LYOPHI LI ZATI ON SYSTEM AND METHOD Cross Reference To

Rel ated Applications [0001] This application clains
w@erioondIoy3 t o United States provisional patent PCT/US2007/003281

application serial nunber 60/771,868 filed on February

10, 2006. Field of the Invention [0002] The present

invention relates to a |l yophilization process, and

nore particularly, to a nethod of inducing nucleation

of freezing a material wherein the material is

initially cooled to a tenperature bel ow a phase

transition tenperature and subsequently de-pressurized

SO as to inques. et gatten et sirkpezing nmride
material. B nVENti on
Controlling the generally random process of nucl eation
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60/ 178, 8EPI callemaerme 1Pee2€90@ryi ng process,

mul tiple vials containing a cormon aqueous sol ution

are placed on shelves that are cool ed, generally at a
pp@iaobtedhéatlmvénximw terrper atur es. The aqueous

solutron in. each vial thegy £
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tenperature and_sone val ue si n|f|c ntly (e a
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LepReRdH ey TheSpressurized so as to induce nucleatlon

of freezing in the material.

Background of the Invention

[o003] Controlling the generally random process of
nucleation in the freezing stage of a lyophilization or
freeze-drying process to both decrease processing time
necessary to complete freeze-drying and to increase the
product uniformity from vial-to-vial in the finished
product would be highly desirable in the art. In a
typical pharmaceutical freeze-drying process, multiple
vials containing a common agueous solution are placed
on shelves that are cooled, generally at a controlled
rate, to low temperatures. The agueous solution in each
vial is cooled below the thermodynamic freezing
temperature of the solution and remains in a sub-cooled
metastable liguid state until nucleation occurs.

[0004] The range of nucleation temperatures across

the vials is distributed randomly between a temperature



di stribution of nucleation tenperatures causes
vial-tovial variation in ice crystal structure and
wabkdoroetoad y t he physical properties of the |yopti/Uszet003281
product. Furthernore, the drying stage of the freeze
-drying process nust be excessively long to
accommodate the range of ice crystal sizes and
structures produced by the natural stochastic
nucl eati on phenonenon. [0005] Additives have been used
to increase the nucleation tenperature of sub-cool ed
sol utions. These additives can take many forns. It is
wel | known 4L b lig o €BmpPeflidaDBasl some
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SO HAL E0gnk AisabtAgol 6. @aquenps teolaliduins? 0%t hkpweRethan
bacteria or their isolated praoteins can to :
et ut | OARS¥BOTKEREESe th rr?p&a:‘é%ﬁi onctteem %F%?g?g This
c?fé/ff%ui;!’il%%&i Guasihdt Ves abmpetemmstis atauges vial-to-
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an vials prepared in | ow particul ate envi ronrrenés. d b
Feeo6] of | iche v teRt | AgZEFerty dBSEPCHES SFhove are=" =¥
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conmposition of the nediumin which they nucleate a the
108961t r anfiddorivapeskayldi PPFBs 4FE%ot ygicHdFe

a%%%.%ta%g_lo% f@%mggéag:ﬁgl_él al#dg Bdcéﬁﬂ%@\/@)luti_on_s. These
reeze- dr1 edphaf maceuti cal products. These additives that
akisld tdoremot cpRoviede CBRRY of O&YEr- t hECt ilfe Wahl nown tha

%%In%%{i% ureb\Q(gzg:rértirE? Vi ales pucl eatre Aptbrid@e2e. syringae)
er; the additives only operate to increase the | )
&,\y&ﬁﬂ'gﬂsmﬁﬂ]EaQtanBeﬁp'@rtath_ﬁ]@ nucleate ice formation 1in
sub-cooled aqueous solutions. Either the bacteria or
their isolated proteins can be added to solutions to
increase the nucleation temperature. Several inorganic
additives also demonstrate a nucleating effect; the
most common such additive is silver iodide, AgI. In
general, any additive or contaminant has the potential
to serve as a nucleating agent. Lyophilization vials
prepared in environments containing high particulate
levels will generally nucleate and freeze at a lower
degree of sub-cooling than vials prepared in low
particulate environments.

[0006] All the nucleating agents described above are
labeled vadditives,” because they change the
composition of the medium in which they nucleate a
phase transition. These additives are not typically

acceptable for FDA regulated and approved freeze-dried



of the vials. [0007] Ice crystals can thensel ves act

as nucleating agents for ice formation in sub-cool ed
wa@euwene®3xol utions. In the "ice fog" nethod, arP¢mOsm07/003281

freezedryer is filled with a cold gas to produce a

vapor suspension of small ice particles. The ice

particles are transported into the vials and initiate

nucl eati on when they contact the fluid interface.

[0008] The "ice fog" nmethod does not control the

nucl eation of nmultiple vials sinultaneously at a

controlled tinme and tenperature. In other words, the
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shel ves, are nual co0 t n
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1830ed 1 GEnUCIER | SRS ASTRITRY EOSPncrShr i ey the
PRiRASs 1ok al opr emulltgaiient vabhde deeisnulotanecusly at a
controlled time and temperature. in other words, the
nucleation event does not occur concurrently oxr
instantaneously within all wvials upon introduction of
the cold vapor into the freeze-dryer. The ice crystals
will take some time to work their way into each of the
vials to initiate nucleation, and transport times are
likely to be different for vials in different locations
within the freeze-dryer. For large scale industrial
freeze-dryers, implementation of the “ice fog” method
would require system design changes as internal
convection devices are reguired to assist a wmore
uniform distribution of the “ice fog” throughout the
freeze-dryer. When the freeze-dryer shelves are
continually cooled, the time difference between when
the first vial freezes and the last vial freezes will
create a temperature difference between the wvials,
which will increase the vial-to-vial non-uniformity in

freeze-dried products.



I mpart any degree of control over the tinme and
t enperature when the individual vials nucleate and

wo e@emneso3hut i nstead only increases the aver ageCT/US2007/003281
nucl eation tenperature of all vials. [0010] Vibration
has al so been used to nucleate a phase transition in a
net astable material . Vibration sufficient to induce
nucl eati on occurs at frequenci es above 10 kHz and can
be produced using a variety of equipnment. Oten
vibrations in this frequency range are terned
"ultrasonic," although frequencies in the range 10 kHz

#1 o ¢ KHz 3h81t yRiccal donthd i Nbihecasdidy e srcadmecming, or
umans. U trasonic vibration often produc
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Jé FRE te%'ﬁgd st a%tr eg%r 2%#1 nert| ]lﬁgi%s Srage
ﬁhanaau:erdrz&obdmmIWeSOﬁhaﬂlemabllst st abl e vol une or
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R
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;%ké%%gﬂ?QéHgiggoggiﬂ%zasgg &éfﬁgif§dwkghﬁgethe audible
range of humans. Ultrasonic vibration often produces
cavitation, or the formation of small gas bubbles, in a
sub-cooled solution. In the transient or inertial
cavitation regime, the gas bubbles rapidly grow and
collapse, causing very high localized pressure and
temperature fluctuations. The ability of ultrasonic
vibration to induce nucleation in a metastable material
is often attributed to the disturbances caused by
transient cavitation. The other cavitation regime,
termed stable or non-inertial, is characterized by
bubbles that exhibit stable volume or shape
oscillations without collapse. U.S. Patent Application
20020031577 Al discloses that ultrasonic vibration can
induce nucleation even in the stable cavitation regime,
but no explanation of the phenomenon is offered. GB
Patent Application 2400901A also discloses that the

likelihood of causing cavitation, and hence nucleation,



[0011] An electrof reezing nethod has al so been used
in the past to induce nucleation in sub-cool ed

wO p@aioe33 El ectrof reezing i s general ly acconpl pGHes20by003281
delivering relatively high electric fields ( 1 V/nm
in a continuous or pulsed manner between narrowy
spaced el ectrodes imersed in a sub-cooled liquid or
sol uti on. Drawbacks associated with an el ectrofreezing
process in typical lyophilization applications include
the relative conplexity and cost to inplenent and
mai ntain, particularly for Iyophilization applications
_usi ng | ti.ple yi O ARET Sith SPrequencies above
18 é%t?gﬁP%égfth%ghﬁosﬁbe df?%@?liuébplLedqto _
190l WHDNSNEPNt BEni Agaresised pey esTeUGingNaGhe ambient
haral Fecetin Lher etk shudbes divomiam 18 Whstatile
acuunt "Tnduced surface freezing (See
fagia ih. Sheakenuthion.6, 684, 524). I n such 'vacuum
i nduced surface freezing i a tyal Qi n ed
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Gont kel padrshel firiduee fmeskeadigsar ianguieiapokrd  biayids.
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crystals fromthe pre- frozen syrface laver.thr :
PravbefEEPn &SR s%}ﬁ?iaﬂ.ei%%%ﬁﬁérr%ﬁ¢é£k8¥%?ess o
Lophieagnti ﬁ@aﬂﬂﬁylﬁf@umﬁi Pdu@@dmatfja:ﬁmsf regmchgde  the
rocess in a typicallyophilization application.i . .
RPSREANSK SR SFERY | $0FPRTg t6t el R0 fgthtain,
%Qkﬂﬁ@ﬂléﬁﬂ@r sbat ed el 11 288ich00 Efpligmviens using

mgggggléﬁ-JfgiJMQL?auéﬂL£¥£§§§§ Also, electrofreezing
cannot be directly applied to solutions containing
ionic species (e.g., NaCl).

[oo12] Recently, there are studies that examine the
concept of ‘vacuum-induced surface freezing’ (See e.g.,
U.S Patent No. 6,584,524). In such ‘vacuum induced
surface freezing’, vials containing an agueous solution
are loaded on a temperature controlled shelf in a
freeze-dryer and held initially at about 10 degrees
Celsius. The freeze-drying chamber is then evacuated
to near vacuum pressure (e.g., 1 mbar) which causes
surface freezing of the agueous solutions to depths of
a few millimeters. Subsequent release of vacuum and
decrease of shelf temperature below the solution
freezing point allows growth of ice crystals from the
pre-frozen surface layer through the remainder of the
solution. A major drawback for implementing this

vwacuum induced surface freezing’ process in a typical



can enable the freezing of all unfrozen pharmaceuti cal
solution vials in a freeze-dryer to occur within a
wWOree0eg/09sBy ow t enperature and time range, therebgT/US2007/003281
yielding a |yophilized product with greater uniformty
fromvialto- vial. Controlling the m ni mrum nucl eati on
tenperature can affect the ice crystal structure
formed within the vial and allow for a greatly
accel erated freeze-drying process . [0014] Therefore,
a need exists for controlling the random process of
nucl eation in various freezing processes including the
{08881 1084205, of aBphiearadiyi ngoor Enephiligaliaisk  of
3Res37F0 both decrease processing tinme necessary to
chapeatdyf reezdidoyi oy aputrAPEGLES hEhFr ofgdprtion under
upi for,m ty f.r vial-to-vial in the finished product.
?Fa&SﬁH §°PRare c?ré'e' be desirable to provide a process
thet3possedsesrcsmi, ammtprel ercgb| yhgl | nus epltd ghoPEocess
characteristics. _Summry of .t I ' [9015haib8 ¢ ical
pRBs &R %ﬁ/eﬁ?oﬁrﬁgflb%; c%farggg‘egll\h?e}t ZCaligqaggrnst hgd of o
Eyophiilbnz vigias nat esi reearpdryiany tdeostepswothip p more
cooling the material in,a_chanmber at a_pr j ai
BOSFFHG GSRET T I b aS TG et o SheT el (fesiding 2
ahapbpan idaerptoduaduce thicheabton oniffesritry Eromherial-
material; (iil rther. coal.ing the nu 1 '
Fo-grieel S99 hhT P ofe: APITEnTD PIeEsripn torperdure
RLLIHd Pdescnghéi v oadrytngrabe statetivate tfopneduwdtiin the

dried product havi ng reduced.noiSture or I _ .
."[J@é-lﬁn%h%li&ﬁverﬁqlgna n§§egl’qg‘é’ k?ec%%g?ﬁ%%%gi \zfg%teazse Srying
feezasdlryer system conprising:-a chanber having a

contrqll ed gas atnosphere andg one or re shelv .
dPHEd t o TRFESORE or W%egoﬁ?{&is%egrs or SPQFsr%glfl ipg the

alRld précBBans 4o cattlekttibe t eiperatvieusf theeezing
processes including the freezing stage of a freeze-
drying or lyophilization process to both decrease
processing time necessary to complete freeze-drying and
improve the product uniformity from vial-to-vial in the
finished product. It would therefore be desirable to

provide a process that possesses some, OY preferably

all, of the above characteristics.

Summary of the Invention

[0015] The present invention may be characterized as
a method of lyophilizing a material comprising the
steps of: (i) cooling the material in a chamber at a
prescribed cooling rate; (ii) decreasing the pressure
in the chamber dryer to induce nucleation of freezing
in the material; (iii) further cooling the nucleated
material to or below a final temperature to freeze the
material; and (iv) drying the material to produce a

dried product having reduced moisture or solvent.



shel ves within the chanber so as to control the
tenperature of the material ; a condenser coupled to
wao b@7ovmsber and adapted to renpve any sol ventP@F/US2007/003281
noi sture fromthe chanber; and a neans to control the
pressure of the chanber to rapidly depressurize the
chanber to nucl eate a phase change in the materi al
during freezing and to. nmaintain a | ow pressure during
drying. Brief Description of the Drawi ngs [0017] The
above and ot her aspects, features, and advant ages of
the present invention will be nore apparent fromthe
{)(féeisgw ng, -oor ¢ detailed descuind gt tBgaeakterized as a
ted inconjunction wth the follow ng draw ngs,
fhes £k AAryBR18byBtem 1 cioswrigsaph: depi hageeRe having a
t enper at ur.e versus, tinme,pl S ti URGBE JOLRE1 ves
%O‘g?’é‘aﬂigfli cIFPeedRg" ;%crgéssogarﬁ% f%&%he&show %g %ﬁg
i@ageeal tnichendli ome eopemaing esovtathersol @k i yials of a

[0019] Fig. 2 is a graph depictin h HEE oF th
HRFeHE 2t me? p MG I g"so?ﬁ??%n%n%é%g% ng an EhtC o c
SHYI L blr aked Hireeaig pehaeberwi tso depy edsur i gedtrol  the
nucl eation in accordance with the prese : h
FOUROF LG BT SiF GRALREABI c el SO ey S ed Eo the
¥Bhabert i 43 phabpetda el removeursiey gepiyeatdypraninoisture
freezing process with depressurized nucl eati i n

see8y ddift e“PTReFhe sBnf"SRthoR; Cgﬁ‘&fg’ Z%}Iéi Frepsvre
L% a&1sCheRBhber’ & eseplaliyordaprassyophel ithat i ohamber to
systemin accordance with . the present ’lf%:\t/)g‘gt %c?.ﬂg freezing

pEcdied® meRIIFR | Shenpet A& et ot

NGl Q2 iRk dtsaiden ONSRt pebsapasut iemsdtyongin a
small region of a material. For exanple, the phase
transition can be the formation of a crystal froma

Brief Description of the Drawings

f0017] The above and other aspects, features, and
advantages of the present invention will be more
apparent from the following, more detailed description
thereof, presented in conjunction with the following
drawings, wherein:

[oo18] Fig. 1 is a graph depicting the temperature
versus time plot of a solution undergoing a stochastic
freezing process and further showing the range of
nucleation temperatures of the solution;

[0019] Fié. 2 is a graph depicting the temperature
versus time plot of a solution undergoing an
equilibrated freezing process with depressurized
nucleation in accordance with the present methods;
[0020] Fig. 3 is a graph depicting the temperature
versus time plot of a solution undergoing a dynamic
freezing process with depressurized nucleation in

accordance with the present methods; and



liquid. The crystallization process (i.e., formation
of solid crystals froma solution) often associ at ed
wowrah/odoeezi ng of a solution starts with a nucP@HUSINT/003281
event followed by crystal growh. [0023] In the
crystallization process, nucleation is the step where
sel ected nol ecul es di spersed in the solution or other
material start to gather to create clusters in the
nanoneter scale as to becone stable under the current
operating conditions. These stable clusters constitute
the nuclei . The clusters need to reach a critica
@Q}i 1” Or‘}erﬁ, 10, b%fé’”% sLaRbfatud ebepBuchntiddidal of a
s usuaFl'y dictated by the o eratlng condi tions
Besph A3 i arpenat syefenontaniaranelagegr @atdy the present
supersaturation, etc. and can vary from one sanple of
ARESRLIG on to another. It is during the nucleation
event that the atons in the solution arrange in a
deflned anq oerlodlc nggngh tEageg%fugps the crystal
Desggipt GFoW Te subsequent
9602&@ of EMQ]Baﬂibnthatthacoeseu riachimva$g thansition

critical _cluster SIZ ndi.n it S

ENt RePRdS dRIIAPE o7 c?y@ggFrd %Mi19ﬁie§%@§g%1nggg phase
9¥Shs&ﬁ§xﬁih@én arel adea fesmht;onrysfabs ekygtal from a
different sizes an hapes are obtai ne Cont

ép-ggltlg Fhey %%%inlégﬁgf)ﬁ Brocess, gjf -ha f8|&:ﬁlgﬁslon of

chaklengesst a1 Endusint | &l seanufiant)ur bAgens ueds@sidoed with
phar maceuti cal s.

The present thod [ t
Arpesdass Pbr 3c %Qﬁ+%ﬂg ?ﬁ?%ﬁn% SHdPor™ g%éﬁgéﬁr%vent
gbiwldy P uet-pat &d Qha&ehtran5|t|on occurs in a
material. In free2|n ﬁ} i.cations, the grobabu ééélon is

tIR2233 mat ek aFPGi FF HPEUIR R 8aFe AN begl n

E?@‘%'s%%ﬁjh%%ﬁeg "s%'l@tc&(ied Ontdleediemsee difspsetbsedol ing the
e materi al
solution or other material start to gather to create

clusters in the nanometer scale as to become stable
under the current operating conditions. These stable
clusters constitute the nuclei. The clusters need to
reach a critical size in oxrder to become stable nuclei.
Such critical size is usually dictated by the operating
conditions such as temperature, contaminants, degree of
supersaturation, etc. and can vary from one sample of
the solution to another. It is during the nucleation
event that the atoms in the solution arrange in a
defined and periodic manner that defines the crystal
structure.

[0024] Crystal growth is the subsequent growth of
the nuclei that succeed in: achieving the critical
cluster size. Depending upon the conditions either
nucleation or crystal growth may predominate over the
other, and as a result, crystals with different sizes

and shapes are obtained. Control of crystal size and



and the absence or presence of contam nants,

addi tives, structures, or disturbances that provide a
wa@paog/ogro3xz ur f ace for nucleation. [0026] The freRerUSZHOTO03281

solidification step is particularly inmportant in the

freeze-drying process where existing techni ques result

in nucleation tenperature differences across a

mul titude of vials or containers. The nucleation

tenperature differences tend to produce a non-uniform

product and an excessively long drying tinme. The

present nethods, on the other hand, provide a higher

egr ee WLLONLho! bk batch sehid fictalitinges  in
Sg?a&eessgén%g%. tsrceeze-dryi ng) and produce a product
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* % esent etfiods require mnimal equi prent and
apetabldnah chargesifer anplementamperatjd®7py nwhich a

rinciple, the present hods e plje
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materi al s _from supersat ur at ed %?I uti.o
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SPOVWBRQERG | Oy depesiuiemods | ashdr ommapode faoodite or
freezing, freezelconcentration, fractiona
erysed itRH iFnC e dBPeser vati on, or condensation of

{8p26y t o |Twei dErdagsimay comcepsahidifandpdiom , shep is
present nethods may al so be applied_to phase._ .
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phesent | u.gisel gsed raehadqtepr esesbalan i mpr ovengriteation
to current pharmaceutical |yophilizatign .
temperature differences across a multitude of vials or
containers. The nucleation temperature differences tend
to produce a non-uniform product and an excessively
long drying time. The present methods, on the other
hand, provide a higher degree of process control in
batch solidification processes (e.g., freeze-dxrying)
and produce a product with more uniform structure and
properties. Unlike some of the prior art techniques to
induce nucleation, the present methods require minimal
equipment and operational changes for implementation.
[00271] In principle, the present methods can be
applied to any material processing step that involves a
nucleated phase transition.‘ Examples of such processes
include the freezing of a liquid, crystallization of
ice from an aqueous solution, crystallization of
polymers and metals from melts, crystallization of
inorganic wmaterials from supersaturated solutions,

crystallization of proteins, artificial snow



processes. For exanple, within a |arge industri al
freeze-dryer there can be over 100, 000 vials

w@onrayiBsng a pharmaceuti cal product that needBCT/US1967/003281
frozen and dried. Current practice in the industry is

to cool the solution to a very high degree so that the
solution in all vials or containers in the

freeze-dryer are guaranteed to freeze . The content of
each vial or container, however, freezes randomy over

a range of tenperatures bel ow the freezing point,

because the nucl eation process is uncontrolled. [0029]
Turni ng. now ta i es,o@nd jide pagkbell aapbg®, 1 food
p[’sr?éi1 3 so%épi cqée‘gg%f{:g%er aot urelversu_s time plot of .
SieeMmys of arfmepmeus sologricantnrfelgdi ng a tractional
conventjonal .stochastic_n LU}, Pr ocessosleWsag ilhe of
QW'ié]r]rh%\ﬁgéogf' nﬁ’éyggﬁeg%%tr%ﬁg%dtur es of the .

Ebatts OROM Lhgnitee viabe (dl1c¢aceRri4llsstandppgpt. A the
s seen therein, .the vial contentsg havg.a e mdynanigase
B¥RESThg (RAPRPAtur "o at?glu%o Oo%eyet P%e “sol ution "bha
W4 hE D eagk wualh nad unellt inguehdéabed ldwer. t he broad

te erature range of about,.-7 to 3 I
LS ORE] ot cabEy M eacrB LY piiEels fod Fi3tnth Tfredonts an

{ aEPsUakehe i sl deurhers ephextdeur otmhbetyppb3lozption
Conversely, Fig. 2 and Fig. 3 depi.ct te ur a1
PEPSAESESne pl %P§ o?xgmggglﬂti‘b"ﬁgglﬁ eréomggggfrgggiuﬁér%a
PLacess awidy depsessoshzed puelreaticorddm ababedaapsaining

W th the present _nethods. In rticular,, Fig.
Phé’}t%%‘ﬂﬁ?ﬁaéer%’a%g‘ﬁ?ﬁe t&%o BFSSPy t\/‘lfa S gfflsga%&ﬁ and
agyeaus Qlmtdon phdergeengnarnhequindusatedisobbi pgol the

process (See Exanple 2 ; Lth nucleation induced Vidon in
goprEdon |5t oMY tHER IARBETS (5T, ff’a}egﬂgzgg ang

26) - vEhg i abrconiniSidave aihhemiedynenéezérdeyeny are
tenperature of about 00C yet the sol ution a1
guaranteed to freeze. The content of each via or
container, however, freezes randomly over a range of
temperatures below the freezing point, because the
nucleation process is uncontrolled.

[{0029] Turning now to the Figures, and in particular
Fig. 1, there is depicted a temperature versus time
plot of six vials of an aqueous solution undergoing a
conventional stochastic nucleation process showing the
typical range of nucleation temperatures of the

solution within the wvials (11,12,13,14,15, and 16). As

seen therein, the wvial contents have a thermodynamic
freezing temperature of about 0°C yet the solution
within each wvial mnaturally nucleates over the broad
temperature range of about -7°C to —20°C or more, as
highlighted by area 18. Plot 19 represents the shelf

temperature inside the freeze-drying chamber.
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wi thin each vial nucleates at the same tine upon
depressurization and within a very narrow tenperature

WO 200097083 €., -4C to -5C) as seen in area 28. RIDUSRD7/003281
represents the shelf tenperature inside the
freezedryi ng chanber and depicts an equili brated
freezing process, one where the tenperature of the
shelves is held nore or |less steady prior to
depressurization. [0031] Simlarly, Fig. 3 shows the
tenperature versus tinme plot of three vials of an
aqueous sol ution undergoi ng a dynam c cooling process

anp (rlith nuedieation i nguged . 3 depict
é@%?%géuriggpion ofEPhe cﬁ%ﬂber (31, 32, _.and 33).

deabaratheeyvarpunt bhns FAREs ehermSQHEHW frRESFAGINg
L enperat ur g %rc§$8%% 005 - HetadheeSQLYL Lem WhlibhRR8Ch in
Pi at*Huet 3t &5 a

e sane ti upon depressuri zation
atcartienper awiith rehge pfeabott wgthpds-100¢ aBagEéfular,

in area 38. Plaqt 39 repr t | fe { QPRI Es o
thi'dé t i OY’Feg:zhe%rtﬁ?’ﬁ%ech%%er g%agggneﬁgl [ y%{jepi cts s
@i dyBamifc acoalquEpys osed st ione widemgoinm aenpapatdbrated

of the shelves is,actively | ned. .quri Ao\ g" a
Gepragsutirah. (BosoERRbr R Bt Pl e PRalibll skfuce
{ha paesesbsuetireds g ovifdetheprchadbewnt (2L, 8R,LRe 24,25,
nucl eati.on process .by enabl

ng, the. freezing .
BR&r neceut i cBFSsoldt onsc?%£%gF?ee?€Y'ryé$ tggggaﬁdynamlc
gtoaé@zqr@ MG 1ON-& ENBDET BB EL I WFIE ftg. tHbowolution
Cto -7100C ) and/or concurrentlg, therebyr¥%eldjn a
wigdHin | sedtpr otk \WERLGRESEer 2ini FBPM SR orht™e  UPOT

}élie?Jr'etéﬁ' L alae M| @3t wileRRAStd atedy idatSow temperature
oreseeabl e that the induced nucleation tenperature
raAge Nay. even-eXTend sBPght by sleeve itheaphas@s- Plot 29

e N
\Mﬂﬂﬁ@edﬂaﬁx&ﬁﬁ and depicts an equilibrated freezing
process, one where the temperature of the shelves is
held more or less steady prior to depressurization.

[0031] Similarly, Fig. 3 shows the temperature
versus time plot of three vials of an agueous solution
undergoing a dynamic cooling process (See Example 7)
with nucleation induced via depressurization of the
chamber (31,32, and 33). Again, the wvial contents have
a thermodynamic freezing temperature of about 0°C vyet
the solution within each vial nucleates at the same
time upon depressurization at a temperature range of
about -7°C to -10°C as seen 1in area 38. Plot 39
represents the shelf temperature inside the freeze-
drying chamber and generally depicts a dynamic cooling
process, one where the temperature of the shelves is

actively lowered during or prior to depressurization.
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met hods is that by controlling the m ni mum nucl eati on

tenperature and/or the precise tine of nucleation one
we@an7asfoext the ice crystal structure formed wehus2opTien3281

frozen vials or containers. The ice crystal structure

Is a variable that affects the tinme it takes for the

ice to sublimate. Thus, by controlling the ice crystal

structure, it is possible to greatly accelerate the

overal | freeze-drying process. [0034] Turning now to

Fig. 4, the illustrated freeze-dryer unit (200) has

various nmai n conponents plus additional auxiliary

to,gar I hidHez atk .| echkn sent
RFHELTE L on8 11,00 chbeal Yophihie bia0zou| eenkn presen

ar, the freeze-dryer unit (20 i ncl udes éh ,
netdpbilsi zatowhdehahpiroyegl) aomirTontef nithe et 510
(204) adapt ed vials tRl NS5 PhdPRaceutical
Soceran By beeﬁ?%%h?n VL8 (REEE S T%{g solution
do1 heibyephihi zed fireesprecdayey fior mecsed ahdhin a wore
typically contains the active ingredient, a.solvent _. .o
BYE¥eh a ﬂmEEVQFHFest56?9angﬁoﬁ'ageﬁggugr ot eﬂgp 10%c)
$Hay Rcedbheal-r2¢@apt ablihaasisy erpi Sl aditgt | seslyophilized

Lyophilization of this formylatiqn takes place_from .
Bpedhaki za thontIHIRF LT | oBBEERT B Hol Pﬁ‘(ﬁ'@heﬁ’%%js. Bctvial.

A0%$8 cantai §ehsnBBRY-aiRd udarvi aks Wbtbseicapyier sthat the
anpoul es, syringes, or, in the case of bulk tend
ipdphied zavrbaatpans. CPOBSERTYRE | FRUSE, diey =Ver <

%Eg%ﬁ%ﬁ?wéﬂbﬁgﬂéhé28ﬁisé|%Qdﬂﬁﬂdﬁ&ﬁ;ﬁé@p@ﬂeﬁ&ee and may
that I1s adapted to renove the sublinmated and

desor ket el vemtalbowm B vaposuphaseldytondensi ng or
R
h&bﬂa&ﬁlysl@ﬁ@uxb&ncbh&ﬁq@ﬂﬁ@@izapim@mgmm@epuegygtion
Rt R S PR S e optecdd) £PRTY LTt B one
can affect the ice crystal structure formed within the
frozen vials or containers. The ice crystal structure
is a wvariable that affects the time it takes for the
ice to sublimate. Thus, by controlling the ice crystal
structure, it is possible to greatly accelerate the
overall freeze-drying process.

[0034] Turning now to Fig. 4, the illustrated
freeze-dryer unit (200) has wvarious main components
plus additional auxiliary systems to carry out the
lyophilization cycle. In particular, the freeze-dryer
unit (200) includes a lyophilization chamber (202) that
contains the shelves (204) adapted to hold wvials or
containers of the solution to be 1lyophilized (not
shown). The solution to be 1lyophilized is specially
formulated and typically contains the active
ingredient, a solvent system and several stabilization

agents or other pharmaceutical acceptable carriers Or

12



(202) through a so-called isolation valve. The
freezedryer unit (200) also preferably includes a

wo 2oa09s0punp (2 08) operatively coupl ed to thePCT/US2007/003281
condenser (206) and adapted to pull a vacuum on the
| yophi l'i zati on chanber (202) and condenser (206)
[ 0036] The cryogenic refrigeration system (210)
provi des the tenperature control neans for the
freezedryer unit (200) by cooling a prescribed heat
transfer fluid which is circulated to the shelves
(204) within the Iyophilization chanber (202) and the

%§§¥§¥§gé (20 ) h§f3.46$§ﬁraﬁfdthﬁge £6¥@deateon takes

rigerati on system (210) conprises a_source of
praogere £ @i 8)spesiahi zed | | LRI ER ANErBgehOCatEry ofBniRe11oW
e exchang 20 e ray &l uirgan ith
%héi%ﬁ?'(zzz?ﬁ?gé véﬁ?t?ggf?f? 2Eﬁéa?§?£%%%6) and ©
PP ta27 sgfjuled 0087 riTlesor yoyenila Heae EReFarfferbulk

(%égé,'s referably an NCOOL(tn) Non- Freezing
¥y éh?@gﬁéﬁF“Eik Hhige System avail able from Praxair
toe35AN | Notid att L aspestedf fidee zxydgeaic upddt (200) also

exchanger (220)is the v \zat, f.ot L Al
TREIO05R v RGP ol AP 0 1he Roar - SxERanar yEE™"S
thed SBBDEhatkd awdi ddedbrbet] cenflasmtof frem | itdh@ dvapor

ni trogen on _coaqling surfaces_expased t.q. t eals £
PRafsf ePYT | EPBSeB@g‘éﬂ s96f TRESSTT ULt ulﬁ:e }ﬁlﬁ o%esr ation
abhisueh A {eduershesgeuncamsicdé ouhe ifirdg®:-dayent The

No. 5,93 7,656 (Cheng et _al .) .the disclo ich
Fenpds Iﬁiéﬁé% ycgﬁfeFSncé Eﬁ%ﬂéﬁffoogg%s?%é "4 the
@9%§%Mﬂ%%h¢&5ﬁ thanbker (Jad) ofresi ta (22%3rase external
adapted to circul ate a heat

Uﬁéltat}’i}elc)?“wml%ﬂ?}‘b?ﬁ’tlﬁk{ L@Q;’; rﬁ;lc]"%kly{z]g. ?%ﬁi%ﬁa%lgpb =
Q%%%bf%hﬂﬁﬁéhaé éBechmQQMi@bﬂéﬁﬁan.v&@ﬁe. The freeze-
specifically, the heat transfer flujd flégglgt%%cuum um
daryiege unit” (200) also preferably inclu pump
(208) operatively coupled to the condenser (206) and
adapted to pull a vacuum on the lyophilization chamber
(202) and condenser (206). )

[0036] The cryogenic refrigeration system (210)
provides the temperature control means for the freeze-
dryer unit (200) by cooling a prescribed heat transfer
fluid which is circulated to the shelves (204) within
the 1lyophilization chamber (202) and the condenser
(206). As illustrated, the cryogenic refrigeration
system (210) comprises a source of cryogen (218), such
as ligquid nitrogen, a cryogenic heat exchanger (220) ,
and a heat transfer fluid circuit (222), a vent (224),
a heater (226) and pumps (227,228).

[0037] The cryogenic heat  exchanger (220) is
preferably an NCOOL™ Non-Freezing Cryogenic Heat

Exchange System available from Praxair, Inc. An

important aspect of the cryogenic heat exchanger (220)

13



t he hol |l ow shel ves (204) wthin the Iyophilization

chanber (202) to precisely comunicate the cooling or
wheariosy3z hr ough the shelves (204) to the sol up¢DOSHG7/003281

needed. In addition the prescribed heat transfer fluid

al so flows through the condenser (206) to provide the

cool i ng neans necessary to sublimte the ice and

further desorb the solvent . [0039] Punp (227) and

heater (226) are di sposed al ong the heat transfer

fluid circuit (222) upstream of the Iyophilization

chanber (202) and downstream of the cryogenic heat

'eXCange\;a 329% tigﬁe PEMRPHE22V) gh $aSiRtr-dSefiOVa thir or
Yeat"Fr ansrer f1ui through the heat transfer circuit
{229 nal the tbguiheat| ewahmnger TREtheaberd (PoF s that

referahly an el ectr] t: . i dsny 15
T R F A T AT € 1O REat 17 anarer e and the -8
dyophtbbz abimrsehahbertHe202gahs tmanbke¥ efditi€d duPehgils
the drying processes.. 4 S int
SRR B ol REATLoR, DRIy tika, exohanger
€88 ek b¥candecincl.a& i oRakewtenier atur 23 he@b6t r&ingg et

fluid. Refrigeration of t h ransf er, | ted b
#1 oti n§Henr o%bﬁc R&YEGndé&nser éEﬁ%) :1% allsrgé%%%\)/ir%e% Y
byrarenyegeidxefieat exchanger (220) . The cryogenic

heat exchanger (220) i.s capable o i ; : ;
£P8ASder fljﬂﬁj &mﬁﬁ&escfy%ﬁatetho%tr%?%eée%nga QII:DLudri ﬁércult
the29r Vihaqieses, tbheieeytger @ lrest exchanfer £2poy and
is set or adapted to achi.eve the | awes e :
8quPRST Ao EHE cBIUERSE  £206)° th o Bssc P Bag  Leation
abawdert he200y00£8i wegat aexaltangerr(@ger (206) . More

R M
THOUgR 1D eVapDFa@si ofeed) t heithdni dthiet r dgephilization
gq'squégatquag,t ESQ:Zi)guti,od B;Eagg%%gyavgégrﬁuggiclaitgg tqgef cooling or
heating through the shelves (204) to the solution as
needed. In addition the prescribed heat transfer £luid
algso flows through the condenser (206) to provide the
cooling means necessary to sublimate the ice and
further desorb the solvent.

[0o039] Pump (227) and heater (226) are disposed
along the heat transfer fluid circuit (222) upstream of
the lyophilization chamber (202) and downstream of the
cryogenic heat exchanger (220) . The pump (227) is
sized to move the heat transfer f£luid through the heat
transfer circuit (222) at the require flow rates. The
heater (226) is preferably an electric heater adapted
to provide supplemental heat to the heat transfer fluid
and the lyophilization chamber (202) as may be required
during the drying processes.

[o040]) As seen in the embodiment of Fig. 4, the

condenser (206) is also cooled by a recirculation low

14



heat exchange surface where the heat transfer fluid is
di sposed on the other side. Such arrangenent avoi ds
wo e@emdgs of t he cryogeni c heat exchanger (2200CHUSHE7/003281
liquid nitrogen boils at about -195 degrees Centigrade
at atnospheric pressure . [0041] The illustrated
enbodi nrent of Fig. 4 also includes a neans for
controlling the gas atnosphere of the |yophilization
chanber (250) , and in particular the gas conposition
and pressure within the chanber (202) . Controlling
the pressure of the chanber (2 02) allows for the
pressurizati nd Lapisd depressur i zakEeagefrddion of the
SRS o i%%%gegﬁac eation of the solution. The 6)
1l | oseck Baboflmed; flefiarabilrendsk bhe GO oflf°
control valves 5 on Rl y. adapt edxtBanger (220) .
Jf%c?#??apé:otvhléiél%t %%d%ct%%)zé%? a pressuri §ed ggs
Btd0sphesgehict hteaitantrorc 2029 f r A28 ) sodrte GPRPRLe  ©oF
(not shown) and to_depressurize st he.ghathghuld wWenti ffout
¢9rRl hrass S ed §§n§$%%%phé¥éggMayc§ron1thg cﬁgnber
2021 h§.a pontine vk ahdy pnef phabkg r &fiel sravegenic heat
t hereby i nducing .t henucl eati gn_of .t 190 LRt D8 £
e¥Fhandetodeailners oﬁg?/i%ﬁ:sagafgﬁﬁ?z%%;at %%% not. oo
sbaperatiigef r eezpintiyerfami tt{L00)orfiensenc| Yaes) - As
various control hardware and sof.twa ys adapt ed>20)
deceBRafd AREVEoor PRat & YRESHAS oh%a%ar téggg? g’%e. ¢
preezoagoyiaheLquipmam , nandogen yiotb the cryogenic cold
pre-programred | yophi li zat | on cle e ' fluid.
géﬁtrEPrhaF%%Ere¥5588§8thgPe gégteﬁgggay¥g%?%%gfbvidgl
SACUIBR! Frrevasbaatagpi /Y, Ehar M oudt sisregen assures
security capabilities as well. |n_addition,. Lli.a
Spet drtaiss RELFPEETe R Bpt L SH0r tay ety BYer 2
*@%itoﬁcé‘%ﬁétﬁﬁﬁ‘fb@edvﬂﬂi\:@ndhét eradt zerahefer £luid is

ophi l'i zation ch r (202 - n nl i
t%@gosedaénotﬁ;aggieé éﬁ e. auégch %@%ﬁh&e%en@a%v01ds

freezing of the cryogenic heat exchanger (220) since
liquid nitrogen boils at about -195 degrees Centigrade
at atmospheric pressure.

[0041] The illustrated embodiment of Fig. 4 also
includes a means for controlling the gas atmosphere of
the lyophilization chamber (250), and in particular the
gas composition and pressure within the chamber (202).
Controlling the pressure of the chamber (202) allows
for the pressurization and rapid depressurization of
the chamber to induce nucleation of the solution. The
disclosed embodiment preferably uses one or more flow
control valves (252) controllably adapted to facilitate
the introduction of a pressurized gas atmosphere to the
chamber (202) from a source of gas (not shown) and to
depressurize the chamber by venting the pressurized gas
atmosphere away from the chamber (202) in a controlled

and preferably rapid manner thereby inducing the
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product in the |yophilization chanber (202) ; and
associ ated cryogeni ¢ system accessories such as
wo edorjogre@sat i on skids, liquid nitrogen tanks, pP@I/I§007/003281
val ves, sensors, etc. [0043] In a broad sense, the
presently disclosed nmethods for inducing nucleation of
a phase transition within a nmaterial conprise the
steps of: (i) cooling the material to a tenperature
near or below a phase transition tenperature of the

material; and (ii) rapidly decreasing the pressure to
i nduce nucl eation of a phase transition in the

mat.eri al C f t b
ol oIy SHRSEACRIRL A gheeslf Horkgpere ox

YANERI AL [0044] IIIustratlve materials useful in the
r esent net in ude pug, bst es £, QRASKS.g it
@U&%%h5|od% B%Vg qli ﬁo%% ThE YR T

Yq0i dg, utions, ntxtures or
Gﬂﬂ@PneﬂléomAUMdluﬁéﬁﬂuVaUmous moangrol SubpasMare  and

materials for use in the esent o) h
%Qﬁt¥&%%pﬁgsﬁﬁgﬁmﬁﬁhﬁq%%l nafﬁﬂérﬁglgngEXObQ@ﬂﬂg%e ehe
P Ppbas "Beeuki 68l tirl aied s -dopilsgubhsipoient cand carry

materials, and may inclu oduct s as care
Produehs, EB?WBFP@%Ta“tF‘éetcgr i Jf%é? dhﬁero %gggnané gi n@l' The
oféif%hg ¥ohiteddi agnesiace éﬁldatseifma)ri@csysa@mst eay also

[i ke. When the materi al s a #?QUId

pREaVi 8| BOFETERESS AR g4 daed; hoddiRe | et %.%ﬁ‘?d?ysmm

L0cAreeyt cald-ed 10asi @avasomel. Wi Lh gelddtdldry, hawgiliary
gases dissolved in_them [0045 tr ve
AUEEEME| stAsetP i hreReSprEYEnt Hgfﬁod(%hgﬁudgg& include

Lok gaical sapshiephes naeautleabamat eandl sathradize the
tissues, organs and nulti-cellul ar st uct.ures

EEPDAILA LBRGHGE CHER ﬁrpﬁgfﬁﬁceu?YEar 2P ik |on£oad the
bheammierial Meebe1gcaalili A Don i Xhamboihat (202);  and

nclu live or attenuated viruses; nucjeic
assoc1ated. cryogenic system accessories such as
refrigeration skids, liquid nitrogen tanks, piping,
valves, sensors, etc.

[0043] In a broad sense, the presently disclosed
methods for inducing nucleation of a phase transition
within a material comprise the steps of: (i) cooling
the material to a temperature near or below a phase
transition temperature of the material; and (1i)
rapidly decreasing the pressure to induce nucleation of

a phase transition in the material. Each of these

important steps will be discussed in more detail below.

STEP 1 - COOLING THE MATERTIAL

[0044] fllustrative materials useful in the present
method include pure substances, gases, suspensions,
gels, liguids, solutions, mixtures, or components
within a solution or mixture. Suitable materials for

use in the present method may include, £for example,
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aci ds; nonocl onal antibodi es; polyclonal antibodies;
bi onol ecul es; nonpepti de anal ogues; pepti des,

WO p@leiosy) pol ypepti des, peptide mnetics and poduU$i0eT003281
pepti des; proteins, including fusion and nodified
proteins; RNA, DNA and subcl asses thereof;

ol i gonucl eotides; viral particles; and simlar such

mat eri al s or conponents thereof . [0046]

Phar maceuti cal or bi opharmaceutical sol utions

contained in vials or containers for freeze-drying

woul d be a good exanple of a material that would
enefit f og‘aﬁhgné{{&sfgism?tﬂh%hgﬁﬁaéeh{é!i_bams witerials,
YTy Rat er are substantially inconpressible.

ﬁﬂ@@spﬁﬁfsaceu¢hemkcei blmaﬁarﬁﬁééutlcansolﬂ?Yonsl%?%ude

Qanlﬁcg u ghl )/ I%Lhe %@d 0886haL by A eep?édﬁé‘:%' cul @b ssetics,

Sités for nucleation.” Uni form nucl eati on
Jeppeiatuye psodapost amdt dror waviodgra €bhsPst@IRAgtics

uniformice stal _str, u r oy, \vi.al |G,

%%%?EﬁﬂePFQéagﬁﬁa?ﬁé éh%eif%é cmhé&itﬁg HeRlerdfal is a

:ﬁi&uitil,qucte\tﬁ{pplsd dbsax@lbéalwoaﬂﬁsspéveh@atseﬁ into the
required for dryin [0047 p d

Hae oyt aboctuss (remmapstell Gif preRatagmene will

géﬁ%@ﬁlllﬂr hBha s es sathsaivadf rige yi ng chanber.
referably, the ch

fi |
EBARSBAI of qq*belfeﬂ'gg? tdlf%tcg‘lg’]elsngabut:e igh asuégf&i P the

an
AERspherfethddi Ankhaah ahibﬁlogIbalgasr a}bnopphemecmgtlcal

I'nclude, but is not |imted to; on it "
meliedhalai FUHat &F ngﬁﬁue&(yggﬁ Car boﬁlrc]idl ,E)u‘)%ﬂg@, cellular

SRR JIUWXi @8 rktéf@as:lommo@itanc amnd dpham‘e@n:eutical
é%%?fméﬁcp%%é’,”. e R N e Y
e%tpr ef.en(,8dsdasa atlma&phaﬁce LOPPhihseedanvinesésgasjucleic
S:i,ll;l:C:Ldsa,S ?nrogr?gclgxgaf pair?gns.’grocehes, polyclonal antibodies;
biomolecules; nonpeptide analogues; peptides, including
polypeptides, peptide mimetics and modified peptides;
proteins, including fusion and modified proteins; RNA,
DNA and subclasses thereof; oligonucleotides; viral
particles; and aimilar such materials or components
thereof.
[0046] Pharmaceutical or biopharmaceutical solutions
contained in vials or containers for freeze-drying
would be a good example of a material that would
benefit from the present method. The solutions are
mostly water and are gsubstantially incompressible.
Such pharmaceutical or biopharmaceutical solutions are
also highly pure and generally free of particulates
that may form sites for nucleation. Uniform nucleation
temperature is important tTO creating a consistent and

uniform ice crystal structure from vial to wvial or

container to container. The ice c¢rystal structure
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bet ween about 7 to about 50 psig or nore. Tenperatures

within the freeze -dryer chanber are often dictated by
Wao b@709exe- dryi ng process and are easily contPOl/D81$07/003281

via the use of a heat transfer fluid that cools or

warns the shelves within the chanber to drive the

tenperature of the vials or containers and the

material within each vial or container. [0048] In

accordance with the present nmethods, the material is

cooled to a tenperature near or below its phase

transition tenperature. In the case of an aqueous

%1 e?S sokutian, ug ?gt&q OaRrEEe8zZ ekl VicAehePr 96§8S retihefor
ansition enpera ture is the thernmodynan c
&ﬂyﬁﬁgng poi nt of the solution. Were the solution

[STERPS, | TR b1 £84PROWal e LUBEIRGYARY cotbeeskno the

i on, is sald to bé sub-cool ed.

n\%wrg@m :1@ pﬂeﬂefabkzu m:g;tameﬂ:ess &f chremegEousuch as a
- based sol ytion, .the present, f t i
ﬁ?@?ﬁ%gé§¥13ﬁ'sﬁg g%*?lng raﬁgggg%%%%§ne i lyﬁamﬁsg s

ear or bel ow
thephaseety ansi hbord eanb]%ﬁt sontuplt cofibsine 40oWetature,

subcool i ng, apd nore preferably b e
REBESBEPng g8°C §ﬂ§1 ogl %ﬁM@lﬁﬂﬁggﬁéaéﬁle The
&xaml @sogpaeriebedapel nvelbde, prles’entlsretnlm dfimited to:

" Tnduci ng nucl eation rks deS|rabI t he
-3BIARH on AT SR aﬁggtLT@ of*slub- Zoo |ngm€§?sr" Srygen.
&Q%Hﬁdﬂmmér eeéh:b@npﬁdxdrtox1{léo491]1t\ﬂpeme achide, n:.tr:n.c

material is at a te erle low its
PKafsit i oRPErper &PUPE, EPFén rngE?@ o Qydrogen,

B@b Gnid) apiRLasd, abéﬁdSttai@ 1A ket aiha:ﬂh.lehstgat gerguaﬁlble
unst abl e and transi ent, but rela#lvel Ion

Slﬁ-éit:@r@fs a AhsERt - or TROI ogrEaFSEySHem 9 Ivegts:f“ag’lphere
E)E‘l%],eé egporiHdty g¥kSt sshdha aghasegon, staai eat patessure

betweerl t;bgggl I'7I l?:rc:)I uanl;cﬁjlfl]t?ngo%)ssitgatoer r!‘tgre Temperatures
within the freeze-dryer chamber are often dictated by
the freeze-drying process and are easily controlled via
the use of a heat transfer fluid that cools or warms
the shelves within the chamber to drive the temperature
of the vials or containers and the material within each
vial or container.

[0048] In accordance with the present methods, the
material is cooled to a temperature near Or below its
phase transition temperature. In the case of an agqueous
based solution undergoing a freeze-drying process, the
phase transition temperature is the thermodynamic
freezing point of the solution. Where the solution
reaches temperatures below the thermodynamic freezing
point of the solution, it is said to be sub-cooled.
When applied to a freezing process of an aqueous-based
solution, the present method is effective when the

degree of sub-cooling ranges from near or below the
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the absence of any changes in the material or its
environnent, a netastable material will eventually
W e@ns9I08HN fromits non- equilibrium state toPCT/ES2007/003281
equilibriumstate. Illustrative netastable materials
i ncl ude super- saturated sol utions and sub-cool ed
[iquids. [0050] A typical exanple of a netastable
material would be liquid water at atnospheric pressure
and a tenperature of -100C . Wth a normal freezing
point of 00C, liquid water should not
thernmodynam cally exist at this tenperature and
pressure, but .it can exist int aps Of 48°c of b-
Pﬁl?(ﬁeea'f'?ﬂﬁsé\gféﬁn oFe@P?ﬁ%l%hlf e t'%?begi (r:aﬁlt; eice = o
cryistal i zaki QoML 0588 8er EXL MR divdtii eavaiuer °an die sub-
Ccooc%)ﬁ]slexgi”to very Iowogerrperat u?:s (-3 00C to -400C) gt h
atoisperand pre@8dr ecBndSwe T FPOL&RFI-n | nTPheSPPGui Q- R
st at Such, sub- ed W3ty i SthB a MofNs&Qi | eidirll of
FHEY %?/na%ecsg J)'Stg%gt astabl € state. It only |acks
et Bad i onueleatt itte c ks t deF WP kY t heVphRasehere the
transition whereby it . wi|l refurn to.equil{priugesy n
$Pbsaion Haf s@ﬁgéfedagﬁ’dl?e,l t%‘;eogr g’gl&?éj%%ﬁg%s of oW tF

él@%&&?nauﬁkeaﬂﬂé&mg aphase transition within a
material or freezing a material, can_be utilize it h

{8949Ls colhiaFs prlofi Meseriad) udf nat olréeé“faerr%%e&%nbelow
£y bhhal ad-£08k L Rene RenpiEnirey atdymanitenorefigrred

environment (See Figs. 2 and 3 . STEP 2 - Pl
DECREASIQQ@QFI—PPREW‘:R%@] S%ﬁ\%ﬁ e S PLibhd state
!’L‘ﬁacé‘ﬁd ther 483kl edntiempesatiieatneabudr hellewitviedy long-
phase transition tenperature, the %ha er, isJ[qui Cslt(:le¥n 2
oivedpi dsyaEBPrRS sy | shemigats UYep é?g??rqlz%ﬁ oftY :
anrl:gg%ra%ltéqe Déeh8alll OReRPErARASE, t ERABLEEI O OB thikase or
solution wthin the vials or containers. In the

pteter ridthenticdi neht its equilibrium phase or state. In
the absence of any changes in the material or its

environment, a metastable material will eventually

transition from its non-equilibrium state to its

egquilibrium state. Illustrative metastable materials
include super-saturated solutions and sub-cooled
liquids.

{00501 A typical example of a metastable material

would be liquid water at atmospheric pressure and a
temperature of —-10°C. With a normal freezing point of
0°C, liguid water should not thermodynamically exist at
this temperature and pressure, but it can exist in the
absence of a nucleating event or structure to begin the
ice crystallization process. Extremely pure water can
be cooled to very low temperatures (—30°C to -40°C) at
atmospheric pressure and still remain in the 1liguid
state. Such sub-cooled water is in a non-equilibrated

thermodynamically metastable state. It only Jlacks a
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chanber depressurization is acconplished by opening or

partially opening a |large control valve that separates
w0 b@7l939B3 pr essure chanber from either the anbP@mnUsS2007/003281

envi ronnent or a | ower pressure chanber or

envi ronnent. The el evated pressure is quickly | owered

by mass fl ow of gas atnosphere out of the chanber. The

depressuri zati on needs to be fairly fast to induce the

nucl eati on. The depressurization should be finished in

several seconds or |ess, preferably 40 seconds or

| ess, nore preferably 20 seconds or |ess, and nost
rﬁcﬁfeq@%ﬂ. 10,88€0N¢S, Olcd s, {9058b | belpipi calhe phase

reeze-dryirig aEplycatyons, t he pressure di.fference

thetnwedriehevharepyl ithativer TR'eesur EOaRGU e I T -
g;basrgﬁer PIESSUcALLEn daRbReSUMAl bescsfoUhrhods of

reater than about psi, although smaller pressure

ididhpsimay nwdlest hoo! eafi oni iPkewe STIYATLEASP Within 2
comrercial__fr ; r Badi | ¥aacanumpgdahe A with
Wéﬁ] D 6?%32%%%23%%€§§ng%§§% to coﬁtrol nucl eatign
MNaryolhs eexe iyer prarviei desi grietWdingr edQr e SFRMgy a0
I n excess, of 25 psig t .t A0d- capvent iy ; lin
et ??ngﬁgh(ﬁ?oc%%%rggﬂghp oyi ng saturatggégpggnsg? e
dixtGrofmehte@igarehigs at 2 ngsdpBovi de an anpl e wi ndow

to i nduce nucl eation follow ng protocols that

depressurize fromstarting pressures above anbi ent
PrESSYI 6 RANIDL YN IEECRERSINGt HEE ARFFEHRIRE sur r oundi ng
environnment . The. el evated .pressure SHRF eyt gesired
Hgﬂﬁgésurifgf?bn%gﬁh ngﬁgﬁf%&eggf%rg%%h any known eél%e
pEAPSrkeude pheumntior hyskhowi c tley npdleed cakyansition
the preferred enbodi nepts. operagin res,for . ths g1
E?@§§ﬁ?9ﬁﬁ%mdsggﬁbulSHP@ﬁﬁFﬁ bef ow ¢%§%ﬁ ercor]}:ticalgﬁL Y
gg?§§g@@ﬁﬁz@my apMied gapreswohrsiyeionng tihieggers the
ma

erial to extrepe | ow pressures (i. €. . s
nucleation and phase tégnsftion gf %he solution within

the vials or containers. In the preferred embodiment,
chamber depressurization is accomplished by opening or
partially opening a large control wvalve that separates
the high pressure chamber from either the ambient
environment or a lower pressure chamber or environment.
The elevated pressure is quickly lowered by mass flow
of gas atmosphere out of the chamber. The
depressurization needs to be fairly fast to induce the
nucleation. The depressurization should be finished in
several seconds or less, preferably 40 seconds or less,
more preferably 20 seconds or less, and most preferably
10 seconds or less.

[0053] In typical freeze-drying applications, the
pressure difference between  the initial chamber
pressure and the final chamber pressure, after
depressurization, should be greater than about 7 psi,

although smaller pressure drops may induce nucleation
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about 10 niforr or |ess) should be avoi ded during
nucl eation of the material . [0054] Wile not w shing

W eoobe9dazind t o any particul ar nmechani sm one POBBESDDE003281
mechanismto explain the controlled nucl eation
observed in the practice of the present nethod is that
gases in solution in the material conme out of solution
upon depressurization and form bubbl es that nucl eate
the material. An initial elevated pressure increases
the concentration of dissolved gas in the sol ution.
The rapid decrease in pressure after- cooling reduces
the %% sméﬁgéig lMﬁg@echg§g$¥gﬁ fFebeasedefyedas can

e su 0

cool ed ution trlﬁ%gers nucl eati on of
ﬁélﬁipmsactbam&datmw the058hgansttheprpeguerp| rops needed

mechani smis_that .t. t cqﬁg,%%sof tdeqg8asaned
i o‘i‘?%?‘git RE<ndl aé_‘rlllz)a duﬁ?‘%{ﬁgdg%rggggurl Fation causes a
WOt speksamet hretsurgsacm oéxthesneferiSaPiatte WlthStand

initiates nuycl eat Anot her_ pos ni sSMujS1
‘%‘Pr%‘t’e?ﬁéoﬁé‘gr essﬁ et es ?vlg%%?cgqt??%% of soﬁ oying

%%9&5:9 LA tbeelRt erdtal @bt .he residi andqeinphény f remings
& endot herm ¢ evaporation process nmy _initjate

puchédei em FFRACKipESs e HRTHSAI SMGIER A ¢ ﬁ@ﬁowmg

depr eSSyl Zed G0l edas hoxX FBt erthR Nt LFt ahgf rpeéeSures
Sone vapor either 1n equilibriumwith the materia

abbue aommm$@a¥?oﬁrofihlel BSesBtr S r i the Tmmediate

oAt er lu%'dt Qgg quwdn%htgurl nepdepeessadant p&@a.sstdma and
resu ol partlcl es reenter the rraterlg gl %
asbseenergy C@ﬂﬂlf%t%%‘sr%éai:ﬁpﬂ e hrc|achiohedohgrgran any

re of tl?gcsuq nech@énéms MY Qb t Dot € t ydbdhBie&ON  or
f9%0c! eatton of freezing or solidification to

dbb&ﬂnmléxt erftrs @@@enﬁrﬁéeéﬁeﬁheeﬁ@f)%@e&tst'heOPeratlng
materjal, | o) n a Si-Lin@h Low
E@%if%ﬁuﬁea @ﬂé BREQALAR dud o b astif1aNStEEAn belo

the supercrltlcal pressure of any applied gas, and
subjecting the material to extreme low pressures (i.e.,
about 10 mTorr or less) should be avoided during
nucleation of the material.

{o054] While not wishing to be bound to any
particular mechanism, one possible mechanism to explain
the controlled nucleation observed in the practice of
the present method is that gases in solution in the
material come out of solution upon depressurization and
form bubbles that nucleate the material. An initial
elevated pressure increases the concentration of
dissolved gas in the solution. The rapid decrease in
pressure after cooling reduces the gas solubility, and
the subsequent release of gas from the sub-cooled
solution triggers nucleation of the phase transition.
[0055] Another possible mechanism is that the

temperature decrease of the gas proximate the material
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[ 0056] The process may be carried out entirely at a
pressure greater than anbi ent pressure or over a range
w@Roopone®3xr es spanni ng amnbi ent pressure. For eRENPE®)7/003281

initial chanber pressure can be above anbi ent pressure
and the final chanber pressure, after

depressuri zation, can be above anbient pressure but

| ess than the initial chanber pressure; the initia
chanber pressure can be above anbi ent pressure and the
final chanber pressure, after depressurization, can be
about anbi ent pressure or slightly bel ow anbi ent

ressure 0057] _The. r.ate nifude,Qf t t on the
%%E%redﬁéﬁﬁsg AR rél%%gé to be an inﬁ%??ant
Aspesteof of het peeseat emdbiodshafx pémifrdfttehavr eheakRion -

t hat. nucl eati, wi |l be jnduced r h ; ;
ARG EBPPP AP B A I TR g pafs, Qepresdifizacion
Al 8& Batd W drati en nBgnidamte diquidprigssuhe drdewiEgl and
be expressed as an_absol ute pressurgo%%gf%chgg

tFhe presiHd P FOPLIPHI FQ™ api%I FPEOpredsire AP pFation
bSobbnal (Rlsolni e pEESSUee. nudlést bohl evathdtiimr possible

nucl eation may be induced upon depressurization
naehapdeuties pFakufFes ﬁ?%‘?e%g‘fr Eeér ézgtléi? %%%nﬂgé%gtm ate
dp2 i ERYa Dl #etleGrls apPhécCatbdppis eithhe presegtilibrium

net hods. The rate of_ pressure drop al,so_pl ays . .
wipOr t affer ol REFE IR pRISENT mé"ccﬁodg.ep §S¥nlert%c}:%?n °x

¢haLacherd zi fend hep hat emat epriessung, drepapsrahionghduring
use of a paraneter, A, where A ain,. i

D ; : DP/D&" A 1cltesl;sre~
depriesahrizat R edtPon FEFPLEB Y Fndited S oP A& Tes of
Angreat e ot haRr8rPhesCihdedordl e seelisasoabautrfades to
psi/sec. Enpirical data through exgerigintation shoul

aind tore- @ onusdepEAPR -t heCBPefTt r BB Br & u"?kéeﬁ?oﬁleé:nfrgisms
@%};@%@ﬁﬁﬁgy & O i £058bnThe frald i tigorxatplfesezing
ght various aspects and features of the .

pnesﬂnki@iﬂig@téggdt@edmﬁﬁgring extents depending on the
nature of the material, its environment and the phase
transition being nucleated.

[0056] The process may be carried out entirely at a
pressure greater than ambient pressure or over a range
of pressures spanning ambient pressure. For example,
initial chamber pressure can be above ambient pressure
and the finai chamber pressure, after depressurization,
can be above ambient pressure but less than the initial
chamber pressure; the initial chamber pressure can be
above ambient pressure and the final chamber pressure,
after depressurization, can be about ambient pressure
or slightly below ambient pressure.

[0057] The rate and magnitude of the pressure drop
are also believed to be an important aspect of the
present methods. Experiments have shown that nucleation
will be induced where the pressure drop (AP) is greater

than about 7 psi. Alternatively, the magnitude of the
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of inducing nucleation in a material and are not to be
taken in a limting sense. Rather, these exanples are
WO bdoos93033 i ve only and the scope of the inventPONUS2007/003281
shoul d be determ ned only with respect to the clains,
appended hereto. EXAMPLES [0059] All exanples
descri bed herein were perforned in a pilot-scale
VirTis 51-SRC freeze-dryer having four shelves with
approximately 1.0 n2 total shelf space and an interna
condenser. This unit was retrofitted to hold positive
pressures of up to about 15 psig. A 1.5" dianeter
circul ar eni to.t 10@ld essure
Hﬁﬁfﬁﬁﬁezgggpyln }%Qn%ﬁérégg@a %% %ﬁaﬁ%?grstalﬁﬁiss
r%ttﬁ&$ tRbin@ ¢t endhegef Pamitshe hbt dal hpbsgd Wife REaFSUTe

i nsul at.i on t r the ba £ tha d that
e?% ﬁ?y% ébﬁgﬁug$ %Fggiw alfgagtuateéﬁzﬁl °
ﬂﬁ&l@&tmehedﬁyabbedﬁdndédsupmmr@eprgssurlzatlon where
sanitaryfittings. One ball_wvalvg al| t PWabout
the oalg lf"rteeez]gra?§}lﬁ8 HRer ghd t%mgggse%fo%ﬁa o
Posi tine paagsupeactfickd lappdiigatThensecofd phe| present

RREHBRE -and TR R el e CERARES p By 1y Blays an

e pressure t

Bhposphati crepadihi abe (frpség) meﬁhod@fr|@maanﬁh©ﬁ of
the freezedryer shel ves an condenser cCOo d
FhararEeR Aith S gyhat ene MVSRER™ T 1A R §§f€m§§‘5ﬁ uee

&80l ed Jay-dridiib €, niat,r ogharsi Ag + hesH?ma:xal r Agaln, it is

NCool (tm) - HX system [ Q060 ol uti

PREPAS |9P%FCPH§%eTB6 lﬁﬁiio% Jﬁﬁf reeze dY?%PeS of
ﬂﬁﬁﬂggiéfo%%éﬂMéhp&@%dixﬂadsbﬁnwas anchcest rabout 0.2
al I” accessible fromthe clean ro le. the oth

Pgﬁﬁ@ﬁ@htsETBEﬁﬁ§alhéﬁﬁﬁ hxeung \ﬁﬁgfy%%%gt%tlgn should
ancgﬁénHHK@%@€¥téQﬁmﬁﬁe Pirde fetnid opsewsnee drop and

prepared with HPLC grade water

rate of pressure drop.

[0058] The following examples highlight various
aspects and features of the presently disclosed methods
of inducing nucleation in a material and are not to be
taken in a limiting sense. Rather, these examples are
illustrative only and the scope of the invention should

be determined only with respect to the claims, appended

hereto.

EXAMPLES

foo59] All examples described herein were performed
in a pilot-scale VirTis 51-SRC freeze-dryer having four
shelves with approximately 1.0 m? total shelf space and
an internal condenser. This unit was retrofitted to
hold positive pressures of up to about 15 psig. A 1.5"
diameter circular opening also was added to the rear

wall of the freeze-drying chamber with 1.5" diameter
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(Fisher Scientific, filtered through 0.10 nm nenbrane)
The final solutions were filtered through a 0.22 mm
woresoniogias prior to filling the vials or |yophi PCRES100T1003281
containers. Al gases were supplied via cylinders and

were filtered through 0.22 mmfilters to renove
particul ates. The gl ass containers (5 niL vials and 60
TPL bottl es) were obtained pre-cl eaned for

particul ates from Wheaton Sci ence Products.

Phar maceutical ly acceptable carriers were used where
appropriate. The above steps were taken to ensure the

tery t%FE%P LxEAMERYY ONabmPBAENMERAW | Cidtough
Srariu %% %r%ﬁ%&?ﬁn ar §£$o? parti%tlates, wh ich act gs
uhic| Lot Fnyaddeirsul {01t A |MaEgg F&OE) fhe back of the

"phar maceuti cal |l y _accept.abl rrjper” i u a
TS VENEE . i S0t SO ot oL BREoxi SLht Seoyaye Pall
FOByEBOSwete  agitanitied preser vaisvesulbeing , it hysapitary

ropyl p - hydroxybenzoate, rbic.acid, ,anti-bacte I
fehiggsant i %g%?l%ggﬁig)’i allonehi #98q&N sf,l%vglh{l#%nthef

{féé&gtagﬁgﬁt SHfmer panaff tRpreafysordemsd¢e. gositive
aolin clay,

entonite, clay drug stahiljzers. (e.
BOESEHrESUNE Ul PhaReig - gefFE‘? FRERRIL b‘iaei_é_‘,’a%‘g;? u%}lowed
caci a5 gehalyd Nowtor Bigt Olehd r agaAcand hirpohyvi ejgbmber and
yrrol i1 done, carboxynethyl- cellul ose, alginate

shekphent s Fpsuge | SORRREE i RESUERFE pof et h??%‘ﬁ?pheric

gb%ﬁﬁ%ﬁcnéﬂ§6nb§9§?t!mhﬁmeﬁéffﬁgéradﬂﬁﬂ-d@athe freeze-
starch, | actose, calcium phosphate, cal cium carbo

at,e, .
digem ¢ e bvesor BRdol CIGRIREY, Wer | P GgEAFLoned | via
%Eg%ulacteita’rh BECeRRla1 Sy CAOINNOS ka@isTed) £luid cooled
uor i

cants, absorption accelerators (e.g., quat er nary

ByQAigiM S abtsyogedi beéngi khe( Expxair MdGgoslf-HX system.
coconut oil ily.esters or _prop %g g-glycol)

; . T a class 100
00&%ni ng BHERER IR | N5 TegeRTSE _
clean room. The freeze-dryer was positioned with the
door, shelves, and controls all accessible from the
clean room while the other components (pumps, heaters,
etc.) were located in a non-clean room envixonment.

All solutions were prepared with HPLC grade water
(Fisher Scientific, filtered through 0.10 pm membrane) .

The final solutions were filtered through a 0.22 pm
membrane prior to filling the wvials or lyophilization
containers. All gases were supplied via cylinders and
were filtered through 0.22 pm filters to Tremove
particulates. The glass containers (5 mL vials and 60
mlL bottles) were obtained pre-cleaned for particulates
from Wheaton Science Products. Pharmaceutically
acceptable carriers were used where appropriate. The
above steps were taken to ensure the materials and

methods met conventional pharmaceutical manufacturing
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coloring agents, fillers, (e.g., starch, |actose,

sucrose, glucose, mannitol) , tabletting |ubricants
W@ 200g/09508gNesi um stearate, starch, gl ucose, |BCT/OS®)7/003281

rice flower, chalk), carriers for inhalation (e.gqg.

hydr ocar bon propellants) , buffering agents, or such

i ke materials and conbi nati ons thereof, as would be

known to one of ordinary skill in the art. [0062] For

the experinmental conditions described herein and al

| yophi lization fornmul ati ons studi ed, stochastic

nucl eation was typically observed to occurat container

enper atur etueen aboute s 80Gaeh - 289Candnucleating

S%E%%%Vﬁ%%lﬁﬁngskharn1as -é%? The contai ners coul d
agmarsal |y be held at tenperatures warnmer than -80C for

Q periads of td L § fout, Rldigi cdNeyonsaiegifable
[l%%%éati o%g%ngsgl?bgg%%\ée}ﬁ "crystal growth (i go _ ,
daraezdng) wasldéesr nkngd bpdt eapér asgrd ur shHefReELon
the point _at which the c ijner jenperature Qutedkddants,
"}er%"r%aseanlgﬁof{é‘ T tog?‘%gséxot erm cél atent heat of
drisd ORvadieesni ti did.en of freezhvy al sexcoul PARPYL p-
visual |y determ ned, through a.sight :ghkass omihe ts,
HXQ%Q%Y%?9€PaEﬁanb§P%hiﬁ. %ﬁblegft- CbntpoHirmf%%%.
el eahban Fespercat, uresdiiftst &gentsepscdid: ol sehRrding
filled with 2.5 nlL of 5 wt % mannitol ion. dYen clay,
3EF €t &8 -Bher P@&ﬁé{ﬁ% fr%%%?ﬁgelﬁgisnﬁgdg't'he W06 oY

BEAPLbhOL eS@LHON dsuappretiiitt=atys - 0250C,. spRitpulauryl
vials were pl aced

on freeze-dryer el f_ i 0SEclatin,
prERIALEY «t F0Te &ﬁﬁ?ﬁéﬁ? ?ﬁégfén% Fa dré@é% f%hesfoafln
¥hahscwere ppaghenetnysi pglywihyde ppunpéddone, carboxy-
t hernocoupl.es. The freeze-dryer, was pressuri Wi t
SPGBHAL GO BIE - [ 00GHO TR T beve. (FORILLRETE vas (°"9
¢9akedet 0 obt@i kvi al digymer at ur e lgk thathesen glycol),

ggg;g@ég?éﬂggﬁ]éégggn?e.g., agar-agar, starch, lactose,
calcium phosphate, calcium carbonate, alginic acid,
.sorbitol, glycine), wetting agents (e.qg., cetyl
alcohol, glycerol monostearate), lubricants, absorption
accelerators (e.g., gquaternary ammonium salts), edible
olils ke.g., almond oil, coconut oil, oily esters oOr
propylene glycol), sweetening agents, flavoring agents,
coloring agents, fillers, (e.g., starch, lactose,
sucrose, glucose, mannitol), tabletting lubricants
(e.g., magnesium stearate, starch, glucose, lactose,
rice flower, chalk), carriers for inhalation (e.g.,
hydrocarbon propellants), buffering agents, or such
like materials and combinations thereof, as would be
known to one of ordinary skill in the art.

[0062] For the experimental conditions described
herein and all 1lyophilization formulations studied,

stochastic nucleation was typically observed to occuxr
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about -2.3C (+/-1C neasurenent accuracy of the

t hernmocoupl es) . The freeze-dryer was then
wale@resw®ss i zed from about 14 psig to about at neSPOs200T003281

pressure in less than five seconds to induce

nucl eation of the solution within the vials. Al four

vial s nucl eated and began freezing i medi ately after

depressuri zation. Results are summarized in Table 1

bel ow. [0065] A's seen in Table 1 , the controlled

nucl eation tenperatures in this exanple (i.e.. Initia

Vial Tenperatures) are quite close to the predicted

t her nod f f h R .
> e@@at:%ES?ﬁS&eéfﬁ%%é‘@%%%%Péa Upedh Rttt s, i Mo

eation to
Qs%ghgﬁ.i ng o %rrﬁ‘aﬂg asgvery traw deghted drs could
COO I ng or nucl eat i1 on ter‘r‘per atures near or onl Yy

ﬁf&ﬁiYyC@bdﬁél&matthempdr&&ura@ wornes. dhﬁn|z&°c for
i a a.l .#.0So0, | ut on A .
1°¢$e§§EF€dBeﬁ#%§%U“%Z§P|Bﬁugefﬁi o [rEﬁ% o of
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freeze-dryexr chamber door.

" Example 1 - Controlling the Nucleation Temperature

[0063] Four separate vials were filled with 2.5 mhL
of 5 wt% mannitol solution. The predicted

thermodynamic freezing point of the 5 wt% mannitol

solution is approximately -0.5°C. The four vials were
placed on a freeze-dryer shelf in close proximity to
one -another. The temperatures of the four wvials were
monitored u:sing surface mounted thermocouples. The
freeze-dryer was pressurized with argon to 14 psig.

[0064] The freeze-dryer shelf was cooled to obtain

vial temperatures of between approximately -1.3°C and

about -2.3°C (+/-1°C measurement accuracy of the
thermocouples) . The freeze-dryer was then depressurized
from about 14 psig to about atmospheric pressure in
less than five seconds to induce nucleation of the
solution within the wvials. All four vials nucleated
and began freezing immediately after depressurization.

Results are summarized in Table 1 below.
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solution is approximately -0.50C . The ninety-five

vials were placed on a freeze-dryer shelf in close
Wee@sj9iosy to one another. The tenperature of BCURUS1081/@03281

positioned at different |ocations in the freeze-dryer

shel f was continuously nonitored using surface nounted

t hernocoupl es. The freeze-dryer was pressurized in an

argon at nosphere to about 14 psig. The freeze-dryer

shel f was then cooled to obtain vial tenperatures of

near -5C. The freeze-dryer was then depressurized from

about 14 psig to about atnospheric pressure in |ess

%%' ve aecgggﬁ kﬁ fduce puclrat behtebihka saleléPion

the Vi ninety- five vials were VISU&|L¥
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al so denonstrates scal ability of LRe.present method to
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[psi] Qu,RO008 dt%Ghanditol. 5 Migo®f 5 WE.8% manni el Ar goNucleation

- 422 14 IVac bfsattiatendita?. 5 AMgowf 5 wit-9% manni iél  Ar gojucleation

- 434 14.3Nokbiawthionengite® . 5 mgorof 5 w@% manni Argoﬁ““‘e*‘“ﬁ011

- 446 14-NokpSaytiiopenaitsd. 5 nni t % Ar goneieaten

4.4 14 Nucl eat'f®n" SC?“%ll‘?ﬁ_the]% %a\/\ff'bj manni rteol Ar gon

-4.6 14 Nucl eation

Example 2 - Controlling the Nucleation Temperature
foo66] In this example, ninety-five vials were
filled with 2.5 mL of 5 wt% mannitol solution. The

thermodynamic freezing point of the 5 wt$% mannitol

solution is approximately -0.5°C. The ninety-five
vials were placed on a freeze-dryer shelf in close
proximity to one another. The temperature of six wvials
positioned at different locations in the freeze-dryer
shelf was continuously monitored using surface mounted
thermocouples. The freeze-dryer was pressurized in an
argon atmosphere to about 14 psig. The freeze-dryer
shelf was then cooled to obtain vial temperatures of
near -5°C. The freeze-dryer was then depressurized from
about 14 psig to about atmospheric pressure in 1less
than five seconds to induce nucleation of the solution
within the wvials. All ninety-five vials were visually
observed to nucleate and begin freezing immediately

after depressurization. Thermocouple data for the six
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6 2.5 nL of 5 wt% mannitol Argon -5. 1 14 Nucl eation

Table 2. Controlling the Nucl eation Tenperature.
waEx@md®38B - Controlling the Depressurizati on MIyOsi00Te3281

[0068] In this exanple, nmultiple vials were filled

with 2.5 nL of 5 wt% mannitol solution. Again, the

predi cted thernodynam c freezing point of the 5 wt%

mannitol solution is approximately -0.50C . For each

test run, the vials were placed on a freeze-dryer

shelf in close proximty to one another. A s with the

earlier described exanples, the tenperatures of vials

aﬁﬁft&?aat Qri80 415EDEF SUREACE HOUR 8dal hemeasup #%.  The

e argon atnosphere in the freeze-dryer was

peesitsi zee tsolmar’lfje?¢<ﬂaglﬁr”é§§’éﬁe§ -and t he

Faggﬁ dryers sheld.vas gooled, to ot Aoyial  nucleation

enper at ures of about -5C. In each test run, the .

teeperatuyers watnt hehisapiattgmplee, (ij-&- /| esknifipl  Vial

bLNBesgronds)) depiassurdgad,ALOm the) 56 ectad Presedieced

QFﬁS‘ eri'c pressure 1n an effortto induce

ﬂhéh:eaﬁrymramfc theespingi priwtt G the sehrsioresulfhys the

are sunmmari zed n_ be3 9]

PrEREY 0N 3:3 éid Rucl |gr?l%%goﬁlrré§§v\%gfé; h%c-ﬁ%@t%&l £

peessurim CH%@DuMsn&bdulrtat? hEsve op gpei@x@rtem@egﬁ@e of sub-
nucl.eati o er at ur

enp e ( | lability of
Fé’r‘?&éﬁ"zﬁ ur l')l fa S EIR V:\Lleeené]é =¥ fiéﬂftn%ravﬂ sca ability o
khict pdedbrad Meessdr eocJb/ erp:rlgsl&pjpfs aporl ahﬂpgepaw@ﬁ
At nos Tenperature Drop Qutconme tC] [psi] 1 2.5 nL of 5

wt % nmanpi tol Argon -4.7 7 Nucl eahitarvia 2. §rerrL of B W zation
maani t ol Argcsoluadia 1 7 Nuclagaws | orfeBpe@tul: i,

o 0 Qutcome
manni t o] 3 Nucl eat| on 4°3.5 ni_ qf "5 wt Yonucteation
marni t ﬁiﬁ% Bt leations5 2.5 nis of 5 Wabfeation
manni t spﬁi@@m% Brarkaitol NUC|AB@EI on 643.5 nl_ otf4 5 Wt %Nucleation
mamnl t 01.5 Bl G 1Wt% Bar@itof NUC|A6@'[‘I on 44 Nucleation

2.5 mL of 5 wt% mannitol Argon 4.6 14 Nucleat!on
6 2.5 mL of 5 wi% mannitol Argon -5.1 14 Nucleation
Table 2. Controlling the Nucleation Temperature.
Example 3 - Controlling the Depressurization Magnitude
fooé68] In this example, multiple vials were filled
with 2.5 mL of 5 wt% mannitol solution. Again, the

predicted thermodynamic freezing point of the 5 wt%
mannitol solution is approximately -0.5°C. For each
test run, the vials were placed on a freeze-dryer shelf
in close proximity to one another. As with the earlier
described examples, the temperatures of vials were
monitored using surface mounted thermocouples. The
argon atmosphere in the freeze-dryer was pressurized to
differing pressures and the freeze-dryer shelf was
cooled to obtain wvial temperatures of about -5°C. In
each test run, the freeze-dryer was then rapidly (i.e.,
in. less than five seconds) depressurized £from the

selected pressure to atmospheric pressure in an effort
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7 2.5 nm of 5 wt% mannitol Argon -5.4 6 No Nucl eation
d 2.5 n of 5 wt% mannitol Argon -5.7 6 No Nucl eation
w@2@7693083 of 5 W % mannitol Argon -5.8 6 No NurPCEHS$100T003281
10 2.5 nL of 5 wt% mannitol Argon -5.1 5 No Nucl eation
11 2.5 nL of 5 wt% mannitol Argon -5.4 5 No Nucl eation
12 2.5 nL of 5 wt% mannitol Argon -5.5 5 No Nucl eati on
13 2.5 nL of 5 wt% mannitol Argon -4.7 4 No Nucl eation
14 2.5 nL of 5 wt% mannitol Argon -5.1 4 No Nucl eation
15 2.5 nL of 5 wt% mannitol Argon -5.3 4 No Nucl eation

Table 3. Effect of Depressurization Magnitude Exanple
e~ 1 SR0LL OhlLAL L Degs e2aur istatitombiRakes i 00 e Fofals.
[ xarmpl'e, multiple vials were filled with about 2

Rz ullt ©fabe wsttnmamiizes igolTrY R having a predicted

tqiFd P IYNagL cLEGR NG 01 D1 5 Of c ABPEBKEGRNEI dadlibat ion

ach 83t Sran varyl ng depressurization tinme,

ddeumied s wienee placedpoasautreakecnlr y&@s shBPLL n7 cPEde ©F
proximty to one another.. | tha lier e
%"e%f%??’ﬁegm&_aﬁgFegfu? e %@pe\ygﬁrees of Vi a(ﬁ's'ev\'/ér goieial

0 t 08 ffe Y8l RE U AL pewasrdabbarnmpaauficeend i 8°C.
:he ?bove-dgscrl bed exanpl es, the argon atnosphere in

e freeze-dryer was pressurized . ut sig and
t\pg shel f wag cooled to oltain v-'ggl ;é,t?%gg)e?réﬁl?es gjressurization
appfoxi mat el Y- 5C. In each test rumcithe [osi] Outcome
f r pezeq@rniedpsamsdhanidiepr esgar i zed -av di ff efent Nucleation
depr esasmilzatsivarh manes fr omechd psi gSdo at nodpher i cNucleation
pr 2ssureé mlpofgrvtifhapitolt o iAgRfce nuct-eation (;f t he Nucleation
sofs‘ ut i gr?rv&?grgi"t‘ﬁ/‘t’ﬂ”é‘"m olal s.A; V071] Tgestudy the efelglogﬁietla;fn
of de-p %%%JEHSZ A‘lrrg:ﬁmgo%te o?[rg epr ess_y.gi zat i on ti Me, Néleation
regtrl {0015 e WG Wasypiaced apathe outsl et Offo Nideation
depr essW hZats Wk aonitslol vabae at thg rear &f theNoNucleation

f r eeze2tiryesf 5 wivhesmntidle r espon ct i ngS¥al ve | $ No Nucleation
CO:‘ELetL;teg %LL oiﬁe\ntﬁ :’;» ldergggss urArgert i on fﬁ@tm aboutg 14 pg? E“ciea:fm
to ol § ma onpl A% ¢ -5, o Nucleation
12 2.5mL Ef%S gtt% mannitol al ir%ﬁlbd n -5.5 5 No Nucleation
13 2.5 mL of § wit% mannitol Argon -4.7 4 No Nucleation
14 2.5 mL of 5 wt% mannitol Argon -5.1 4 No Nucleation
15 2.5 mL of 5 wt% mannitol Argon -5.3 4 No Nucleation

Table 3. Effect of Depressurization Magnitude

Example 4 - Controlling the Depressurization Rates

foo70] For this example, multiple vials were filled
with about 2.5 mL of 5 wt$% mannitol solution having a
predicted thermodynamic freezing point of approximately
-0.5°C. For each test run of varying depressurization
time, the vials were placed on a freeze-dryer shelf in
close proximity to one another. As with the earlier
described examples, the temperatures of wvials were
monitored using surface mounted thermocouples. Like the
above-described examples, the argon atmosphere in the
freeze-dryer was pressurized to about 14 psig and the

shelf was cooled to obtain wvial temperatures of

approximately -5°C. In each test run, the freeze-dryer
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approximately 2.5 seconds. By only partially closing
the restricting valve, it is possible to variably
w0 p@ree®as t he chanber depressurization tinme. WBCHYS100T003281
restricting ball valve, several test runs were
performed with the freeze-dryer chanber depressurized
at differing rates to ascertain or determ ne the
ef fect of depressurization rate on nucleation. The
results are sunmarized in Table 4 .Initial Vial
Pressure Vial Tinme Depressurization # Sol ution Atnos
Terrperature Drop utcone [ C] [psi] [sec] O1 2.5 nL of
mannit ol 6 14 cl gapr@t i fation
%ﬁw%%ﬁﬁfs%ghﬁd%oﬁ]ﬁ 5?1%9{%9??8% No Rucl eation_ 3
z%tfemtfﬂﬁm SLav Pegniict Gitwespirer £ goxgsgpgeNngn an effort
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fdo7l4 2000 Nethidst eiaheoefﬁeZtS ol @épseﬁﬁ%rmlm rate
Argon -5.4 14 200 No Nucl eati g wt
%n‘ﬂ??’é?sﬁ}‘ﬁ& % & 19960 ﬁoq%uctl aat 1 on 8535% v{gl‘fe 5 o
;\Ma/&é@nrdiri otnhéar gﬁm:létZdﬂ ﬂ:ﬁé Nepessarigatdon scaptrol
5 wt% mannitol Arg 14_.100_No eatio
abont o SR cTRARL LG p}.‘-la% £509b0aFHEREA Mt che
N:'QE%@Ethﬂgl Vhidd ik aforp Mt mnapeol, Nreg@nesguqlgatlon
60 No Nucleation 12 2.5 %rra .
fson gbosy Nt NB@P@at‘?%nnl;Egug g) M=ot ?ccﬁ‘ﬁ;ﬁf ed in
ApPeBxirateld 5. Ho Mindend j on B4 &Bynpao:ftﬁaml% clos:.ng

mannitol Argon -5.3 14 50 No Nucl eat i on. 1
shet WFRERALCSITIR gdf LS9 14 50 N0 BT 5T Fon %Gr%ag&ably

%c‘;}teaée\M Yo dBRRMe AT gepreSstiritatAdio NioksatPehng7 the
n. of 5 vvt%mannltol Arg

N&@Itéf&tqtéﬁlgw bading BRISSL o6 ERRTEDI A?%%P ke Sy

%% NG egt £ an thife 2 £fr-dd=Diab e Yehamnticn| dApgessurized
1 14 32 Nucleation 20 2.5 ni of 5(}{\:t%mann|tglh
Artgoli £ r7ing) wtagcEea@sgsrtain or termine e effect

of depressurization rate on nucleation. The results

are summarized in Table 4.
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2125nm of 5w%nmannitol Argon -5.6 14 32

Nucl eation 22 2.5 nL of 5 wt% nmannitol Argon -4.7 14
waooedoant i on 23 2.5 nmL of 5 wt % manni t ol Ar geer/uS2087/003281

14 13 Nucleation 24 2.5 nL of 5 w % mannitol Argon

-5.5 14 13 Nucl eation Table 4. Effect of

Depressurization Time [0072] A's seen in Table 4,

nucl eation only occurred where the depressurization

time was | ess than 42 seconds, the pressure drop was

a_bout 14 psi or greater and the nucleation tenperature

(i.e., initial vial tenperature) was between about -4

.6C and about -5.8C. These gegthdis p,gg{,,@at t hat_t he
Viatlepr eSSULjzal i 0N Neeggnds0 Pénppaaepl beped at ive ef{sunzanon
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gt hey shif bes ®i% mb86l I WBgon t he gas at nodpher d0Pn t A¥e Nucleation

of I eE¥RE.df Yot wamitlar ieghnal way$- 2mau nt athi ng ! °pos|g N‘&Ieam“
100r essmblef @fvt"/amtoll4 Ag%qng | n t hl s ex | e, ucleation

1 g }i‘jrp No Nucleation
gg%%@%? nmtol v@g ool ed” to obt aip Vi ago No Nucleation
1 % EJﬁat ely. 5'15C to 14C. | po eachNd W&deation
4 UNy s e (v@)@&% BlyerA:gaﬁ t hem.ar api dl y4 depr 88 sur i Meljucleation
15‘ r ofrs @b wibd masiitgl t AArgénmosphekd ¢ preddure W] an N°N“°1‘3a“°“
1@f f 16 mLtod5 Wit memnitaluc | Araen on of5-4 he sollfit | on | h% eation
l’m ap.§ MLTHE Wegupitel ardsednmar Izkd in abl e TReaen
Pl ﬁg P gpppito orﬁ’?’?ﬂ | ed I eat 2 cleation

%l | 23 éE milto f] ati QQ occgﬁred |ﬂucleatlon

5 exgept forshel i umgas abpoSpheNecleation

2hheb8 i s m‘ﬁ%ﬁ%@l dr ootvas abneit 14 psi and2 Nucleation
22 2.5 mL of S wt% mannitol  Argon -4.7 14 13 Nucleation
23 2.5 mL of 5 wi% mannitol ~ Argon -5.3 - 14 13 Nucleation
24 2.5 mL of 5 wi% mannitol ~ Argon -5.5 14 13 Nucleation

Table 4. Effect of Depressurization Time

[0072] As seen in Table 4, nucleation only occurred
where the depressurization time was less than 42
seconds, the pressure drop was about 14 psi or greater
and the nucleation temperature (i.e., initial +vial
temperature) was between about -4.6°C and about -5.8°C.
These results indicate that the depressurization needs
to be accomplished relatively quickly for the method to

be effective.

Example 5 - Controlling the Gas Atmosphere

[0073] Again, multiple vials were each filled with
about 2.5 mL of 5 wt% mannitol solution and placed on a
freeze-dryer shelf in close proximity to one another.
As with earlier described examples, the temperature of

the test vials were monitored using surface mounted
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t he nucl eation tenperature (i .e , initial vial

tenperature) was between about -4.7C and about -7.4C.
WQ@\RGonoeys3 not shown in the exanples, it is bel P&rEs2007/003281

that alternate conditions will |ikely enable

controll ed nucleation in a helium atnosphere. Initial

Vial Vial Solution Atnpbs Tenperature Pressure

Depressurization # Drop [psi] Qutcone [OC] 1 2.5 nL of

5 w% mannitol Argon -4.9 14 Nucleation 2 2.5 nL of 5

wt % nmenni tol Argon -5.2 14 Nucleation 3 2.5 nL of 5
vvtgfrmnn!:o: “@trogen -4.7 14 Nucleation 4 2.5 nL of 5

0 manni i tr n.o 1 t] 5 mL
txa%%%%ﬁl?gFSXenogg?4.t§?%4d %Cflgggtrﬁ%ntggg. 5&1”1% of tgfe "gas
aﬁxﬁ/ééﬁméo: iXenarhe 5. Orédzudirarant orwds 2. Fagiest plways
Y% mapnitol Ar -7.4 14 Nucl [ ONeS f st O

T A DR APy & FO 1S KEPRRE S s R Brvbrs . P
HRMW teBlatiel éyUm £he 8 fAdedioe Ndcheat | sheld@ 2wBsniceplsd to
wt % nmanni tol Helium-5.5 14 No Nucl eation. TablLe.5 o
G tn Uﬁa@aslﬁmﬁﬁ)’é%tﬂé?%swﬁpé‘ﬁ%%@%%Ye'% S Egr je7 c-
10! Wi S0k on2uh0075e | BAdude RXApDEC watl X then rapidly

yophi 11 zation botfles (60 nl capacity) were filled .
aepheaboyti z80 Nl fHPM5 i ni L8l P offhavi HgEPRETC

redigied Eperggdygfgbgtfr€8?|ﬂﬁdﬁ@énthEleation of the

pproximately -0.50C . The six_|yophilization bottles.
seletpbaced Wrim theerdadsrer TReI KPS Dr BYTRALY 2°<
%Iq_ gne.an her. The tenperature of six bottles

0s

itioned at different locations in the freeze-dryer .
gher#lvas roni t cremh usithpERitace ®RRRFeyled nucleation

e R e T e e e
shelbples-¢ hdreceotbe pyesstaien dise |was about 12 psi and
the nucleation temperature (i.e:, initial vial
temperature) was between about -4.7°C and about -7.4°C.
Although not shown in the examples, it is beligved that

alternate conditions will likely enable controlled

nucleation in a helium atmosphere.

Initial Vial

V;:l Solution Atmos Tem{;;cg;xturc ]§r 1:;5[1]1; sei] Depéests:;znztxon
1 2.5 mL of 5 wit% mannitol Argon -4.9 14 Nucleation
2 2.5 mL of 5 wt% mannitol Argon -5.2 14 Nucleation
3 2.5 mL of 5 wt% mannitol  Nitrogen -4.7 14 Nucleation
4 2.5 mL of 5 wt% mannitol  Nitrogen -5.1 14 Nucleation
5 2.5 mL of 5 wt% mannitol Xenon -4.8 14 Nucleation
6 2.5 mL of 5 wt% mannitol XKenon -5.0 14 Nucleation
7 2.5 mL of 5 wi% mannitol Air -7.4 14 Nucleation
8 2.5 mL of 5 wt% mannitol Air 1.2 14 Nucleation
9 2.5 mL of 5 wt% mannitol Helium -5.8 14 No Nucleation
10 2.5 mL of 5 wt% mannitol Helium -5.5 14 No Nucleation
Table 5. Effect of Gas Atmosphere Composition
Example 6 - Large Volume Solutions
[0075] In this example, six lyophilization bottles

(60 mL capacity) were filled with about 30 mL of 5 wt%
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tenperatures of near -5C. The freeze-dryer was then

depressurized from 14 psig to about atnospheric
w@e@3®esoa3 i n | ess than five seconds to i nduce PCT/US2007/003281

nucl eation of the solution wthin the bottles. The

results are sunmarized in Table 6 . [0076] In a

separate experinment, a plastic bulk freeze -drying

tray (Gore LYOGUARD, 1800 ni capacity) was filled with

about 1000 nL of 5 wt % mannitol solution. The tray was

obtai ned pre- cleaned to neet USP | ow particul ate

requi renents. The tray was placed on a freeze-dryer
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efef i cReY @1 thbeodepsasisim i zaid ohomefllesd t Bhienprevelas are

formul ati on vol UTTE i ncreases, because the nucl eation
evemayZeprin Table ©.

[0076] In a separate experiment, a plastic bulk
freeze-drying tray (Gore LYOGUARD, 1800 mL capacity)
was filled with about 1000 mL of 5 wt% mannitol
solution. The tray was obtained pre-cleaned to meet
USP low particulate requirements. The tray was placed
on a freeze-dryer shelf, and the temperature of the
tray was monitored by a thermocouple mounted on the
exterior surface of the tray near the center of one

gside. The freeze-dryer shelf was then cooled to obtain

a tray temperature of near -7°C. The freeze-dryexr was
then depressurized from 14 psig to about atmospheric
pressure in less than five seconds to induce nucleation
of the solution within the tray. The results are also
summarized in Table 6.

[0077] Like the above-described examples, all
containers nucleated and Dbegan freezing immediately

after depressurization. Also like the above-described
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i kely to occur when nore nol ecul es are present to

aggregate and formcritical nuclei. Container Solution
w@\eewom9shanper at ure Drop DepOreust scuor m zeat i oPCT/0€3007/003281

tpsi] Bottle # 1 30 nL of 5 wt% mannitol Argon -5.3 14

Nucl eation Bottle #2 30 nL of 5 wt % mannitol Argon

-5.1 14 Nucleation Bottle #3 30 nL of 5 wt % nmannit ol

Argon -5.9 14 Nucl eation Bottle #4 30 nL of 5 wt%

mannitol Argon -5.2 14 Nucleation Bottle #5 30 nL of 5

wt % manni tol Argon -5.9 14 Nucl eation Bottle #6 30 nL

of 5 wt% mannitol Argon -6.1 14 Nucleation Tray 1000

nL of, 5 wt % ' Niz e eatiian , Tadrec Hiner
PN B ‘-S%Eﬁtqﬂ%f%%ﬁgn% gﬁg\p%orﬁﬁ:ai ner ii\lﬁ;ype Exampl e 7
Tenmeiur&edl | ngryv sthiBqui EFBFERIE] COBIiRg [0RF8] much

The present nethods _of i pgRuchepd | Ah&aho amic
qg&f‘?ﬁ%ﬁ#?ou “nodés. Séﬁgtﬁ%%lgs %—6, descri bed abo(%?%r,1
Basdy egopsainpatra thhe ashedte ofobohiPel-| MRye hgnportantly,

nucl eation_te rature of opyLl i j LeN
G ?%a‘ﬁgégngia WSSF%%%?%%?% egﬁgt bg:%:éggp&eﬁg%%%@ allows
behowbit of hendynateatficeeztag poiwt (in elargey volume

slow y changing tenperature).. Thi | e hould b
srehphsPrar 88% g’aﬁr r%‘&‘f’ e%??%%“@gﬁ & s?gréggcgg'ur at“a® " ©
Lerpar atuse belaw thieulder arggnani ¢her eezf figepovnt ofn the

a dynam c cooling environnent (i, e ut | ' :
@ﬂEé?ﬁéPﬁ@%?}gchﬂﬁﬁéggi n ttoenplérr%%%:ﬁtffg) .510%07&589111{.1?% Fen
1Bl SmeX 3Rl sayé ] Sbidbhseugihd neplesshon Rverpplgsmore
descri bed above with reference to Ex e I
adbetvontot Hreg Sep4rate Wt s "(C%Teacflgfg% 9)£rv\%r éﬂf AT i
Ehbled e hirda 5t EmObrbrtid maniiltedl . sol ution. In a
séparate test run, the three addi}jonal vipégsﬁmwegae -

| aced on a freeze-dryer s | RafibddaGe PI @fbgN T Peprg3surzation
Eﬂ’éa‘%\eﬁot her . fﬁlélé?"r eeze- dr)t/lgll?gsshglef o@psecoq{;ﬁg r api ™
LOWRLES 18 il J#8lwis hghdicl enperghur e ofs3-45C. When onBuddation

Bottle #2 30 mL of 5 wt% mannitol Argon -5.1 14 Nucleagon
Bottle #3 30 mL of 5 wt% mannitol Argon -5.9 14 Nucleatgon
Bottle #4 30 mL of 5 wi% mannitol Argon -5.2 14 Nucleatfon
Bottle #5 30 mL of 5 wt% mannitol Argon -5.9 14 Nucleatl'on
Bottle #6 30 mL of 5 wi% mannitol Argon -6.1 14 Nucleatgon

Tray 1000 mL of S wt% mannitol ~ Argon -6.9 14 Nucleation

Table 6. Effect of Solution Volume and Container Type

Example 7 - Dynamic Cooling vs. Equilibrated Cooling

[0078] The present methods of controlling nucleation
can be used in various modes. Examples 1-6, described
above, each demonstrate the aspect of controlling the
nucleation temperature of a lyophilization solution
that is essentially equilibrated at a temperature below
its thermodynamic freezing point (i.e., very slowly
changing temperature) . This example demonstrates that
nucleation can also occur at a temperature below the
thermodynamic freezing point in a dynamic cooling
environment (i.e., the solution is undergoing rapid

changes in temperature) .
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the vials reached a tenperature of about -5C as
nmeasured by the surface nounted thernocouples, the

w0 p@emnesody yer was depressurized rapidly from abonusigr/o03281
psig to O psig in an effort to induce nucleation. A
three vials nucl eated and began freezing i medi ately
after depressurization. The vial tenperatures
decreased significantly to between -6.8C and -9.9C
prior to nucleation as a result of the dynam c cooling
envi ronnment. Conparative results are summari zed in
Table 7 below. Vial Solution JVIOQC Nucl eati on
Pressure ressuri ' # Cl | B Quiigent
1905733 1y ?r?st@%% r‘?é‘%tﬁﬁlg%o% ’ Egﬁ. %brla?érg&%% 14

tNeC| et D852 d2somibed Bbwvis rehnit ole fRgAnGdr EPedixample
-4.4 14 Nucl.eatio

) 3 2.5 ni of ) npi _
2EqUFRi BASEEGOM, Gé]]iﬁeﬁu cﬁegzi—’flfaotné 4%5‘3%@% %é’jss Wt7%9) were
ST £0l 1 Eguivk thr at ed mid .of 13 Wk | mahndpod BHuHigt- 5 In
wt % manni t ol Equi | i brat

ed -4.6 14 N .eat | 6
2of SEPREIH-RarfF T bl rEﬁuanFat & PR Ovdaig twere
A fdd oh 5 Wekdmnidsley BarlE - $n8 dbsticheatiion & to
2.5 nm of 5 wt% manni t ol namc : 14 Nucl i O :
M amobhes - w Ffarfhtvie %ﬁ?cspﬁ}% ffﬁ@iﬁéggédﬁagldly
Tabl 54 5T e gb uRPenayn ¢ 450 i 'heét) one of
%&% 5% i%n%ﬁéggb%ﬂ#%gfg$%§%§€y gf t he present nEthozz
di9e ceru16l | iagehedl eat i bamprrhyoptd | iofat EHPWol utS 6ns @8

equi librated in a given tenperature,r th
m?%ﬁﬁFFﬂzaPYontQSIu?Pﬁ%@qﬁﬂI%f%ﬁﬁﬁﬁnca jgé%ngé?s' ©

provi-dearibe epdsusdspréssuiieegot eapidlynotiegm about 14
of application with different benefits an de- S. al1
B9a| 561 1y S| YBpAR (SATTh C81 tTe (porireons: A
Eﬂklielai bral Be theTeged ofaric beatsiron frempénat uivmediptely
e narrow or mnimzed to kgevggiﬁq{nance [im

@ﬁéeﬁrégpggﬁﬁﬂﬁlzathn. T emperaturegsdgtreased
significantly to Dbetween -6.8°C and -9.9°C prior to
nucleation as a result of the dynamic cooling

environment. Comparative results are summarized in

Table 7 below.

Vial . Mod Nucleation Pressure Depressurization
# Solution ode Termp[°C] Drop [psi] Outcon:xe
1 2.5 mL of 5 wt% mannitol  Equilibrated -4.2 14 NucleaQon
2 2.5 mL of 5 wt% mannitol Equilibrated -4.4 14 Nucleat{on
3 2.5 mL of 5 wt% mannitol Equilibrated -4.6 14 Nucleaqon
4 2.5 mL of 5 wt% mannitol Equilibrated -4.4 14 Nucleat%on
5 2.5 mL of 5 wi% mannitol Equilibrated -4.6 14 Nucleaqon
6 2.5 mL of 5 wt% mannitol Equilibrated -5.1 14 Nucleat{on
7 2.5 mL of 5 wt% mannitol Dynamic -6.8 14 Nucleat{on
8 2.5 mL of 5 wt% mannitol Dynamic -7.2 14 Nucleat{on
9 2.5 mL of 5 wt% mannitol Dynamic 9.9 14 Nucleation

Table 7. Test Results — Effect of Dynamic Cooling on Nucleation

[0080] The efficacy of the present methods for
controlling nucleation in lyophilization solutions
equilibrated in a given temperature range or
lyophilization solutions being dynamically cooled,

provides the end-user with two potential wmodes of
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itself. The equilibration step may require extra tine

to achieve relative to conventional or dynamc
w0 e@emd3ee pr ot ocol s where the chanber and vi al PCT/US2007/003281

tenperatures are dropped to | ess than about -400C in

one step. However, enploying the equilibration step

shoul d yield nmuch inproved nucleation uniformty

across all vials or containers as well as realization

of the other benefits associated with precisely

controlling the nucleation tenperature of the materi al

. [0081] Alternatively, if equilibrating the materi al

or_.l.yophi lization j t r | $rade-offs. B
a@?&@scfaftalb?%,w%gg ﬁ?a?#%yﬁp y 1np e%%ﬁt s?ﬁe% . Y
adapessyr khat | byoshipiabtdaerapprdptisere t e e@piliprate.,

the normal freezi.ng .or dy ' I 058l narrow or
s rERRET 24t T IR TR aggy %rﬁ%g%cfoo ‘g%% gviel I
BrodkiCeea vbdehespeedbrmmmue| banids eénydeatiyeaz g viryer
the material within . the Lyophilization . aln ;
i3 Rdd O REU T T Th Phe SFF&??‘%% E%%tﬂgggl %gﬁ:dré%%me
st i ddhabl-ewrenattigenitid gatreveheipnedl ens dnaayiq dipeezing

sub-cool i ng.. Exa e 8 - Effect of Diffe

BRI PFents V‘[}m?ﬂfﬁe it ﬁ’\lélt%ho"(’all%1fr 5::%% S5 g or T
ép%gﬁgtguqle%%t 19 NeBoliBt erigat 6an diRe usesb t 0 However,
control the nucleation tenmperature of sub-cqoled . . h
sobLovong coheai ARG ldRRd iR | SoPRi | PBAEIGn Yield muc

J?r)((lCirgiv?ﬁtSn Zgie%t?LW'ﬁi%@fH&{zat&&rbbg uselof vikes or
pr%sen methods With the foll ow ng excipients: b fits
cmnhatiokrshydr wwelel e starth2aHESP OhdtRRAyRehePenett
Lycol: _(REO) i ROl ¥¥LBYLRY F ebhdera 1GR) theéexhtidleation
: it e )
%Fé&crllea; {agrgl to ;gsucr osc_a%r and trehal ose. For each
extppiremtyret wif Vit snaleeeifill-led with 2.5 nL of a
iglpé Lon caontalni '5&9‘3/0 qfe tDELEXGHRI®Ag THiEe Vindk®rial
| aced™on a Treeze-dryer shelf in close proxw_nt)g
be apemndiieatidihesblebioty fe@mperatures 18 undeS}ra le,
one may simply implement the depressurization step at
an appropriate time during the normal £freezing or
dynamic cooling protocol. Depressurization during a
dynamic cool down will produce a wider spread in
nucleation temperatures for the material within the
lyophilization containers, but will add minimal time to
the freezing protocol and still allow one to mitigate

the problems of extreme sub-cooling.

Example 8 - Effect of Different Excipients

[o082] The present method of controlling or inducing
nucleation in a material can be used to control the
nucleation temperature of sub-coocled solutions
containing different lyophilization excipients. This
example demonstrates the use of the present methods

with the following excipients: mannitol; hydroxyethyl
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was pressurized in an argon atnosphere to about 14
psig . The freeze-dryer shelf was cooled to obtain
wo p@r/eeper at ures near -30C and then depressuPCRES2007/003281
rapidly to induce nucleation. Results are summarized
in Table 8 . Initial Vial Pressure Vial
Sol ution/ Exci pi ept At nos Tenperature Drop
Depressurization # [C] [psi] Qutcome 1 2.5 nL of 5 W%
manni tol Argon -3.3 14 Nucleation 2 '2.5 nL of 5 W%
manni tol Argon -3.0 14 Nucleation 3 2.5 nmLof5 wt %ES
Agggnlf 1 14 Nucleation 4 2.5 nLof5 wt % HES Argon
ati 5
TS| DS 5. SPALAPSTEOBEG A Gon 3. 414 Rucl cathon .
Skl iMohs (PYPYP Aegtrars. BUMCKNIE) eGOFER TP SUATOSS/

wt %2VR Ar gon 2. 0
adlé:ft FEEIRHG oneq-4 OET% l\ﬁc{élﬁat%%%&%%e%té rSrEng O{Er)l%?}g e

ﬂ:llemé@nwmtgom :3. fiLldoMNusl emtliwnion zontRingmg ft ¢t of

yci ne, Argon -3 14N cle f A
%Teyc‘?’ﬁ‘élwgﬁ‘ﬁ STSI Mnﬁluﬁ e‘g‘%#%ﬂp%é %dg ﬁ agff;éé&eo;)dryer
SUDit oh AFgese - BréxihiNyc|sat por Bhetient oflhs wfyseze-

sorbitol Argon - Nucl eat| 5 %
AR Hs VA es%uﬁlﬁéNua e&t'i 6n 2§§éﬁ§£’h§ ke % dbout
BHUCHRSE Ar g0he- Irdell Nicjeant stelE7 @as mQOéiedS mwbtaln

trehal ose Argon -3.7 14 Nucleation .5 m_ of 5
viahal DEBPATGENTES 1 NEAN\UCT AL | G ab"r B RS ?%ﬁzed

%%{L &&nttéy%ﬁahhbzq{d@fbgggbﬁl entReExafpl &r® - summarized
rofFling Nucleation o f Protein Solutions [0083]
TheTpbdse®- met hods and system di scl osed herein can be
used to control the nucleation

ial Initial Vial  Pressure

V;: Solution/Excipient Atmos  Temperature  Drop Depgsts:;rxrzleeltlon
eCl [psi]
1 2.5 mL of 5 wt% mannitol Argon -3.3 14 Nucleation
2 2.5 mL of 5 wt% mannitol Argon -3.0 14 Nucleation
3 2.5 mL of 5 wt% HES Argon =31 14 Nucleation
4 2.5 mL of 5 wt% HES Argon -3.7 14 Nucleation
5 2.5 mL of 5 wt% PEG Argon -3.8 14 Nucleation
6 2.5 mL of 5 wi% PEG Argon -34 14 Nucleation
7 2.5 mL of 5 wi% PVP Argon -3.5 14 Nucleation
8 2.5 mL of 5 wt% PVP Argon -3.3 14 Nucleation
9 2.5 mL of 5 wt% dextran Argon 4.0 14 Nucleation
10 2.5 mL of 5 wt% dextran Argon -3.1 14 Nucleation
11 2.5 mL of 5 wt% glycine Argon -3.8 14 Nucleation
12 2.5 mL of 5 wt% glycine Argon -3.9 14 Nucleation
13 2.5 mL of 5 wt% sorbitol Argon -3.6 14 Nucleation
14 2.5 mL of 5 wi% sorbitol Argon 3.4 i4 Nucleation
15 2.5 mL of 5 wt% sucrose Argon -33 14 Nucleation
16 2.5 mL of 5 wi% sucrose Argon -34 14 Nucleation
17 2.5 mL of 5 wi% trehalose Argon -3.7 14 Nucleation
18 2.5 mL of 5 wt% trehalose Argon -3.1 14 Nucleation
Table 8. Effect of Different Lyophilization Excipients
Example 9 - Controlling Nucleation of Protein Solutions
[00831] The present methods and system disclosed

herein can be used to control the nucleation
temperature of sub-cooled protein solutions without
negative or adverse effects on protein solubility oY

enzymatic activity. Two proteins, bovine serum albumin

[

37



tenperature of sub-cool ed protein solutions wthout

negati ve or adverse effects on protein solubility or
wepeynoetdx activity. Two proteins, bovine serupeT/US2007/003281

al bum n(BSA) and | act at e dehydrogenase (LDH) were used

in this exanple . [0084] BSA was dissolved in 5 wt%

mannitol at a concentration o f 1 O ng/nL. Three

| yophilization vials were filled with 2.5 rtiL o f the

BSA- mannitol solution and placed o n a freeze-dryer

shelf in close proximty to one another. The

freeze-dryer was pressurized in an argon atnosphere to

gggﬂ 14 PSi Q. Jhe ééﬁ;&fogéﬁ%eswﬂmmseﬁ@ohsgdt on this

n vI al tenperatures near -5C. The freeze-dryer
gRsmgépr.essuri zed rapidly to i nduce nucl eation. All

Yhakaag, L) B3 Sl 8 auslen ed-And Deoan duseisy ac

ter depressurization. N o precipitation
aohcélﬂler[aanntcm noﬁvasoolnga'mled uBbrreehaWyophil og8siomhyials

yﬁﬁﬁléggi%ad Ogtngﬁg @NQ$&DB§ffﬁg tol solution

plrposes o0 f arity are designated
and lgihded anDH fréeceddWalguaslsdalﬁhelrt woldest preximlity

batches. L | was ol ved | .
EGnOER PRI ONTD " f /‘%?Ffez§ X er w |z§?| %%lu\%%a Flin an
\&Q’g%rfliatﬁdsmﬁété Eomalbocmtf nhepﬁgll Mebime t @:eeze dryer
sol ution and ed freeze rver_s o
SOHSS (CRBLRE. KROPRER TG 11 CESBPaF girw sl Fed -soC.
BfRS S Hi-b2ee -idiyadic awgen c&éﬁﬂéphen:azte@i abapud1y4 pei ginduce

The freeze-dryer_shel f was d starti.ng fr

TIPSR IPR - t oABit A A a? g‘iberﬁtouré:s c%‘ear8%@89%1 and
i - fE¥eLivas i:ﬁﬁﬁﬂaﬂpé“ﬁﬁsaﬁitéed depidbyurdzandose No
nucl eation. Al vials nucleated and gﬁgan freezin

AR RY BRI aR OF G5 SEANT ThiYoR. OPRETYES SR & hawing-

hedgbsy t t hirgest alngr f Qrcakoins 15weiaut edtaled from two
freeze-dryer shelf was then cooled at a rate o.f
abr:ﬁfj’iﬁ(x e|§,upp11ers and for purposes of clarity are

designated as LDH-1 oxr LDH-2 to distinguish the two
distinct batches. LDH-1 was dissolved in 5 wt% mannitol
at a concentration of 1 mg/mL. Six lyophilization
vials were filled with 2.5 mL of the LDH-1/mannitol
solution and placed on a freeze-dryer shelf in close
proximity to one another. The freeze-dryer was
pressurized in an argon atmosphere to about 14 psig.
The freeze-dryer shelf was cooled starting from room
temperature to obtain vial temperatures near -4°C. The
freeze-dryer was then depressurized rapidly to induce
nucleation. All wvials nucleated and began freezing
immediately after depressurization. The vials were held
at this state for about 15 minutes. The freeze-dryexr

shelf was then cooled at a rate of approximately
1°C/min to obtain vial temperatures near -45°C and held

for an additional 15 minutes to ensure completion of

38



ICmnt o obtain vial tenperatures near -45C and held
for a n additional 15 mnutes to ensure conpletion o

wo 3709®33 reezi ng process. After the freezi ng BCEPS200T1@3281
freeze-dryer shelf was then warned at a rate of about
|G mnto raise the vial tenperatures to near 5C. No
precipitation of the protein was observed upon
thawi ng. The vial contents were assayed for enzymatic
activity, and the results were conpared to a control
sanpl e of unfrozen LDH 1/ mannitol solution. [0086] A s

part of Exanple 9 , the depressurized nucl eated

sanplLes of the L eysr[annip}

' h
the sFBEﬁgéﬁgcaPF%ucl eat e sea]ﬁg:tgg O?Eéte%gn%o”@ﬁéﬁﬁ the

ftachastigat | gheld eededtbemplwaredd LBH 2 ¥pee of about
freezing procedure was rﬁgpeat ed with

Bedrdapre S5k $2abhEn VaRd WETHR T Pg%rgéﬁ%%%&l B N No

e

: oSP8¢ firealddbr dDhHhasasbdegseldy ehdm tEhawdng -
Pﬁgaér}%lwég%oa concent rﬂati on of ?Léél]?/ nm.. Si X5 Livity
Ty phi a1 z goindenfi sl Yefer @SFrYee Wt S22 RE6f The ’
a;%ell- #:ﬁlgﬁr%%éﬁ’itéomgfémc@ﬂﬁa%@C%b oa adtieeak- drygrle of

ose proxi m tJZ to. one anot her. The
dm Eeeredr WBH-HEMNEEOE WP EAC$PRrti ng from room

kt%'@gi aturg.at g rat e pf aboubi1bCd Bi,n ttheobtdeprasabrized
enperatures near -45C and held for 15, rri{}ut e%etto. were
pasleetednpampbas ool heher é«@ﬁﬂg{o TRYEESRT AT TR

freezing §1ePesrLie ez 1df YR csbakbavasamplerd atIm the
FRUE=6F "about |

Cmn to raise the vial te\ﬁera%urfset%in
searhB6t iNelgneciprieeted SRTPRESHG & was bbServEF = "3
upon t.haw n he il CRNt epi sn¥BEe esy@drisstion and
ngﬁﬁgﬁrg a%tualls\]’/-i‘t )]/: b?rc?d the results were conpared toh
HbereameutioRtiodn saapie Wi theMtoz &S DIRIIFRNNPEEPSPRSTE -

%gsg:ﬁ:fﬁgﬁtlgﬂp,whﬁ'—io WS R dsofvEdanBl & s thannitol at
a concentration of 1 mg/mL. Six lyophilization vials
were filled with 2.5 mL of the LDH-1/mannitol solution
and placed on a freeze-dryer shelf in close proximity
to one another. The freeze-dryer shelf was cooled
starting from room temperature at a rate of about
1°C/min to obtain vial temperatures near -45°C and held
for 15 minutes to ensure completion of the freezing
process. After the freezing step, the freeze-dryer
shelf was warmed at a rate of about 1°C/min to raise
the vial temperatures to near 5°C. No precipitation of
the protein was observed upon thawing. The vial
contents were assayed for enzymatic activity, and the’
results were compared to the same control sample of
unfrozen LDH-1/mannitol solution.

(o087} Also as part of Example 9, the experiments
described above for LDH-1 were repeated using LDH-2.

The only difference was a controlled nucleation
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descri bed above for LDH 1| were repeated using LDH 2 .

The only difference was a controlled
woemegtosdnt enperature near - 3 0 C for LDH 2 PEX/82007/003281

than - 4 0 C for LDHI1 . Initial Vial Pressure Enzyne

Vial Solution Atnos 1 2.5 nL of BSA solution Argon 2

2.5 nmL of BSA solution Argon -4.3 14 - Nucleation 3

2.5 mL of BSA solution Argon -5.3 14 - Nucleation 4

2.5 mL of LDH I solution Argon -3.8 14 9.0 Nucl eation

5 2.5 n of LDH1 solution Argon -4.0 14 16.2

lilgcldfeatllon 6 2.5 nL of LDHI solution Argon -3.7 14

cleation 7 2 o]

tfﬂ‘p%a}‘%cl it on§8 gngf% E%Lb sﬁq%ﬁﬁﬁﬁﬁlgoﬁ@ For
1DB-9 .14 18.5 Nucleation 9 2.5 nL of LDH 1 sol ution

Argon -4.0 14 21.2 Nucleation 10 2.5 rrL of LDHI

solution Air -10.4 0 35 7 Nucl eatlon 1

2.5 nL of
JifpH | solution Air -16, l%l S ue i °5 Ppressurization
@f LDH | SUMESPion Air A‘T% 5 “‘t% Nu% ti Qgﬁ% 2 5 Outcome

of &jﬁ_ﬂuﬁu on Alfos 10. 5 143.9 cI eat i-on 14 Nucleation

‘[é-mﬁﬁf utis®| Ut | Qdorl 1 - %8 0 24.19 Nucl eati on Mleation

5 I mDbr Bolutis®| Ut i Aigordi r - 35130 0 3942 Nucl-eat i onNucleation

46 22 Smivof GPHALBHkBNS Ol Argpion Ar gbh - 3. 1 144 29 2 Nucleation
8

Nuclbialnl-eﬁLQH 13olgtiony  oArEpIpH- 2 ﬁ;ut i on 1/ﬁ\r gon ﬁ 9 14EE2}2:§122

ol Argon
4 5 E-g@olutlon 52?& of L 2 sol l’ﬁl' on gon - 3N11cleatlon
Jx jgi 19 mL of3§DH 2 sl uti omg.5Ar gonNNucleation
2. i BuNUsL SR | Oﬂrg&o 2.5.qt of LDM-2 sdl@ti on Nucleation
%goﬁSnﬁoiLﬁﬁ-ﬁ&uﬂnnNuclﬁat| on 0% 2.5 n® of L@H—Z Nucleation

30l u2.5 ol oALDHH sol@ti® 14 85. 2 Nucléeat i on 92 of Nucleation
LDH- 25 59{oGLPHr spufion 5 04B 38.3 Rcl eat | % ML RpCcaton
-10. . hcleation

Bgd ﬂg E : 5A 40.0 .§C| eat l Qn ® ML Rficleation

u o 2- 34 36.5_Nucl eatign 25 .5 nl wiicleation

5%@,&' bﬁ[h sBlufior 3. &rddn42. 0 -Blacl eativn 26 B.% nlL dfcleation

LIE)H' 2.5 50) dfLDar sbiufior 5. Argdn50. 2 Macl eat i Bn 27 B.5 nl Piucleation
LBH- 2.5 %0l af LDEFR sblution 5. BrPn40. 6 fldcl eat i ¥n 23.3 Nucleation
19 2.5 mL of LDH-2 solution Argon 27 14 19.6 Nucleation
20 2.5 mL of LDH-2 solution Argon 3.1 14 321 Nucleation
21 2.5 mL of LDH-2 solution Argon -2.6 14 352 Nucleation
22 2.5 mL of LDH-2 solution Air -5.0 0 38.3 Nucleation
23 2.5 mL of LDH-2 solution Air -5.5 0 40.0 Nucleation
24 2.5 mlL of LDH-2 solution Air -2.3 0 36.5 Nucleation
25 2.5 mL of LDH-2 solution Air -3.8 0 42.0 Nucleation
26 2.5 mL of LDH-2 solution Air -5.1 0 50.2 Nucleation
27 2.5 mL of LDH-2 solution Air -5.9 0 40.6 Nucleation

Table 9. Controlling the Nucleation Temperature of Sub- Cooled Protein Solutions

[0088] As seen in Table 9, the controlled nucleation
and freezing process achieved via depressurization
clearly does not decrease enzymatic activity 'relative
to a comparable stochastic nucleation and freezing
protocol. In fact, the controlled nucleation process
achieved via depressurizat?ion appears to better
preserve enzyme activity with a mean activity loss of
only 17.8% for LDH-1 and 26.5% for LDH-2 compared to
the mean activity loss of 35.9% for LDH-1 and 41.3% for

ILDH-2 after stochastic nucleation.
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Table 9. Controlling the Nucl eation Tenperature of

Sub- Cool ed Protein Sol utions [0088] A s seen in Table
w@®290709@3xont rol | ed nucl eation and freezing prRPCEES2007/003281

achi eved via depressurization clearly does not

decrease enzymatic activity relative to a conparable

stochastic nucl eation and freezing protocol. In fact,

the controll ed nucl eati on process achieved via

depressuri zati on appears to better preserve enzyne

activity with a nean activity loss of only 17.8% for

LDH 1 and 26.5% for LDH 2 conpared to the nean

activity loss 9% f or and,4l. 3¢héor sikldbastic
[8%@3 st oc %st?%oﬁggleg%?on#%%%gg]q?% shoul d be noted
nifdte dtheost octagiecamuceeat | OPSeEHPEr attPes J&ided Were
for LDH 2 re subst ant] y me nucleation
%Hhﬁﬁﬁﬁﬁ}%yﬁﬁclﬁ%fT%% tgﬁ%éraﬁﬁ%eSEF%E%%SEPSf Thi s
tdinfdEF £PGEe sRYORe L T 0 SThE scatitkfnrrnte aBeyn§asue t°

nucl eating agent in the LDH2_. Th zhastd t in the
SRS eSPF’&%“Fgﬁﬂé:r a?ﬁlgé?garaes m?chrl-% %éé?sa?% t h%en w
gant s ol | edengebeakisan ¢ enpeladtuieon tempeEBEARamMpEFRduch

to LDH 1, yet the inproyements in nt | enIWE £
%kﬁ$%¥t9“6bFQFnéﬂ°§€g°ggﬁ¥$o?V8%eﬁ&?%@bt#%ﬂp%%? LDH- | ?r
g £ DHedmpheedl Ndaar mH48, 1%end thefYimprovements 1in
respectively, This result .suggests.that {hg; 1led
reprBrerEntel i BNt F&ﬁfl&lg‘ghz;‘??r’é“'ag%tef%/i tsi?ac ah e e
Ra&i bakhwmatdor hufred tend heDERar acteersistilose oAt t hg- 1% and

control | ed nucl eation praogess itsel t ] t
phe8&ri LEESREFFEVSAYCI eatﬁ%’nst erfﬁ)se%]; u%&?%%%? ng J\/Lleathe

gﬁﬁ%?%(%)lgelgx]&ﬁi gﬁwgaaﬁt_efhlo eflRee:inmymgt_ ' Fadmytmg iy be
I e o manni t ol _sol utjon S_Ppr e

pext g ldvou e tEF PP A et Of tRfni TP AE L ETABb0 106 07 TPe
Qéglﬁ'ﬁ‘roqflé@t Shc1¥h ek snWaseodébbed vt 2. bonl jofstt heos the

wt % manni tol solution. The vials were weighed e :
prescribed warmer nucleation temperatux%s ob@&%ed via

depressurization.

Example 10 - Reducing Primary Drying Time

[00901 A 5 wt$% mannitol solution was prepared by
mixing about 10.01 grams of mannitol with about 190.07
grams of water. Vials were filled with 2.5 mL of the 5
wt'% mannitol solution. The vials were weighed empty
and with the solution to determine the mass of water
added to the vials. The twenty vials were placed in a
rack on a freeze-dryer shelf in close proximity to one
another. The temperatures of six vials were monitored
using surface mounted thermocouples; all monitored
vials were surrounded by other vials to improve
uniformity of wvial behavior. The freeze-dryer was
pressufized to about 14 psig in a controlled gas

atmosphere of argon gJgas. The freeze-dryer shelf was
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and with the solution to determ ne the mass of water
added to the vials. The twenty vials were placed in a
wo 20R/0e703R freeze-dryer shelf in close proxi mPET/US200TI@03281
anot her. The tenperatures of six vials were nonitored
usi ng surface nounted thernocouples; all nonitored
vials were surrounded by other vials to inprove
uniformty of vial behavior. The freeze-dryer was
pressurized to about 14 psig in a controlled gas
at nrosphere of argon gas. The freeze-dryer shelf
wascool ed fromroomtenperature to about bC to obtain
vial.- tenperatures of between_appr.oxi ly_; d s :
o lathe TrcBL 2 ECPY TSMRET T HehR<d g{)or eé g%trul%z edG?ér:o 1%ﬁabcc))llDJtt:a'm

L4, Psi 2t pepspharyCeR! appHckimhi@sy thag and -
‘?Jiavle g%&“&%ﬁg? nduce nucl eati on of the sol uti on
Wt hi n trhe VifaleszeANdryenl svaobserheod deprgdsuptzed from

nmoni tored via thernmogoupl es nucl eated a :

Fhesi Ad | RFEE abel ;PC%CP tor ac‘fé?ﬁ’rsé%q%%’?%%a{%’?r&%@f%%gﬁn tess
Jdhe,shelt timenasuce wWasiddee mholeaetonapifdliyhe osolution
about -45C to conplete t freezing process. Ox |
Wi%hiﬂenﬁbﬁatﬁiéésmere'%ﬂiufv}ﬁ 6(:%$SF5¥§§ t%288a§1§ °F
foeezezdiyi ngsehanbrerwescayaeiat eduaneatteel pr acdss began
primary drying (i.e., sublination) was, i iIHQted.
Doeergnohiiamedd et by RESST PREYFPEYSSHRI I 8hel f was

Wﬁw&? to aput =h4Csvi acampaeabaue rampsandil d Apbwered
that fenperature for 16 hours. The condenser was .
gapatidiynedcat about - 60UEQ hritRigh6emPlse<dr yFlag Lreezing

process . Primary dryin s sto d t in _a0°
PRECEEEIUM PRFS el bX&%ﬂ}Aﬁ?‘HﬁegﬁguE%nb‘%grPéw tg‘ﬁgfé{tgon‘lo c
b2 aié%’é?"‘ﬂfﬂé FresSiH-Riryiites Vichlasbear ewpsonptaguated and
renove

romthe freeze-dryer. and ,wei ghed_t.o, d - l.Re
hom REPCABEEC TR FHREYdTRRGY hélpﬁqnar?/“]ﬁlriﬁ%%gggm was
QeSS ed. During this drying process, the freeze-

dryer shelf was warmed to about -14°C via a one hour
ramp and held at that temperature for 16 hours. The
condenser was maintained at about -60°C throughout the
drying process. Primary drying was stopped by turning
off the wvacuum pump and backfilling the chamber with
argon to atmospheric pressure. The vials were promptly
removed from the freeze-dryer and weighed to determine
hOV'J much water was lost during the primary drying
process.

[0092] In a separate experiment as part of Example
10, other vials were filled with 2.5 mhL of the same 5
wt$ mannitol solution. The vials were weighed empty
and with the solution to determine the mass of water
added to the vials. The wvials were loaded into the
freeze-dryer in the same manner described above, and
the temperatures of six vials were once again monitored

using surface-mounted thermocouples. The freeze-dryer
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[0092] In a separate experiment as part of Exanple 10
other vials were filled with 2.5 nL of the sanme 5 vvtf%;
WOoremmioeeB3 sol ution. The vials were wei ghed enpP@T/a81907/003281
with the solution to determ ne the mass of water added
to the vials. The vials were | oaded into the
freeze-dryer in the sanme manner descri bed above, and
the tenperatures of six vials were once again
noni tored using surf ace -nounted thernocouples. The
freeze-dryershelf was cooled rapidly fromroom
terrper;ature to about -45C to freeze the vials.
1 atlon W i astbfatbymbeewprRirahotd tdS58&bout
%ﬁ%gboug %gg (§iu‘r%%l %2 cooling step. Once all vials
1 pEmer atyir e Frezee ab’ohé - #1606 .or | e§§01telﬁé“\ﬂral so%lﬂéred
dried in a manner identical to the_pgthod de o
s;ttml@aSUpGﬁléUnclh%ﬁV(ﬁ\e%f HPPWar y~UrPyT ng? ngh 8 Ie'18 <

%ﬁ 5 %{?Pél LA dﬁ‘:égm thecdr eaze- di¥ek apdmperatures
d determ ow nmuch water was | ost duri n%e
ln a2

J;,Q;@eprdﬁm_[ty - 4@°yi N pﬂmsess thénivials Viwerer éxdg
Sol ution Atnos Vi a

e

@@ggerw%ﬂ%ﬁ:@i vé]o [ $ 1 Vi Eho &eé'i%%ﬁi&%aﬁweo? ol TP
ﬁ‘ﬁ%ﬁ??slloilr e %iﬂg&“fyl ggyung ,2thes sdmpies we¥e promptly

0 gon - Nucl eat.i
RERONEANI T AFREn FXBeFerA9FE T RUCI € ggetlgo}gecg g&Sgr%)LC%rfmlne
ﬁth %.BRNI kA gaBs 213st4 88r&nduckeat | prifazys Wrying
of 5 wt% mannitol Argon -2.1 14 85.0 Nucleation 6 2.5
PpEOGRSS -wt % mannitol Argon -1.1 14 80.7 Nucleation 7

2.5 rriL of 5_vvt%rrannito| Alr -15.7 0 65.7 8 2.5 nL
of 5 W% mannitol Air -16.7 0 66.9 _ 9 2.5 nL of 5 W%

mannitol Air -14.5 0 64.6 -  Initial  Pressure -
Vial . - Water Depressurized
4 Solution Atmos  Vial Temp Dro_p Loss [%] Outcome
°Cl [psi]
1 2.5 mL of 5§ wt% mannitol  Argon -1.3 14 89.9 Nucleation
2 2.5 mL of 5§ wt% mannitol  Argon -1.9 14 85.2 Nucleation
3 2.5 mL of 5 wt% mannitol  Argon -1.3 14 871 Nucleation
4 2.5 mL of 5 wt% mannitol  Argon 23 14 88.8 Nucleation
5 2.5 mL of 5 wt% mannitol  Argon -2.1 14 85.0 Nucleation
6 2.5 mL of 5 wit% mannitol  Argon -1.1 14 80.7 Nucleation
7 2.5 mL of 5 wt% mannitol Air -15.7 0 65.7 -
8 2.5 mL of 5 wt% mannitol Air -16.7 0 66.9 -
9 ° 2.5 mL of 5 wt% mannitol Air -14.5 0 64.6 -
10 2.5 mL of 5 wt% mannitol Air -15.6 0 64.7 -
11 2.5 mL of 5 wi% mannitol Air -16.5 0 64.1 -
12 2.5 mL of 5 wi% mannitol Air -17.9 0 65.7 -

Table 10. Increasing the Nucleation Temperature Improves Primary Drying

[00931] Results of the freeze-drying process with
controlled nucleation and stochastic nucleation are
summarized in Table 10 below. It should be noted that
these two experiments only differ in the addition of
the controlled nucleation via depressurization step to
one experiment. As seen in Table 10, the controlled
nucleation process achieved via depressurization allows
nucleation at very low degrees of sub-cooling, between
about -1.1°C and -2.3°C in this example. The wmuch

warmer nucleation temperatures for the controlled
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10 2.5 nL of 5 wt% mannitol Air -15.6 0 64.7 - 11 2.5
m. of 5 w%mannitol Air -16.5 0 64.1 12 2.5 nL of 5
woedwoetss tol Air -17.9 0 65.7 Table 10. | ncr eBSi/ns2oTien3281

Nucl eation Tenperature Inproves Primary Drying [0093]
Results of the freeze-drying process with controlled

nucl eati on and stochastic nucl eation are summari zed in
Table 10 below. It should be noted that these two
experinments only differ in the addition of the
controll ed nucl eation via depressurization step to one
experinment. As seen in Table 10, the controll ed

nucl eat.i on e33i &y ed ovi théepteshddwiat | alcleation
n&Fﬁg\ﬂ%lﬁ&clgga %oﬁ%%at very 'ow degrees of sub-cool i 93 eq
chebwearelabouan - 1ceC siucpuse pRY HaswhkApt e LYPROT LS 2E
much warmer_nucl eat i ; AlYres, {85 bh6perties. For
Ca&ft W&q%d%ﬁa“ﬁ%% %%%?gnac se corrpf\rr?%dr%to t he a
tHOcBasti cammoheatdondeasagyi bioe anthee &3t e lgare
resul tant |yophiliz a i Ay anatlh cd dhdd®r Bthveen
u&rﬂﬂ%gtﬁ‘leopé?%:g??e orglte gﬂe\sggﬁrjeilanount of drying tine,
Jetvi ahs 1rdcl g ed usiveg Lbetdisel esettage of 86.1% of

epressurizati on_net hods between ahout -1.1 d -
thestr awaiesr ageisr geheroidthe ™ ‘3‘(9':re‘ilwhiSI%é?a‘:tr}h‘—’les”t‘zig)&'ly
vials nuc]eated .s o%‘d}_asg}l&al_h».@@bvveﬁ{l bodst- bh Xrerage
beRreay. 8 o‘é‘ﬁlyjl%'s an average of 65.3% Hence the .
o aks .n&cl eatiethest ochhst i chaly it kEaeR@i rEIRRISOFR+ Y
primary drying ti chy M BgdeqhRe «f achieve
‘\’/%"Ejgg ¥8§§1¥L5§ t"h‘lecrl'giéigggn%glq\g%\trte% ilz?a %ont rol | ed ,
PEaANgEmeNdageerdafcavalieh thesppesehel yVidilsy | yagheated 1n
met hods. _The_i nprovenent i i Li N ds kel Yresently
at GFHHRYL D FREVEr malh ognc%;‘;%?%?aer ice crystals at
SBEABHcBUC headtiade t enfEhat impsovENesd | B ggiryiigy time 1S

crystals | eave behind Larger peres, o, subkinghigar ice
hh%ei'-?ﬂe P&F&é‘%‘ﬁoﬁ’ s %?fe?EFesgor esi st ance 3

crystals at warmer nucleation temperatures. These
larger ice crystals leave behind larger pores upon
gublimation, and the larger pores offer less resistance

to the flow of water vapor during further sublimation.

Industrial Applicability

[0094] The present wmethod provides an improved
method for controlling the temperature and/or time at
which sub-cooled materials, namely liquids or
solutions, nucleate and then freeze. Although this
application focuses in part on freeze-drying, a similar
problem occurs for any material processing step that
involves a nucleated phase transition. Examples of
such processes include the crystallization of polymers
and metals from melts, crystallization of materials
from supersaturated solutions, crystallization of

proteins, artificial snow production, food freezing,
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to the flow of water vapor during further sublimtion.

I ndustrial Applicability [0094] The present nethod
wWEe@vioes®s3s an i nproved met hod for controlling tPEr/Us2007/003281

tenperature and/ or tinme at which sub-cool ed

materials, nanely |iquids or solutions, nucleate and

then freeze. Although this application focuses in part

on freeze -drying, a sim/lar problemoccurs for any

mat eri al processing step that involves a nucl eat ed

phase transition. Exanples of such processes include

the crystallization of polyners and netals fromnelts,
f”%%%glébﬁééhegaefdﬁ“‘%ﬂé&@l$ﬁ8ﬂ1§99%B&¥mﬂiﬁﬁibn, cryo-

fons, crystalliZation of proteins, artificial

mrevepvadiioni opr foodlersyl oy, of cB2ROFEN CoNt Y e -
@%ﬁ%%Lonal ﬁry II| %éq%tgrggﬂégggwgg|éght§5111ng the

sati G ol vapors I qul [ 0095] The nost
ﬂﬂﬁm@aaienbmﬁﬁparaﬁun©nnﬁﬂa|hgqphérﬂ%léﬁﬂP&ﬁon is the

er at re of qu [ S aRE ! ithe t8o11id
nffBV tife ﬁﬁ 1 S|zé§g¢g%hgﬁg%lfgggbnains o.l
dwﬁﬂuﬁedp&bdﬁﬁeqﬁbwetheamhasenmr$n8iteezing3Wht§FGGZln9

for exanple, the _nucl atlon rat
(SRR TR i ! ST SO BIRGER WA SEULY gyrecely
&EﬁEEanbytﬂﬂea@una &hé mnmmwysbﬁs;emeCKMRﬂal$ formed.

nunber _and | ar |n SI mhen th ti .
CeRpERAtT e SPE %he ggfgﬁs t%ggongsmer o
ﬁﬁﬁbagnbean@ndxﬁﬁQEﬁﬁ hhe sehzé(ﬂwnems prhsducadchgag ion

ghase transitjon PYOVIde addi ti onal benefits. In a
F@@?é%ﬁ%ﬁqufin%ﬁ%§§ for exanple, the nunber and

$b29&0f thQHéth&y$t9Isosbbmmquiuﬁémembsrthed size of
drylng ropertles of th | ized ake
st%ﬂ’g S?fé%dzu%yeﬁ i ]8 1?511:&83 may

%\(ﬁd@m %@ld'l%ﬁgﬁfalpor esdgicsubl iTmt | :annﬂpefﬁ;&irmee;drylng
pigﬁgééF"Egrogxgﬁgfg? the number and size of the ice
crystals strongly influences the drying properties of
the lyophilized cake. Larger ice crystals produced by
warmer nucleation temperatures leave behind larger
pores upon sublimation, and the larger pores offer less
resistance to the flow of water vapor during subsequent
sublimation. Hence, the disclosed system and methods
provide a means of increasing primary drying (i.e.,
sublimation) rates in freeze-drying processes by
increasing the nucleation temperature. .

[00971] Another possible benefit may be realized in

applications where sensitive materials are preserved

via freezing processes (i.e., cryopreserved) . For
example, a biological material including but not
limited to, mammalian tissue samples (e.g., cord blood,

tissue biopsy, egg and sperm cells, etc.), cell lines
(e.g., mammalian, yeast, prokaryotic, fungal, etc.) and

biological molecules (e.g., proteins, DNA, RNA and
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resistance to the flow of water vapor during

subsequent sublimation. Hence, the disclosed system
w@pa7/et0Bds provi de a neans of increasing priPEr/ys2007/003281

drying (i.e., sublimation) rates in freeze-drying

processes by increasing the nucl eation tenperature.

[ 0097] Anot her possible benefit may be realized in

appl i cations where sensitive naterials are preserved

via freezing processes (i.e., cryopre served) . For

exanpl e, a biological material including but not

l[imted to, mammal i an tissue sanples (e.g., cord

bl.ood, tiss ' Y, £ £89aNd s PsAMLRldSus ekt iesl I may
§99é;§?%?§.%$ﬁgﬁﬁgﬁiaﬁs yeast ,'profgfioti%, f ungal

eBipe )i @nde birekdgusalstmsissas eduyeng. ther SrESRi PN CcesS
RNA andsubcl,asses. t eof Z6A | Bran RQUePUsSy of the
Qﬁﬁﬁni%ﬁynaﬁﬁg?ﬁé}Lgﬁ%% d%f%%ﬁs stresses during the
d4@ezi Y. pr odess thamardpn npalr PhEsigaddiondaprupt the
activity of the materj al ce [ YiePhyst £akh¥ial
‘%ﬁ%?{lb?¥tf%rnﬁff§nﬁ% %?V%Féatceﬁ%g%%eqcr}hg%ggs in the e
Hoh@LASGI abshendingtonsast i csdbutes, ceprapgrations, etc.
concentrations, etc. experienced.by t i @b 1
%%R%Elﬁﬂ€ﬁﬁbgﬁbﬁSE%HW?%$ l?ﬁé s %E%fh?gngﬁ%si%ﬁetfggtro ©
Ofel Gh £ @EFBEEOMN t kdaetsigni bifcahtey forthaehes. t hidsecan
stresses. The present syst and t her gfr e t
21 8UR 46 CATt0e. BETRSEFe PSR n%“?%?%%?es [ S Ppregen
Wi, ER Rl YRRECIRIBIRSdDHN theaedsses provedranohagueheneans oF
recovery of function or activity.fr ry dvati
RAEREPEINT TIHF T s RO T Rar oY erant CoYap oo vacton
gopventdanakbnauckankheangonthel rethodsy(ec§. JSuncdloy or

O eCOTLeE L SOLS SULACER) iR 48 d 1 b5 represenca
QE'%/OHF@J?%\)@!&GQIQ@ ahgor | tdmversignad fmclliaﬁit_rﬁg:rcelchltrol
.met?'l%gds], -(rge.ggr,essegédinr?éhggs cnc?l)(tggtalwsi%k?pgloigd éxprfaces)
used to initiate extracellular ice formation in two-
step cryopreservation algorithms designed for living
cells.

[ooos] The present methods wmay be also applied to
complex solutions OX mixtures containing several
constituents both in cryopreservation and
lyophilization applications. These formulations are
often solutions with an aqueous, organic, or mixed
agueous-organic solvent containing a pharmaceutically
active ingredient (e.g., a synthetic chemical, protein,
peptide, or vaccine) and optionally, one or more
mitigating constituents, including bulking agents that
help prevent physical loss of the active ingredient
during drying (e.g., dextrose, glucose, glycine,
lactose, maltose, mannitol, polyvinyl pyrrolidone,
sodium chloride, and sorbitol); buffering agents or

toxicity modifiers that help maintain the appropriate
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conpl ex solutions or m xtures containing severa
constituents both in cryopreservation and
wo ywplddoBxat i on applications. These formul ati oOPGT/HSB07/003281
often solutions with an aqueous, organic, or mxed
aqueous-organi ¢ sol vent contai ning a pharmaceutically
active ingredient (e.g., a synthetic chem cal,
protein, peptide, or vaccine) and optionally, one or
nore mtigating constituents, including bul king agents
that help prevent physical |oss of the active
i ngredient during drying (e.g., dextrose, glucose,
| ycine, lacto I : Li-0 O const ituent
R S A

hafderi npagents ercitdxi chepzeddi fi ecddihat chérge  acid,
mai ntaj n the appropri_ at.eenvj me I s i 4 OXbighbi¥hori
e RelQE iy S AShe I et (ora Raasitt AU e pisbBhoric
#6id, cthrtarad dadiydr oehicoritheacishdiaot i gadtid, of the
mal ei ¢ _aci.d, phosphoyi.c acid, tar I.C ] an e 1
GO BREEELOS lﬁﬁ%éﬁ%ﬂeﬁ%ﬁ??gﬁgéﬁé%id%%égts €nkEe nelp
Stabilizi nghageritsudairdielsndr ederveivhe ofr ucher eactive
and function of the active constitggpt.égnkngal iquid or
BPBEEI ST oY BY PTPREFSEPHuld of difed Torm (8.9
é&@@h%logq{ h(&i.fyl,lsgi%ﬁlxhée, dlgknyemydll lsulgquide, bipaerol,
serum al bum n, pol yet en (col , i ne

B3V FaBLenat QIR b %F?Msuﬁisg o RYLYers §Peagdarsot:
§hat nandidon yderghess boabsitblon shehavsef afdt heehalose) ;
formul ation (e.

. ol yet hyl en | ycol . and, s .S).,
AT (LR (RS EY by POPEs, FNST I OB BEHar i besE the
e e adat (Ong( ¢. Bolyasegikaie glspabdLnahils shbare) , and
sodi um f or nal dehyde, sodi um net abi sylf ite sgd'unht from
soitfiitaxidansoxi éFeP?ﬂﬁFQ$|BB?y&éﬁﬁﬁe.cfﬁﬁ é%uglnce
%%%'I%Qﬂt?ibﬁs (bYBi.cald scsrband pmepaess Shi auplttal,i tgodium
0

the sane material subjected to identical rocessi%%
@mnmaldﬁhy®¢ghtsggépght@qﬁablsulflte, sodium sulfite,

sul foxylate, and thioglycerol) .

[0099] Since nucleation is typically a random
process, a plurality of the same material subjected to
identical processing conditions might nucleate at
different temperatures. As a result, the properties of
those materials that depend on nucleation behavior will
likely differ despite the identical processing
conditions. The disclosed system and methods provide a
means for controlling the nucleation temperatures of a
plurality of materials simultaneously and thereby
offers a way to increase the uniformity of those
product properties that depend on nucleation behavior.
In a typical freeze-drying process, for example, the
same solution in separate vials may nucleate
stochastically over a wide range of temperatures, and
as a result, the final freeze-dried products may

possess significant variability in critical properties
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different tenperatures. A s a result, the properties

of those materials that depend on nucl eati on behavi or
waowdor/opioel y differ despite the identical proceSEUSINT/003281

conditions. The disclosed system and net hods provide a

means for controlling the nucleation tenperatures of a

plurality of materials sinultaneously and thereby

offers a way to increase the uniformty of those

product properties that depend on nucl eati on behavi or.

In a typical freeze-drying process, for exanple, the

sane solution in separate vials may nucl eate

stochastical l i.de RGS ek t QIREr U SSst BEt ion
H&e A Ifa%lhg}{csl{ﬁg %r’ee%g Tari fé’d products may _
PasSess By grickitcaritl ingi abid | npcleagdon chpmperature via
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trl'é%onEF??ﬁPitgP( t i‘?r%.sc 3‘?5‘%@m #’tﬁﬁ%’t he nucl eaton VJ;
LeIPeFat tye off aptbaupttesendbgriies| dbeem pRockeseze hdrying

vial-to-vial uniformty of. pr ct QReydies froma
%%e%@a?ﬁﬁn§a&5?%%%%%%t%§%9gg é{‘r“%ati (éa'l ly _
[opioued. [BR100kbIhatabil kby tcoobmblol the nucleation
nucl eati on behavi or of. a material _may r oyj ial
Bebavanti aPt bé?nef‘iattqrr?ar%edﬂlﬁyngabﬁg t?ﬁéégg%es%é?gt?gtla
dexekop am i pdusidiim) pheceasimd hakckissgasy upon gevelop an

normal |y uncontrolled nucl eation event. exanple, ma11
Ffldyﬁf—é”ﬁatlakegrﬂﬁﬁ?srmn‘fﬁ?gto }éljér\ll%?%p a (Sléceic%gfu[rl rmasty
fheezerdniicdey syeleathan cavele. acaoopl esheplien ait often
reasonabl e anount of ti

esper TGy WNE (Fe SRUSLPRCE FHIGTIRTY. Sadeze-arving
e L e oo oo
OF GO ol VAR CRERE O SRPART By Choimag) fiyTheh. the
ARG N i DBE¥mEE Y, NGrd Bse i wekict suiff orieinty acmid ity
/igé activi ty, the time necessary to dev lolp1 Su?ﬁﬁﬁfu' B
orfeezbedr gEhd Ver op@@an@%qp%e ingredient . v
providing a means of controlling nucleation and thereby
potentially improving primary drying time, product
uniformity, and API activity, the time necessary to
develop successful freeze-drying protocols should be
dramatically reduced.

[00101] In particular, the potential benefits of the
controlled nucleation process will provide increased
flexibility in épecifying the composition of the
formulation to be freeze-dried. Since controlled
nucleation can better preserve the API during the
freezing step, users should be able to minimize the
addition of mitigating constituents (e.g., stabilizing
agents) to the formulation or chose simpler
combinations of formulation constituents to achieve
combined stability and processing goals. Synergistic
benefits may arise in cases where controlled nucleation

minimizes the use of stabilizing agents OY other
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dramatically reduced. [00101] In particular, the

potential benefits of the controlled nucleation
wEe@ces®3wi | | provide increased flexibility inPCT/US2007/003281

speci fying the conposition of the fornulation to be

freeze-dried. Since controlled nucleation can better

preserve the APl during the freezing step, users

shoul d be able to mnimze the addition of mtigating

constituents (e.g., stabilizing agents) to the

formul ati on or chose sinpler conbinations of

forrrul ation constituents to achieve conbined stability
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hagehig1useuding wacHstesse vﬂfezﬁidaﬂ.lvmnmtblatlgns can

electrof reezing or the like to i en ati _
P@Oleé]-’rFﬁdco‘l’i‘t‘*gas%ntc?tﬁéngg}rel OF%SF?D ﬁ %resgt treeze

99 daes Webtradénanyiibdgss odbbe mhyaphidquede use of a
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Vequugs 4Fe HeE \RAALF1Vese REFF MRl f dgfrgteduing o
eciifiied {8 essinee UACEN s tgasm envi ronnent and t hat

[0601p0r3elssurlen contrast to the .prior.art, the present
method does not add anything to the lyophilized
product. It only requires that the materials, (e.g.,
liquids in the vials}, be held initially at a specified
pressure under a gas environment and that the pressure
is rapidly reduced to a lower pressure. Any applied
gas will Dbe removed from the vials during the
lyophilization cycle. The vials or their contents are
not contacted or touched with anything except the gas.
Simple manipulation of the ambient pressure and gas
environment is sufficient on its own to achieve that
goal. By relying only on ambient pressure change to
induce nucleation, the present method disclosed herein
uniformly and simultaneously affects all vials within a
freeze-dryer.

[00104] The present embodiment is also less expensive
and easier to implement and maintain than prior art

methods of influencing nucleation in materials in
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is rapidly reduced to a | ower pressure. Any applied

gas wll be renoved fromthe vials during the
wo ymplddosxati on cycle. The vials or their contRCI/ESANE003281

not contacted or touched wi th anything except the gas

Si npl e mani pul ati on of the ambient pressure and gas

environment is sufficient on its own to achi eve that

goal . By relying only on anbient pressure change to

i nduce nucl eation, the present nethod disclosed herein

uniformy and sinultaneously affects all vials within

a freeze -dryer . [00104] The present enbodi nent is
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Rﬁci"ﬂ%?/eﬁryi %gwlrne %opﬁfﬁ%ﬁlza 1 on E’r ocesS)séelsr,@t her eby
f-6lied Ngr pEac e gsisngnacostisi fal sfr eezelle | epresent “method

pharmaceuti cals. The present R e r
SRPAGESS! i | ot PRAREED (U RLale o5, Ry Enan
dhes 8bY rEedietimgiss otdhelrebys sestantng r pabANg thahedees and

to entry for processors unable i ble t
PR BERPL YPIPELPT P cat? o FTEH, sfto%e?ﬁgéctae#gges?tnﬁesg °
hesef i t sght bRoutne@praitat isppdihiei ¢yophingi ze@his method
product. G eater process, control. shoul 10 @, h
rAPLEYEE prothng a%8n§%6ﬁﬁﬂnﬁf%§%%gss%é#ﬁgy%ﬁ%OOf%S]t <
Prephiihe Zkor egelodgict 1 shoadidebe mppeessat ednthal t gaould
resent invention thus provides a syste hod .-af-

f?éﬁhiFPza?Pon?m95ﬁW§ﬂ;lﬁﬁﬁﬁﬁ%%ti%%é, ¢ gﬁggggaangrg e8s
M¥afkations of the present nethods will be apparent to

erson skilled in the art. For. exapple  the géciated

ap _
f8P105t r olFIEHY FRAPEPTEF G Wy be SFPer natﬂel:" cTyogeni ¢
pased ool hpgssyst efbvdit CONVetiisonatovides a system and

method of lyophilization. Various modifications,
changes, and variations of the present methods will Dbe
apparent to a person skilled in the art. For example,
the means for controlling temperature may be alternate
cryogenic based cooling systems or conventional or
advanced mechanical refrigeration systems. Likewise,
the means to control the pressure and gas atmosphere
in the chamber is specifically contemplated to include
know pressurization and depressurization techniques.
It is to be understood that any such alternate
configurations, modifications, changes, and variations
are to Dbe included within the purview of this

application and the spirit and scope of the claims.
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advanced nechani cal refrigeration systens. Likew se,
the nmeans to control the pressure and gas atnosphere

wo poovigsoshanber is specifically contenpl ated tBCT/HstonTen3281
know pressurizati on and depressurization techni ques.
It is to be understood that any such alternate
configurations, nodifications, changes, and variations
are to be included within the purview of this
application and the spirit and scope of the
claims.Clainms 1 . A nmethod of |yophilizing a materi al
conprising the steps of : cooling the material in a

chanber at a prescribed cggLipg rate; decreasing the
pressure in the chanber to Tnduce nucl eation of

freezing i A tmbehodt efi dlyopHikihdrdcaompkgrired

nucl eat ed nateri %I 1o qr below a final tenperature to
FIRAES RS HEEeFi8F° &rVing the frozen material to

pr oduesoniflgi etiepmadtisatidavimga r elambe reits tumr etcribed
solvent . 2 . The nmethod of |yophilizing as set forth
GPP+}RFnFRtRhierein the step of cooling the materi al

f urt hgeceerplinseTn0ategsthe imt ehiealchrokemdtastzdpee

state. 3 . The nethod of, | yophilizin s set forth in
PGl ARt iRRe O ﬁ?ﬁ?ez’s?%pl%fg}?ﬁr fnﬁé‘rerggo ‘ing the

nucl eaf,ed halt ydall iddirier naobpaicees neday il tte or
nucl eated material to or be]ow_a final .te )
BRbaN Ao LG STRTRRITHE BP ERE SRR G eget 1
net hodQfi oy Y | #:2b9gn amasetikar tho iprahaten 4 dheedi n
the step of decreasing_ the gressure i s J.ni tti'fat ed when

prednate fiaaing (28 ALCed gBOL PEY U dtT ot ehper at ur e.
5 . The nethod of |yophilizing as set forth in

2. The method of lyophilizing as set forth in
claim 1 wherein the step of cooling the material further

comprises cooling the material to a metastable state.

3. The method of lyophilizing as set forth in
claim 1 wherein the step of further cooling the
nucleated material further comprises cooling the
nucleated material to or below a final temperature

ensuring complete freezing of the material.

4. The method of lyophilizing as set forth in
claim 1 wherein the step of decreasing the pressure is
initiated when the material attains a desired

nucleation temperature.

5. The method of lyophilizing as set forth in
claim 1 wherein the step of decreasing the pressure is
initiated at a desired time after initiation of the
cooling step wherein the material is at or below a

phase transition temperature.
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claim1 wherein the step of decreasing the pressure is

initiated at a desired tine after initiation of the
weomiovy3xst ep wherein the material is at or beP@US2007/003281

phase transition tenperature.6 . The nethod of

| yophilizing as set forth in claim1 wherein the

material further conprises a biopharnaceuti cal

mat erial, a pharmaceutical material, a chenica

material, a biological material, a foodstuff or

conbi nations thereof. 7 . The nethod of |yophilizing

as set forth in claiml wherein the step of decreasing

the pressure occurs in a pressurized gas atnosphere

W thin the chanber. 8 . The nmethod of |yophilizing as

set férth Thechaiticr \mferle}rqplﬁhjelﬁaggaﬁﬁo%réﬁﬁq} A

Lhe, SNAMDEL CQUPIh AL S A0 NELFOdeR, RRliBedld

et 2P vapor, oXygen, carbon di oxi de, neon, xenon, )
Hirogthannabpdidgend, wrtenialr ed PRerBereVS icaph gt b -
of |yophilizing as set_f L boghaicemhareid the
aga%h%‘f‘ﬁﬁg hg\aé—‘%lrslapfr'es%u?:l[ég?jéggtvveen anbi ent pressure
PRsd25upsi cab@enlsiva eiengrebeyeef- 10 . The net hod of

| yophilizing as set forth in claim1l wherein the
material is initially cooled to a tenperature ranging
from yhe piRee netnsd toHnlyepbélaring taf 2R berely 10
t he phase_transiti.on temmery at “1.0F. re
abpiBedurrana oh, 14 *ERB REt Rog SP Thn 1T A hs 5s
sebuker ik ish mtessuntinhdrghs ahoosmdssie ovihiecFREsed
bé about 7 psi or nore.12 . The nethod of |yophilizing
SB2EREYf-orth in claim 1 wherein the pressure is
decreased such that an absol ute pressure ratio, Pi/Pf

s ab%qt 1”%hgrmethod of lyophilizing as set forth in

claim 7 wherein the gas atmosphere within the chamber
comprises argomn, nitrogen, helium, air, water vapor,

oxygen, carbon dioxide, neon, xenon, krypton,

hydrogen, or mixtures thereof.

9. The method of lyophilizing as set forth in
claim 7 wherein the gas atmosphere is pressurized
between ambient pressure and 25 psi above ambient

pressure.

10. The method of lyophilizing as set forth in
claim 1 wherein the material is initially cooled to a
temperature ranging from the phase transition
temperature to 20°C below the phase transition

temperature prior to depressurization.
11. The method of lyophilizing as set forth in

claim 1 wherein the pressure is decreased by about 7

psi or more.
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greater . 13 . The nethod of |yophilizing as set forth
in claiml wherein the pressure is decreased at a
wEe@3msmoss rate drop, DP/Dt , greater than abourCDU20p%003281
per- second. 14 . The nethod of |yophilizing as set
forth in claim1l wherein the pressure is decreased in
40 seconds or less. 15. The nethod of claim6 wherein
the material further conprises one or nore conponents
conprising a live or attenuated virus; nucleic acid;
nonocl onal anti body; polyclonal antibody; protein;
peptide; or polypeptide . 16. The nethod of claim 15
wher ei n conponents of reconstituted material exhibits

a function or activity inproved_over the functjon or,
acti vi2y a@@@cmtéwdwiqﬁwn&%%héh?%n@ 25 &EnstPT U et

c'l?géf&\' ?' wi&;re(y@ ith %rﬁé%é&@%yiau%ate%&émt@wml thdd. an
e met ho of]1yop 11"zing as set forth in claiml
atheobithet perowmmturd afati ko hePy Fm d Dlararft Y-8 T
qgngginers or vials and the dried product obtained

oM the plurality of containers or vials exhibit

relatively uniformreconstitution tinme.18. The nethod
of lyophiligzin tofO h 1613148 lagheLei fotPR in
nater?gr IS eé%3§?ﬁ§§ %fu%%???& of ég%tainers o? viaﬁs
andittha creareion odeetpobsained ifr glaarragredrafi &y of
containers or vials exhipLt el v uni 95t 0.2 -
PE??&Hﬁelﬁ§%§L$€9%f ég(gghtﬁﬁée%eﬁﬁ.&ﬁg. The met hod®
perclsaldsrid wherein tinme required for drying the frozen

material is less than the tine required for drying the
frozen material that is

14. The method of lyophilizing as set forth in
claim 1 wherein the pressure is decreased in 40

seconds or less.

15. The method of claim 6 wherein the material
further comprises one or more components comprising a
live or attenuated virus; nucleic acid; monoclonal
antibody; polyclonal antibody; protein; peptide; or
polypeptide.

16. The method of claim 15 wherein components of
reconstituted material exhibits a function or activity
improved over the function or activity associated with
components of reconstituted material from a

stochastically nucleated material.

17. The method of lyophilizing as set forth in
claim 1 wherein the material is held in a plurality of
containers or vials and the dried product obtained
from the plurality of containers or vials exhibit

relatively uniform reconstitution time.
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stochastically nucleated. 20. A Iyophilization system
conprising: a chanber having a controlled gas
wareospiees e and one or nore shel ves adapted toP¢IDUS200TI&03281

or nore containers or vials of a material; a nmeans to
control the tenperature of the shelves within the
chanber so as to control the tenperature of the
material ; a condenser coupled to the chanber and
adapted to renove any solvent or noisture fromthe
chanber; and a means to control the pressure of the
chanber to rapidly depressurize the chanber to
nucl eate the mater.i al during freezing and to maintain
a | ow pressure durlcg dry

18. The metho lyophlllZlng as set forth in
claim 1 wherein the material is held in a plurality of
containers or vials and the dried product obtained
from the plurality of containers or vials exhibit
relatively uniform residual moisture or solvent

levels.

19. The method of claim 1 wherein time required
for drying the frozen material is less than the time
requiréd for drying the frozen material that is

stochastically nucleated.

20. A lyophilization system comprising:

a chamber having a controlled gas atmosphere and
one or more shelves adapted to hold one or more
containers or vials of a material;

a means to control the temperature of the shelves
within the chamber so as to control the temperature of
the material;

a condenser coupled to the chamber and adapted to
remove any solvent or moisture from the chamber; and

a means to control the pressure of the chamber to
rapidly depressurize the chamber to nucleate the
material during freezing and to maintain a low

pressure during drying.
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