WD 03/ 006899 PCT/ US02/ 22378 CRYOPRESERVATI ON SYSTEM W TH CONTROLLED

DENDRI TI C FREEZI NG FRONT VELOCITY CLAIM OF PRIORITY (0001) This
applicatiwoosloadses priority to U.S. Patent Application Sercalushe22378

09/ 905, 488, filed July 13, 2001, the entirety of which is incorporated
herein by reference. FIELD OF THE | NVENTI ON (0002) This invention relates
to bi opharmaceutical material cryogenic preservation nethods and
apparatus, and nore particularly to a biopharnaceutical nmaterial cryogenic
preservation system and met hod which maintain controlled freezing of

bi ophar maceut CRNV:OPRESERVABTONS ¥ STOMUWETH CONFROBLED! r ol | ed
dendritic freezi n?)]gN‘iﬁ%ITftq@ 7 %@Iﬁﬁaﬁ @EL%IEEP ART (0003)

Cryopreservation o I opharmaceutical materrals Is inportant in the
manuf acturi ng, use, storage and sale of such materials. For exanple,

bi ophar maceutical materials aldAMMOFPRIOREIEr ved by freezing between
processing steps and during storage. Simlarly, in certain cases,

bi ophar ti . Ll . . of the
devel opreifor ol SYESUM Sablirior P RE0 5 PR CANRRLA% 88l T 1o
devel opmexié. 9V ISe4Ss, filddQ0K)13YDe0l, tid dntizdtn of ehichps Bsepuitddiereih bg over al |
quality, and in particular pharmaceutical activity, of the pharnaceuti cal
mat eri al defeEe¥Esi rably preserved, without substantial degradation of the
bi ophar maceutical materials. (0005) Currently, in sonme aspects,
cryopreservation of biophar FEEEDtQE AMHFANYENIKIN| nvol ves pl acing a

contai ner conprising the biopharmaceutical materials in a cabinet or chest

freezer al l.gw n 1e b i cal ter. to.fr e..ln current
cr yopr ed BT offth DGy BLR O bR EHep Rl RoGta lodelica 80 Buieh L
mat er i al smétBoMAHIHPPABER arldGdePaRIcARBH 0 a biopharmaceutical material
cryogenic preservation system and method which maintain controlled freezing of
biopharmaceuticals contained within a container including a controlled dendritic

freezing front velocity.
DESCRIPTION OF RELATED ART

(0003)  Cryopreservation of biopharmaceutical materials is important in the
manufacturing, use, storage and sale of such materials. For example,
biopharmaceutical materials are often cryopreserved by freezing between processing
steps and during storage. Similarly, in certain cases, biopharmaceutical materials are
frozen and thawed as part of the development process to enhance their quality or to

simplify the development process.

(0004)  When utilizing cryopreservation, the overall quality, and in particular
pharmaceutical activity, of the pharmaceutical materials is desirably preserved, without

substantial degradation of the biopharmaceutical materials.

(0005)  Currently, in some aspects, cryopreservation of biopharmaceutical materials
involves placing a container comprising the biopharmaceutical materials in a cabinet or
chest freezer and allowing the biopharmaceutical materials to freeze. In current

cryopreservation techniques, a container enclosing biopharmaceutical materials is



pl aced on a solid or wire-frane shelf in the cabinet or chest freezer. The
bi ophar maceutical materials are left to freeze until they are solid, in an
uncont r ol Wwetyz/heehi on. (0006) Significant | osses in bi ophagigtacevbral
material activity have been noted using such current techniques. For
exanpl e, observers have noted that stability and conformation of

bi ophar maceutical materials can be affected by | ow tenperature al one,

wi t hout any significant changes in variables such as solute concentration
or pH. (0007) Further, it has been noted that conventional cryopreservation

met hods can |lead to cryoconcentration, .or the redistribpution of solutes

i ncl udi né’?ar?F%%éf?ﬂé‘g%‘fVrE'éTamep?th&‘&fhech]?iﬁ?t.tq{éﬁ?srt Z&ff"voltime to the unfrozen
cavity wm%tp%aﬁﬁa%ﬁti&@ﬁﬁﬁéﬁ 2k RIFt 108zl il dyCROLdI w%r%?c%ﬁmﬂéae resul t of
cryoconcentration can | nclude the crystallization of uffer conponents

| eadi ng tfashéonpH change that can affect stability, folding, cause

undesirabl e chem cal reactions, or even create cleavage of the

bi ophar eutical ._material. Cryoconcentyration in conjunction with |ow

t enper 2 Q000) ot Simificaab psesnia biophaeruiabmalsriaAcsy Bﬁ‘gﬁ ngged

bi ophar i arf3R 1 Wi tq Ldi ! ; ct
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(0008) Addifoiratidnl of biozhaagecdutical meatariis @irterasfebiad bl dew temperauesilong,
conventiongl  cryopreservation.techpi ques. nt ai ner damage jyay be caused
R SR e e e A R

bi ophar maceutical materials within the container during freezing. Rupture
or dama t i ' ' ' i ' can
conpr om'qgoe&?gt eri P%ﬁg{ak éé(%rg&ott%dﬁ@ff)%ﬁg?{#ggéludtrf%ﬂ;?&?nﬁ%?F&lﬁhoc(%%?%fr%a%ati on or
| eakage a@o ctyosmcefitrdtion, i thp hedisteibebirn of abluteatisdludihg biopb@d)acéwtmbher pr obl em
faced by thpse, of Ifslk' Il in.the a{ht8 i% t hat .curi}enté% avail ahl e aprocess
met hods  AeAUEpem {he SosRnsYRS (e NBEREPSAVIEY PBFEJRdF COCPRIFRIGR may

bi ophar mMaceifidaGly ifFRa8E.1 ThSraRRNBT @ybdbndhtiAfbn Xdinkivide #R0Gythli&ATon of

scal ability. In " biopharmaceutical "manufacturing, there is a constant need
for si nplhaffee¢dnminents leadihg toracudi chanlge that eanl affagpstalibityh deldingesadboped at

e e A0SR R 5T BT} bl o0t on

material. Cryoconcentration in conjunction with low temperature effects may cause a

decrease in solubility of the biopharmaceutical material, with resulting precipitation.

Product aggregation (i.e., increase in molecular weight) has also been observed.

(0008)  Additionally, damage to the containers has been noted using conventional
cryopreservation techniques. Container damage may be caused by freezing stress due
to volumetric expansion of aqueous biopharmaceutical materials within the container
during freezing. Rupture or damage to the integrity of the container is undesirable, as it
can compromise sterility or lead to biopharmaceutical material contamination or

leakage or loss of the biopharmaceutical material.

(0009)  Another problem faced by those of skill in the art is that currently available
process methods and apparatus designs intended for cryopreservation of
biopharmaceutical materials generally do not exhibit good linear scalability. In
biopharmaceutical manufacturing, there is a constant need for simple, efficient and
predictable scale-up. Methods developed at research and pilot stages should be directly

scalable to the production scale without compromising biopharmaceutical material
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2 WD 03/006899 PCT/ US02/ 22378 quality (e.g., biological activity of the

bi ophar maceutical material) or process productivity. The predictability of
process bwbasiceisdbased on i nfornmati on devel oped on a snalPCT4Asat/2237% of t en
referred to as linear scalability. (0010) In scaling up a cryopreservation
process, discrete containers such as bottles, carboys, tanks, or simlar
single containers are available in different sizes. In virtually al

cases, the rate of freezing and tine to conpletely freeze the

bi opharmaceutical materials in each container is related to the | argest

di stance fr he ;cq0l.i urface. . Consequent l. er tines are required
to freez equgﬁ& (t&%‘ftbé(a?%w%f Cﬁ‘él%gftﬁs gm%glﬁ%ar%gﬁﬁai %ﬁtgnglg gﬁgrog 8ol i ng surface

t enper at Wredictivithi ThepRa’tabdit¢ bf hRrgarbehhviBSbasEo M@ Htiohldeveldg@asse this
results in | ower process throughputs. Further, the slow freezing is known
to cause %ﬁ%b%ﬁ@éﬁ?ﬁmIeéqﬂeélftP@&BHWtSﬁalﬁ‘tlthdetri mental effects upon the
product. (0011) Various strategi es have been adopted to mtigate this scale
up problem To freeze large quantities, one could for exanple use multiple

smal | er (0org)ai riarssalinghipvsestedpresedyAioairodes ddornd contaimats fudhlag beakrkai ners in
a freezer creates thermal .conditions differences, and tenperature

di f f er enCBEWEIARIESo Pt HMHaT siRge Comipiaprere avmiablen dilerany sivat dnamdugioduct
quality denend, 8 hASrAELAR ald RER0 cbffficSRACE AR GIMERRAE Contai ners,

cont ai ner shapé, and air novenent in t reezer. result s different
t her mal hhaenaly if eachtchstamonisealbtedaod thendigestdiistdnce drohatha eoslingsisface.eat i ng
problems with c liance with the Good Mapufacturi Practices , ) as
Wil be rRISPEISGHE BYECTERSS GIeATFaskio) pcphiie sPRentegf %gqrépa@nﬁast% %,\épit i s
al so ti Me,eANSHF N ARE MRS s RIaRHMAL. Veich Qorey fifl8s bRSintiirabld © @ 1 ar ge
nunber of subunit%. Proé%@# Iogésig'liké%y fb %gk fnp%rtagt 5? It is, to
sone ext dwrtauspitinpogsultomdbweioprobess tlontgliputy: FBwthémthe skowd fieezing s knowmber of

eom a0 ACSPAT B S P SFEr ST RBE LD, o, e
defi ci enci es noted above. 3
(0011)  Various strategies have been adopted to mitigate this scale up problem. To

freeze large quantities, one could for example use multiple smaller containers.
However, adjacent placement of multiple containers in a freezer creates thermal
conditions differences and temperature differences from container to container. The
freezing rate and product quality depend on the actual freezer load, spacing between the
containers, container shape, and air movement in the freezer. The result is different
thermal history for the contents of individual containers thus creating problems with
compliance with the Good Manufacturing Practices (GMP) as will be understood by
those skilled in the art. For a large batch, it is also time consuming and counter-
productive to divide the lot into a large number of subunits. Product loss is likely to be
important as it is, to some extent, proportional to the container surface and to the

number of containers.

(0012)  Accordingly, there is a need for apparatus and methods for cryopreservation of

biopharmaceutical materials that solve the deficiencies noted above.



WD 03/ 006899 PCT/ US02/ 22378 SUMVARY OF THE | NVENTI ON (0013) The present

i nvention provides, in a first aspect, a biopharmaceuti cal

cyropr esewQasioesdsyst em whi ch i ncl udes a contai ner havi ngPran/usoy/z37&ur f ace
area with the container being adapted to contain a biopharnmaceuti cal
material for freezing and thaw ng therein. The system further includes a
cryocooling enclosure having an interior cavity configured to receive the
container and at |east one heat transfer surface wthin the cryocooling
encl osure. The at | east one heat transfer surface is configured to contact
the outer surface of the SUMMARY OWEHE INVENIIOMI! i ng encl osure interior
cavity receives the container. The system further includes a cryocooler
thermally coupled to the cryocooling enclosure which is configured to flow
fluid t 0013 atTheauesenbinsenionrovidesnyf akirstagpeetc @ biophasweeuicak he t enperature
of the heat trans i.0 I n the
cont ai nercylt’oflt‘:feSe]fﬁ\'a{18 éég&fls }{aiﬂgu?lgréo n%% 2‘ %11 agﬁ E%ﬁ‘) {é’%?%:l%?]dtcgﬁe\gr&lhtut may

f1 ow wit lihelcamtaihér By atabtedad tatiin Witidphahigadeeadal inaterial for freurihgard to
transfer heat to or fromthe container and bi ophar maceutl cal S therein.

Also, a thawipsihareine Hsrysiem %lﬂbﬁénﬂﬁqlw %wpgag eerlogyes REol i ng

encl osur s r aﬁd‘{f t or the
cryocool Zr ﬁ%%%?% Eﬁéélﬁ%]&) reE%%atthE Icglg% n%f)ne teliaﬁﬁ?r}eaﬂr;é &Mgegr ace may be
conf i gur edtdin tleanyewbliag endlemm Therat m@sbcﬁmtheeﬂmasfem{suﬁm i$ aindiguredtter

surface area of the contali Pr ef er t he %%ilqt ane .heat .transfer
surf ace ic8N@HHAF GHICE §ufase eageptag)ter 1efqr¥‘?‘§?°€%g supesB¥iopFavityhe t ot al

out er sunfacksihEeomhindd efh‘é%%té’rh rfﬁ&he%ﬂdm&fs a c?ﬁ)%ol%ﬁh%ﬂﬁéﬂﬁdo\ﬁﬁleﬁ% cent
(75% bel ng nost preferable’ Mreover, the at” | east one heat transfer

surface rthn/cnynmdolmhg enviosurhedtich is aorsigwedstorfiaye ﬂsldctp ;ﬂ@sat feasioms hgalot her. The

out er surfac ta| ne u rst uter surface area
confi guré’a‘nf rﬁlﬁ CS ?c?"ﬁ’é"lﬁ? gwpﬂg@?e%ﬁb?%ﬁrm%ﬁ% a second outer
surface aji§hafifidcuaby] Sehiértal GaMiAGE cbginse ComOkie 1s§1'é1@ﬂ$1foﬁ{ corattingce. A
conbi nation of the surface areas of the first outer surface area and the

second ouheeonsainérabet mpxHovayithimen indhersel sedant vidithpbeat aaesieriusipcars the
: 8: 2: 83: (g?;ragﬁu ]i[ lfée%ﬁ?oa(?rre c%g?lfle c;[o}ﬂ%irf:eg Q}l@ Bﬂgﬁarm&gﬁ{chfsttyer&ﬁr 9\%& a( 50% of the

temperature sensor is thermally coupled to the cryocooling enclosure, the at least one

heat transfer surface, the fluid, and/or the cryocooler.

(0014)  Further, the at least one heat transfer surface may be configured to contact at
least ten percent (10%) of the total outer surface area of the container. Preferably, the
at least one heat transfer surface is configured to contact at least fifty percent (50%) of
the total outer surface area of the container with at least seventy-five percent (75%)
being most preferable. Moreover, the at least one heat transfer surface may include two
heat transfer surfaces opposite one another. The outer surface area of the container
may include a first outer surface area configured to contact the first heat transfer
surface and a second outer surface area configured to contact the second heat transfer
surface. A combination of the surface areas of the first outer surface area and the
second outer surface area may include at least ten percent (10%) of the total outer
surface area of the container with fifty percent (50%) of the total outer surface area of
the container being preferable. Most preferably, the first and second outer surface areas

include at least seventy-five percent (75%) of the outer surface area of the container.



t he contai ner being preferable. Mdst preferably, the first and second outer
surface areas include at |east seventy-five percent (75% of the outer
surface awea3obesphe container. 4 WO 03/ 006899 PCT/ US02/ 223C8/UsAt/s2378 t he
contai ner may be flexible and adapted to conformto the shape of the
interior cavity of the cryocooling enclosure. (0015) The present invention
provides, in a second aspect, a biopharmaceutical cryopreservation nethod.
The net hod includes placing a biopharmaceutical material wthin a
container for freezing and thawing therein with the contai ner having an

encosur ot goaaner g B3-St Sab T Rl b bEuRpCbY BRITEUN o ner

At | east @mﬁybeﬁ{e&y@d@@hﬁg eﬁd;dsg‘u&ce contacts with the outer surface area of
the container within the cryocooling enclosure. The cryocooler is

thermally coupled to the cryocooling enclosure and a cooling fluid is

f1 owed t H}e a’i‘hel 1%§ént nﬁgﬁé{ro{éldgﬂﬁgsec% e%t ta%l%j% u’&c@f tenperature

of the trans céutl 7%l within the

cont ai nercryaihesérmio@h method sThemetiod frmmdteklplaemgtaammfarmwhumynaf[érﬁw Wi t hin
or in thernal contact with the heat . transfer surface to transfer heat to
or from t Frihia groRtayes: %ﬂe%wéﬁm%fheaen withdhe peptainey hagingantaigser at ur e

Sensor u?i*a@é AR Th@@b‘rﬁh %"s?ecgﬂr@ %@&1& Gh %k\fr@h?%g%? Fu' east one

heat tran er surface cry rther,
t he at | dagtrioonavityeanfign@dsd mcelsatﬁeamﬁtantwy Mleaotnfne@maﬁohnsfer smrﬁatcact at

| east ten percent % 0%{% of the totfal_1 outer surf.ace area cont ai ner.
Pr ef er abl §Ptackewith the Quitersugface areant the copipiaer withip dhscryacop %F PRHE-t o
contact afpd &?@oooflér i Mleﬁﬁﬁlﬁﬁwupff:é@(/‘ihe%fryocbgﬁné %@osufélﬁn%ra L%Hﬁﬁg?‘ﬁﬁld% ea of
the container"wth at |east” seventy-five percent (75% bei ng” nost

pr ef er abl #owddblogbe et leadt ope heat repsfer surfacdiatontrpbihe t@npesamlfea)é ¢henfeopt | ncl ude

two heat, transfer sur,f e on The, out e rf.ace area of
the cont it Shiiee i G B abRRRG G Fae R MilRA the b5k Tne IS 20tk
the firstisheat ﬂédn@ﬂﬁ:f @Eltalr&lﬂrﬁlﬁ’-ﬁﬁ?’m% RitRRGR M tHREh&cositatf wRetRMRar confi gured
to contact the second heat trans surface. A combination of the surface

areas of transferispefacedattensierhgastocordram therpgntalieer and biopharmaceutical therein.

Also, a temperature sensor is thermally coupled to the cryocooling enclosure, the at

least one heat transfer surface, the fluid, and/or the cryocooler.

(0016)  Further, the at least one heat transfer surface may be configured to contact at
least ten percent (10%) of the total outer surface area of the container. Preferably, the
at least one heat transfer surface is configured to contact at least fifty percent (50%) of
the total outer surface area of the container with at least seventy-five percent (75%)
being most preferable. Moreover, the at least one heat transfer surface may include two
heat transfer surfaces opposite one another. The outer surface area of the container
may include a first outer surface area configured to contact the first heat transfer
surface and a second outer surface area configured to contact the second heat transfer
surface. A combination of the surface areas of the first outer surface area and the
second outer surface area may include at least ten percent (10%) of the total outer
surface area of the container with fifty percent (50%) of the total outer surface area of
the container being preferable. Most preferably, the first and second outer surface areas

include at least seventy-five percent (75%) of the outer surface area of the container.



second outer surface area may include at |east ten percent (10% of the
total outer surface area of the container wwth fifty percent (50% of the
total outwo ®uwoésage area of the container being preferablrET/V83022378
preferably, the first and second outer surface areas include at |east
seventy-five percent (75% of the outer surface area of the container. 5 W
03/ 006899 PCT/ US02/ 22378 Also, the container may be flexible and adapted
to conformto the shape of the interior <cavity of the cryocooling

encl osure. BRI EF DESCRI PTI ON OF THE DRAW NGS (0017) FIG 1 depicts a side

cross-seckjonal view of a.Dbi rmpceut.i cal terj cryopreservation
cyetem i BB stiiebinR e BRBRAR RN RS Bocmut foqoa SEPFPERESTRESE ol e
Cr 0SS- SeCivRPaF thel @YoRblidg BRédugd) of the bi opharmaceutical materi al
cryopreservation systemof FIG 1; (0019) FIGS. 3A-B are perspective views

of linear scaling of the biopharmaceutical nmaterial cryopreservation
systemof FIG 1; (O0BRIEN BESCRIFTION OF THERRAIINGHRal vi ew of anot her
enbodi ment of a biopharmaceutical material cryopreservation systemin

accor danc@owt h FiG: 1pdepitdd side BroeRidcatnal (V9230 a hbharmat&utidalghalerial
cross-sectional view of a partion_of yet another enbodinment of a

bi ophar nac ey PRIGTCYaito8 Sy stPmMdp perordangs Withithgmpregent xentioticcor dance with t he
present invention; and (0022) FIG 6 is a block diagramof yet a further
enbodi ment of a biopharmaceutical material cryopreservation systemin
accor danc@ods)t h Flie 20k eseletcrosssvativhaloview DEA pbitied dDESARD phblibeGi cal HE

I NVENTI ON (0023), The inventor hasgggﬁﬁpect edly discovered that controlling
the freezi MyEHPETY ORI VAIORSEFRD Lind cryoprocessing of

bi opharmaceutical materials can solve the above-nentioned probl ens.
According to an aspect of the present invention, the
(0019)  FIGS. 3A-B are perspective views of linear scaling of the biopharmaceutical

material cryopreservation system of FIG. 1;

(0020)  FIG. 4 is a side cross-sectional view of another embodiment of a
biopharmaceutical material cryopreservation system in accordance with the present

invention;

(0021)  FIG. 5 is a side cross-sectional view of a portion of yet another embodiment
of a biopharmaceutical material cryopreservation system in accordance with the

present invention; and

(0022)  FIG. 6 is a block diagram of yet a further embodiment of a
biopharmaceutical material cryopreservation system in accordance with the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

(0023)  The inventor has unexpectedly discovered that controlling the freezing rate
in cryopreservation and cryoprocessing of biopharmaceutical materials can solve the
above-mentioned problems. According to an aspect of the present invention, the

problems identified above may be partially or completely eliminated by ensuring

6



probl ens identified above may be partially or conpletely elimnated by
ensuring 6 WO 03/006899 PCT/ US02/ 22378 that cryopreservation or

cryopr ocedoimngoash9 bi ophar naceuti cal materials is perfornmeacriusoz2sent rol | ed
manner such that the freezing rate of the biopharmaceutical materials 1is
mai ntai ned within a desirable range. (0024) \When processing

bi ophar maceutical materials such as cells for cryopreservation, for
exanple, if the cells are frozen too quickly, with too high of a water
content, the cells may develop intracellular ice crystals. As a result, the
cells may thaptryppresenditon drecopeoasssingdil oph@madeaticdl heateriednid, peifbrridie cel | s

are frozen too | , the cells_ are exposed.to. concentrated sol utes over
extendod pett SEGPTE et iar i e SR RAGAr b8 bEBPR TGS Moot The

freezing rajsanmaniRlWatin Ruesnsldmegut i cal material distribution within a
frozen volunme with nonuniformdistribution of biopharmaceutical materials

|l eading to detrinmental effects. In an enbodi nent, control of the freezing
rate my represented as cpntrol of the dendritic freezing front

vel oci ty, Pf\g‘?ﬁ(ﬁ t&‘ﬁlea@ﬁoaclﬁfstnil%&oﬁaég??%wﬁ%%ﬁnﬂ%W%STCF@ % cooled wall into
a bul k regi eiyopfesérit@ionpioRRRafPRCE W ol aftBk&eh &o lﬁaﬂ%,f\bﬂﬁi’dorlﬁglﬁ atge also
affects the final frozen matrix, which nmay have %i ophar maceut 1 cal

mat eri al - pr WeEE cpHeptahe selbpmay fAevcden intragellulenicecrystalgiafvd g iremylt, the cells

characteris r - e trd ' [ i cal
material e gﬁé%e}’f@ g g%gggélot%ﬁ ]’?}\}fé%q%o(? ?igen&{ln%th%&éﬁf%{eaﬁgﬁ??{e%% glg{docr ystal s
may be a bi siptviy, tieceils beadxposdas icahcenpated esltiien gvéryemeend&l paial ofaimeyt i cal

mat eri al - danagi n trices y take different fornms; for exanple: (1) a
very tight {’T"glﬂlhl Yg’rﬁsqlééf@r 1 Rmaggt ri x or (2) an assenbly of a very |arge
nunber of fine ice crystals with product |located in very thin |ayers al ong
the crystal boundaries. The frozen matrix characteristics depends on the

i ce cryst @028t r uthefreczvg tatqmey effed diophtumectuticsl tnatenigl dikibdtomwithing i ce

SRERNCHTUENC TR Rt N
to detrimental effects. In an embodiment, control of the freezing rate may be
represented as control of the dendritic freezing front velocity, with the dendritic
freezing front moving from a cooled wall into a bulk region of the
biopharmaceutical material. The freezing rate also affects the final frozen matrix,
which may have biopharmaceutical material-protecting or biopharmaceutical
material-damaging characteristics. For example, a frozen matrix with
biopharmaceutical material embedded into a vitrified portion between dendritic ice
crystals may be a biopharmaceutical material -protecting type. Biopharmaceutical
material-damaging matrices may take different forms; for example: (1) a very tight
cellular ice crystal matrix or (2) an assembly of a very large number of fine ice
crystals with product located in very thin layers along the crystal boundaries. The
frozen matrix characteristics depends on the ice crystal structure with preferred
structure being the dendritic ice crystal structure. Such desirable matrix structure
depends primarily on a freezing front velocity with other secondarily important
factors being the temperature gradient, composition and concentration of solutes,

and geometry of the freezing container.



factors being the tenperature gradient, conposition and concentration of
solutes, and geonetry of the freezing container. 7 WO 03/006899

PCT/ US02/ 92805806899026) According to the present invention,Paraiseazisng t he
velocity of a dendritic ice crystal freezing front (hereafter "dendritic
freezing front") in a range from approximately 5 mllinmeters per hour to
approximately 250 mllineters per hour, or nore preferably in a range from
approximately 8 mllineters per hour to approximately 180 mllinmeters per
hour, or nost preferably in a range from approximately 10 mllineters per
hour to ap2éxi natehying 2otheiprdsemthesrtiopanaintiiming therewctte of adwadiitRgeous
Cryoprocessing co in a de range of systens.and feasible

ition
operating n&f gqyﬁtngr 874G, O@éh‘%f@ &t "@}i@ﬁ&%}@é&%‘ém HEee frapms nay be
mnimzed qf ﬁﬁg&
illustrates ptp e I’qﬁgil gﬁ %Je)ter %r\%e{g)élﬁ k&lmlta{ég %{/dllg dsdllget?:ﬁg ee2| ng
front and tmereanz@m)ffgd1nsapmngen@omfappraxnnatelydmhlhtm‘&rs pen hblhletocont ext of
freezi ng of biopha Utl materials. (0028 the velpcity of the
dendritic ﬁﬁ@g?f &ya@ﬁ} gmﬁﬁgﬂx¥gﬁ5$ fﬁ&ﬁ*ﬂg%ﬁ#&&Wﬁﬁ?%g T8N | 1§ meters
per hour, tdp@rcgﬁmfew EPiliheRSs SFdblr AN gm@q&mﬁﬁaystﬂa Rodhe
dendritic freezing front. Consequent ly, he dendritic freezing front

behaves as RIowdes atlvantagedusceyoprachssieg eandiicas dn binadrhangreefeystenalandmt eri al s

Dot pusheg TeREGtE bakEk Rifeib 05 B dehaR R pioBbpRh R AR bPOBeLS Coter ng

severe crylﬁﬁgﬁpzeatow{@i@m,i n the |iquid phase of the bi opharnaceuti cal
materials. (0029) As the velocity of dendritic freezing front increases to,
but still remains |less than approximately 5 mllinmeters per hour, the

dendr i tes W spuewWhal r . : '!ﬁ?e ing into
cel | ul ar 9E?ol nmar pa lg’rtﬁésafoullo%u%@lhg&gggg ﬂﬂg{r?t FF}B %&%&u rraYY%‘%gr cent age
of the sol uheSelomtjonﬁqiﬂlmmaﬁeemhg:ﬁrbnﬁm]ﬂehe sils alakespacieg offrbsehddeddiiteso t he

solid mass.. | nstead, t .of tthe sol utes alnd bi, Ehar maceut i cal
1n e context o eezing of biopharmaceufical materia

(0028)  If the velocity of the dendritic freezing front is much lower than
approximately 5 millimeters per hour, the dendrites may be small and densely
packed within the dendritic freezing front. Consequently, the dendritic freezing
front behaves as a solid interface with solutes and biopharmaceutical materials not
being integrated into the solid mass, but are being instead rejected and pushed
towards the center of a flexible sterile container thus causing severe

cryoconcentration in the liquid phase of the biopharmaceutical materials.

(0029)  As the velocity of dendritic freezing front increases to, but still remains less
than approximately 5 millimeters per hour, the dendrites grow somewhat larger in
size and more separated, developing into cellular or columnar patterns. In this case,
still only a small percentage of the solutes or biopharmaceutical materials become
embedded into the solid mass. Instead, most of the solutes and biopharmaceutical
materials are pushed forward by the advancing dendritic freezing front and their
concentration in the liquid phase of biopharmaceutical material 110 increases. This

situation may still result in damage to biopharmaceutical materials.



materials are pushed forward by the advancing dendritic freezing front and
their concentration in the liquid phase of biopharmaceutical nmaterial 110
i ncr easeswODhioe689%i t uati on nmay still result in danage to pcoalsar/maceuti cal
materials. 8 WD 03/006899 PCT/ US02/ 22378 (0030) As the velocity of
dendritic freezing front increases to, but still remains |ess than
approximately 5 mllineters per hour, the dendrites grow sonewhat |arger in
si ze and nore separated, developing into cellular or columar patterns. In
this case, still only a small percentage of the solutes or

bi ophar mg@é31)i c s mwe]lob'mjf of dmydritibémeezmg fnhiadcieskes g, but ¢td] =alaind lemss.

| nst ead, m) t of the s y and bio ceutical mater als ar.e pushed
forward by PHEAPRERMREHG G8 H??t?fﬁeerrhﬂg%aﬁgendrlﬁ%&IO‘é{ﬁalnﬁw ftlargefiRent r at i on
n the || auigd BOaNGe AlpdbliaRRUBERY bitd BlNIRLR b Rinch attd A R ANE ase T S

situation may still sult 'in dahage to bi opharmaceutical materials. (0031)
| f the vel ctilltoplyod srdelhmmcntagdcrféhesqige# mdnmhmawged nyggraaisimappr oxi mat el y

250 m i ters ndrltes S t to as i ze and becone
nore conp EF‘W 8%@%‘2“@31?%3 ‘;ef)%}dIIB%slsh& Stepd: 138 P@fstoﬁ'lt acB“éerl y enbed

sol ut es anchigMatrhadetfical aRAREAISHE pushel ifORAA Bja%laﬂkzﬁrﬂimg’@érﬂhh@fréemﬁg 0
freezing front é)0032 If the velocity of dendritic freezing front is nuch

hi gher t harﬁ@iﬁpﬁl shempéwﬁratzgmmﬁhp ﬂlnwétpéaa@ Pedrophetmacetical madiet 1 Hy sol i d
MBSS CONpri;ses, A" fﬂ@%%atmrﬁ&g%%}‘& Pé %Cﬁlgg&ﬁgcg 108 GG ystal s.

Such rapid cryocooli |eve supercool i ng
smal | vol unes of blopharnaceutlcal naterlals by free2|ng

bi ophar naceut.i cal rials in_thi Iayers or by sub rgln vol unes
of bi opha(()ﬂ%@eutf@’&lvef%{t&oifé?%drl“ﬁt eping fiogt incrersg ey oR @?tpﬁ@?me genl c

fluid. (0033 n'ﬁmm&éﬁgklt gouf aed%frfégﬁ Omg@%&fﬁa&% sﬁefaﬁa balometbeect ed to

supercooling in a phase a rapird ice crystal growth, the
vel oci ty ofcodgpacty paokedl rtbca'zby]@smfgrthmabi]ﬁmyo prapedy ebed sointes end padticlbs f ast
dendritic front te so that conprise

t
bi ophar nac éﬁmpéla?fwgﬁﬁ'%ﬁagl?%&%ﬁ ?fl"}lsrfé‘ Qs%??z&f’grg%lﬁes are not

(0032)  If the velocity of dendritic freezing front is much higher than approximately
250 millimeters per hour, the resulting solid mass comprises a random,
unequalibrated, structure of fine ice crystals. Such rapid cryocooling could be
achieved, for example, by supercooling small volumes of biopharmaceutical
materials, by freezing biopharmaceutical materials in thin layers, or by submerging
small volumes of biopharmaceutical materials into liquid nitrogen or other cryogenic

fluid.

(0033)  For example, in biopharmaceutical materials subjected to supercooling in a
liquid phase followed by a rapid ice crystal growth, the velocity of dendritic freezing
front may exceed 1000 mm/sec. Such fast dendritic front velocities can create solid
masses that comprise biopharmaceutical materials, wherein the solid masses are not
formed of equilibrated ice crystals. These non-equilibrated solid masses are prone to
ice recrystallization, when dissolution of smaller ice crystals and growth of larger ice
crystals may impose excessive mechanical forces on biopharmaceutical materials.
Further, biopharmaceutical materials in non-equilibrated solid masses may be

distributed between ice crystals in very thin layers on grain boundaries. This



formed of equilibrated ice crystals. These non-equilibrated solid masses
are prone to ice recrystallization, when dissolution of snaller ice
crystal s wod3go@sot h of | arger ice crystals may i npose ex®e€F4iSvr223exhani cal
forces on biopharmaceutical materials. Further, biopharnaceutical
materials in non-equilibrated solid masses may be distributed between ice
crystals in very thin layers on grain boundaries. This 9 WO 03/ 006899

PCT/ US02/ 22378 produces a | arge product-ice contact interface area, due to
the very large nunber of small ice crystals, which is detrinmental to

bi ophar naceptddoads ar]mtg@aimt-ic(e%ﬁt@t inteirface slendiuk té theSpACiaf® adbeb6f

regul at ed b¥ i@creaa g Md easi nq g eat flux out, of the system

(t hereby i nFPARHE FYFR Pre¥ frg%qrga 4R QIopRamaseytical materigléndri ti ¢ fr eezi ng
front velocities), and by selection and concentration of solutes. (0035)
The length of free dendrites may depend in part on the front velocity and
on the tél45¢} at Inter-danddiie sppacaigonag beheglﬂlaicrUby reeasifip er ﬂecreeasdgrtﬂ&s h¢ may

refer to th endrite sti to t d phase, or,
al ternati veﬁ? Qg’{tH%SXSFﬁn?:&h m@?"e‘é"m%ﬁ@ gfgg%t’saﬁ ﬁ?fﬁ%&ﬂ hase zone"
e.g., anmn xaeﬁcgui@ffresé@mg okt Gelb&ifies)! At seleeﬁ&dérﬂscoﬁa&daheﬂ bﬁlsd}a@§e bet ween
them At the tips of the dendrites, the tenperature is close to 0 C, and

decreases gradually to nmatch the wal | tenperature along the dendrlte

ength angsbe SokL Lo ATBe AMEYnf0 ABLG, DhOTE oS LEmSy atere of

l'i quid be tes ‘al's0 ded h-nearness

As cr yocoot}ier’tgmpﬁﬁturmgteél,enwlbﬂi‘g the deadritess OThel fee dkHdhteasays@bdrso thHehe sol ute
concentrati s a eutgfntgl c congentration and tenperature . (0036)

The sol utio ns@t%éﬁ?n eteRlickingdiae thelgd phass; on Aematigbinfige tiHeknssiml et e
or substangtah g% et e, « i: is a
matri x of tlegé‘ Iéi'en ri t%cér?dcé% %é{f!)sn an&d lﬁﬂ)gm?fogg&dr-{utlgesa %51: eutectic
st at e bet weseedidsosd lidendhatd lm:twecrﬁhemy AtdhestipsSdiike denldritessthé tampeeatarep! e,
car bohydrates) d ot, fo eutecti I ns rma glassy state
or crystal I’_lsz%osﬁg? &e@n%%@cﬁéﬁ%ﬂgr#‘@uﬁ @3&%@?}/@%‘%&‘[ gi?ggg tg‘? ate may
protect a bi&rhad PRSI e solidFkd Ghass WAEY 83 Be GoXs Ul tbRBeahad 6f

liquid between the dendrites also decreases with nearness to the cold wall. As

cryocooling continues, with certain solutes such as salts, the solute concentration

reaches a eutectic concentration and temperature .

(0036)  The solution between the dendrites then solidifies, reaching the complete or
substantially complete, or solid, dendritic state. This state is a matrix of the
dendritic ice crystals and solidified solutes in a eutectic state between those dendritic
ice crystals. Some solutes (for example, carbohydrates) do not form eutectics.
Instead they may form a glassy state or crystallize between the dendritic ice crystals.
The glassy state may protect a biopharmaceutical product, whereas a crystalline state
may have a detrimental effect upon a biopharmaceutical product. Dendritic ice

crystals are described further in R. Wisniewski, Developing Large-Scale

Cryopreservation Systems for Biopharmaceutical Systems, BioPharm 11(6):50-56

(1998) and R. Wisniewski, Large Scale Cryopreservation of Celis, Cell
Components, and Biological Solutions, BioPharm 11 (9):42-61 (1998), all of which

are incorporated herein by reference.
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may have a detrinental effect upon a biopharnmaceutical product. Dendritic
ice crystals are described further in R Wsni ewski, Devel opi ng
Lar ge- Scalwe o3fgoygopr eservati on Systens for Bi ophar maceuti cglctiysbenss
Bi oPharm 11(6):50-56 (1998) and R Wsniewski, Large Scal e
Cryopreservation of Cells, Cell Conmponents, and Bi ol ogi cal Sol utions,
Bi oPharm 11 (9):42-61 (1998), all of which are incorporated herein by
reference. 10 WO 03/006899 PCT/ US02/22378 (0037) An inventive apparatus
designed to utilize the above understandings is shown in FIG 1, which
shows a WPéMNar racewehiiad appataersidaignedytoptibize theabb esundsyssindingadécor di ng to
the presentinven . Bi. armaceutical materi al reservation system
100 conpri Shewg i ’?%gggli Hﬁll‘gﬁ W@Sﬂ?%ﬁﬁ@?wa&%ﬁpé@r&a tofy exi bl e
sterile contabhelcdAthe t@tHéy@%@im@&&”‘ﬁ@ﬁ%ﬁaéé&ﬁcéﬂ‘rﬁﬁe&ﬂ interior cavity
108, bi ophaf maceut i cal materials 110, a control system 112, a
cryorefri g@rmpr@nrvaslystsmrmﬂﬂo canplascseé"@epogtsysmm 103, ac(tO}ﬂtﬁmmJ sch as aput 1 ow
118, a cry t . w 120, cr oo solid, mss 124, a
dendr it 1 c” AIS0F Ao oRldines b kol e il B eatiohr 130, and
hoses 132. 1(0@0ﬁ8ﬁ)ha$hfablﬁiti¢élalhht¥mal§ I1wnabﬂoﬁtrslt@rstehﬁlmoawowﬁgé&ﬁoﬂ s di sposed
wi thin cryocooli 1g encl osure 106. Three interior cavities 108 are shown in
¥

FIG 1, butsyssme 14y an asgess parhliios # eeyosgrgantiingut flopnkl 8, a eipecoqlanoutnut nor e, ar e

vvlthlnthe 0 cavity 108
will be refer rgg) r%e?)g%aﬁy\?\ﬁ’ h? lglr%esnlcz(é1 ?M&ﬁ @%fmhgtﬁ%ﬂ P%per ed sl ot
108. Howevelendtitee 128\e tempematuee santar]BOrandalwsés E®.may be in a form other
than a tapered slot. Also, should it be desirable to increase the capacity
of biopharmaceutical material cryopreservation system 100, additi onal
caviti es | u f

bi ophar rragbe'mtal c?tﬂ&un%?lgre |f%glb§r§%r§? é@g?@gﬂ%n@glétg%%qﬁlggﬁmﬁpﬁﬁél g’p t aper ed
sl ot cavi t ieeslod@8 196U Ttrdeanterior augies 08 wecshoWhen EHpals butymaotfe wtﬁewer

Pt Teceu heRl B8l LYRBLESERY o s PSSR R e & 1 1

convenience, interior cavity 108 will be referred to herein with reference to FIGS. 1-

5 as tapered slot 108. However, the one or more interior cavities may be in a form
other than a tapered slot. Also, should it be desirable to increase the capacity of
biopharmaceutical material cryopreservation system 100, additional cavities
including tapered slots 108 could be added. As an example, a biopharmaceutical
material cryopreservation system 100 with six tapered slot cavities 108 would have
roughly twice the capacity of the biopharmaceutical material cryopreservation
system 100 shown in FIG. 1. If it were desired to reduce the capacity of
biopharmaceutical material cryopreservation system 100, it is possible to reduce the
number of tapered slots 108. The minimum number of tapered slots 108 according

to the invention is one tapered slot 108.

(0039)  In an embodiment flexible sterile container 104 is sterilized prior to being
employed in cryopreservation or cryoprocessing of biopharmaceutical materials
according to the present invention, i.e., flexible sterile container 104 is pre-sterilized.
If it is desirable to maintain sterility of the biopharmaceutical materials during
processing, appropriate precautions must be observed in subsequent manipulation of

pre-sterilized flexible sterile container 104.
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bi ophar maceutical material cryopreservation system 100, it is possible to
reduce the nunber of tapered slots 108. The m ni mum nunber of tapered

sl ot s 108waxwmoeing to the invention is one tapered sl ot PHABUSRALBE) | n an
enbodi nent flexible sterile container 104 is sterilized prior to being

enpl oyed in cryopreservation or cryoprocessing of biopharnmaceuti cal
materials according to the present invention, i.e., flexible sterile
container 104 is pre-sterilized. |If it is desirable to naintain sterility
of the biopharnmaceutical materials during processing, appropriate
precautions nust be observed in subsequent mani pul ation of pre-sterilized

flexible il e.cantainer 104, 11 WO 03/Q06899 PCT/ USQ2/ 22378 . (0040)
Fl exi bl e é@gm I gFlg%lmeeﬁt‘ﬂgf C‘ile}ﬂlnﬁg%%‘blﬁﬁ?lingléﬁ%& aapl‘_PﬁOHHH ROBIEtSo0l ynrer i ¢
material tompeARTH %rcélﬁététrélxtﬁv&fﬁmtrt]i!bﬁi& wfim o an@aceat@@ag g%?ﬁ&is' G@langRterial s

110 and to avoid undesirable |eaching o onents f exi ble sterile
cont ai ner 1Q4vpidtundesitablsharahdngef donaionents Sonafexilid Sterilercontner 404 et¢ of this

application,. hioco tinle . ial,characteri.stics iLnvolve benign

i nteracti ogblﬁfbtfaﬁm%fr%glﬁﬁlrr%?%ré{}?ﬁ @gl ﬁ’rf‘g? 8?11‘[%{?% O?ﬁ’iﬁa@{fffﬁmirhgiocf’%a@ilguct ure,
activity angaefiblichaeyteoibtiddiinpdlas baE ey fnkdiadtioNBHie biopitarmhabbutidhlanditial
negatively i npacted and any vi abl e bi opharnaceutical materials 110, such as

cel lul ar anHlOsuskthat hestyetuze, agtivatyasd eghigsey efibiopharampeutisalf materals $10 t abl e

bi oconpati b =Xl | al AN : t

i nvention c%ﬁﬁ?ﬁ%%xgﬁﬂiﬁ%ﬁ%%§{¢ﬁ§ yg%%pgggﬁgﬁﬁ%%ﬁﬁgﬁ?ﬁ%%ﬂgf2ﬁ§§§%H?|

al cohol copallyhennd fisshy peiduas] are hoesdpyete toxipeffysd. Suiebk, bipamesbRer S,

pol yam des, pol yprop I,epes, .pal yvi ny(lPﬂ' genefl uori de, polyurethanes,

pol yvi nyl chPBYR é%l}laé sGHER theeicape ofi the presant gventicn sompidserstilencc onpr i se

t he above. ; ter | epdibl L ' ' ' ceuti cal
materi al s 1%10942[%%1&@5%% gllﬁgloeg’i &nlg}ﬂtpﬂeegﬁglp %Jrh gg%:o@é%ﬁ%%?& %ﬁe@?ﬁlﬁc}rg&@gﬁ@my
conpri se priotlydthylew, polyeststs, pgdyanides) pblyprmplyEhes pslyvarylidenedltiodds ol ut i ons,

amno aci d (o Ul BLLONS, RERLl e 0Lyl ons: RoRLide, Laul atigns: DA

sol uti ons,
comprise the above.

(0041)  Sterile flexible container 104 contains biopharmaceutical materials 110. In
an embodiment, biopharmaceutical materials 110 may comprise protein solutions,
protein formulations, amino acid solutions, amino acid formulations, peptide
solutions, peptide formulations, DNA solutions, DNA formulations, RNA solutions,
RNA formulations, nucleic acid solutions, nucleic acid formulations, biological cell
suspensions, biological cell fragment suspensions (including cell organelles, nuclei,
inclusion bodies, membrane proteins, and/or membranes), tissue fragments
suspensions, cell aggregates suspensions, biological tissues in solution, organs in
solution, embryos in solution, cell growth media, serum, biologicals, blood products,
preservation solutions, fermentation broths, and cell culture fluids with and without

cells, mixtures of the above and biocatalysts and their fragments.

(0042)  Flexible sterile container 104 may vary in size and may accommodate a wide
range of biopharmaceutical material volumes. As flexible sterile container 104
varies in size, it may be necessary to vary the size of tapered slot 108 so as to

accommodate flexible sterile container 104. One the other hand, tapered slot 108
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RNA fornul ations, nucleic acid solutions, nucleic acid fornul ati ons,

bi ol ogi cal cell suspensions, biological cell fragnment suspensions

(1 ncl udi nyocwslooeses ganel | es, nuclei, inclusion bodies, nerdaTAMK®2p208EI NS,
and/ or menbranes), tissue fragnents suspensions, cell aggregates

suspensi ons, biological tissues in solution, organs in solution, enbryos
in solution, cell growh nedia, serum biologicals, blood products,
preservation solutions, fernentation broths, and cell culture fluids with
and without cells, mxtures of the above and biocatal ysts and their
fragnment s. mo04@pmEhedeieflexitdt steiilecontinteas ek ofidifferemiyheighty, anditlgisze and may
accomodat e,.g. Wi de . ran of. bigpharaceyt cal teri.al, vol umes. As
flexible stdé&f“ieﬁ{j%?}ﬂ‘?lﬁ?'n © si@@f(%g%rch@oti f;b%s‘}l%ye]?en;?eltermdb‘égl%cessar y to vary
the size ofcohaagiondl BbRqubSISPpRferfed enffodRASRAR:XSIE bigricloBtafies Dk €
contai ner 104. One the o(% her hand, tapered slot 108 12 WD 03/ 006899

PCT/ US02/ 22838 volimgetric capanityiat aerahpefipml appaaxémplely Honilhliteeste 104 of

di fferent hei ghts n s diffferent. vplunes. T si ze of d sl ot
Y08 oy be oty RaBhfortiSs, & rak BBl meb et bl Sl P 8D F o
enbodi nent ,mflliketdb @pproginkdi€ly 080 liddrs) € al@fhatiné preferredleiRidirméntg;apaci ty in a
range from approximately 20 mlliliters to approximtely 1000 liters, and

nore pref erfi@uble stgrile qontrdner 06 hespprlBsachict@Pyciyon a rigelffdmt ers to

appr oxi mat 3 i At I j I : I . exi bl e
sterile con f‘%%?la!f&%o;gﬂlgﬂ\e/lglt%ﬁ%‘%}%@a@%{gg—gl{) %flﬁlﬂergﬁﬁé@ P’&@rﬁt&

appr oxi mat el hted @apprdtimbietye2(Bliters, apfpomapprtkahately@S millilitelrs toer s, from
approximately 1 | iie to approximately 20 liters, or from approxi mately
0.5 millilidP@rgamgtela g matel y 100 iiters. (0043) Bi ophar nmaceuti cal
materials 110 conprise solid mass 124, dendritic freezing front 126 and
dendrites 128. Tenperature sensor 130 may be | ocated at one or nore points
on an out@943Iur fRiephainatapieslodatstias 110 8ompuset obid mase hdb dendiccirezihgbe

| ocated on. an .i.nner, .surfa of. t apered sl ot 8 0 oul e integral to
apered | droitdab e AT SIa s PBUR SR 1 retes BRHed i PofHe] s em
112 or cryqiophts of @hdlutePBurface of tapered slot 108. Further, sensor 130 could be located

on an inner surface of tapered slot 108 or could be integral to tapered slot 108.

Sensor 130 may provide an indication to control system 112 or cryorefrigeration
system 114 of a temperature at a particular location. Through the use of one or more
temperature sensors 130 and the principles of thermodynamics, the temperature of
biopharmaceutical material 110 may be determined at a given point in time.
Accordingly, control system 112 and cryorefrigeration system 114 may regulate a
temperature of biopharmaceutical materials 110 to regulate the freezing or thawing
thereof. In another embodiment, temperature sensor 130 may be located within
hoses 132 which receive the cryocoolant such that the temperature of
biopharmaceutical materials 110 may be regulated based on temperature differences
detected in the crycoolant. For example, temperature sensor 130 may be placed in
crycoolant output flow 120 and crycoolant input flow 118 such that a difference
therebetween may be utilized to determine the temperature of biopharmaceutical
materials 110 and therefore desired regulation of the flow and/or temperature of the
crycoolant. Temperature sensor 130 may comprise a thermocouple, a thermistor, an
RTD, or other conventional temperature sensing devices suitable for use in a

cryogenic environment. In an alternative embodiment, temperature sensor 130 may
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system 114 of a tenperature at a particular |ocation. Through the use of
one or nore tenperature sensors 130 and the principles of thernodynam cs,
t he tenpeweatoanessed bi opharmaceutical material 110 rmay bePdettsSon2asesl at a
given point in time. Accordingly, control system 112 and cryorefrigeration
system 114 may regul ate a tenperature of biopharmaceutical materials 110
to regulate the freezing or thawi ng thereof. In another enbodi nent,
tenperature sensor 130 nay be |ocated within hoses 132 which receive the
cryocool ant such that the tenperature of biopharmaceutical materials 110
may be regbkeadispdsdiomaedofiexibleptard¢ congainkrf f0d raad ey bedetempemthiré renidie-

crycool ant. For exanple, t erature sensor 130 may be.placed in

crycool ant SEHR evfcfeowdifﬁ)efg‘ﬁ ag}ph}t%}r&%gechquraﬂ%\ﬁ;@ Y that a
difference therebetween nay be utilized to determ ne the tenperature of

bi opharmaceutical materials 110 and therefore desired regul ation of the
f 1 ow and/(8§44) e npescassupoat b6 maebe an gsepidd port andlimap pemitingrodedtivof 130 may

conprise a,thernocoupl therm.stor, .an . RID, or 0o r ¢ entj onal
Comper ot ur SRR ety ] Bl g onfin® 1 08 e SRBYERY Mo rrent
In an al t episdhhMBacRiied niidials 1 BNR&H AbkibR: K116 @bntdider DEY InkieWii#3/ 006899
PCT/ US02/ 22378 _be di sposed outside flexible sterile container 104 and may

be a tenperEbefEnendsnpeE-118anas) ingludeoiecw merewf gach gfghe llawingtypesLli nf r ar ed

t enper at ur NSk i : . { n aseptic port
and may pefpr%ﬁg q?l!\lp g Bgﬁ%teﬁgjrt\ylég Béﬁ%’ cv)glﬁ}?ﬁ’csg%ﬁlgéﬁgﬁéﬁéﬁgg % 110 into

f1 exi bl e sttenpdratueomeasunap pdiid (inn préfednell embddimbnt doingpisareaepdd tis)]
materials 110 from.fl exi bl eﬂ%t erg e. cont aj. ner %,04. I anaditernati Ve,

enbodi ment $PeGHOBEOPia BF e berved T GREPRHS (P 8P ebEROUREHEOPBISBRI ng
types of Qﬁg}n%gpéd {hth RE1DRoF franpAREYIEAIORRESAmoYSEL e £04 Fifer gpAEP! 1 NG ports,

addi ti onal ature measuring ports (in a preferred enbodi ment
conpri si ng speati@spEic piob, or anmetical deedpiccirepzing fygnt strasgobrpbe) bétrasobe port s

(in a preferred. epbodi ment, conprisin a tip capped with a clear or
t ranspar entedeP(grhtéc ﬂ%ezg&r%mm ,prgbﬁg?ﬂsap?ﬁtgtgracg&q“@\énatg SEEEE8S copi ¢ probe,
or an opti ¢ahdeteRey ot bH détedbd)and 61Bek. PERSI18dY iablade a bag r@soni c

detachably connectable to a stem (not shown) on container 104 such that when cap

117 is removed, fluid communication exists between the interior and the exterior of
container 104. Alternatively, port 116 could protrude and extend into the interior of

container 104.

(0045)  In alternative embodiments, supplemental ports, preferably aseptic ports,
may be mechanically coupled to the upper surface of flexible container 104 and may
protrude and extend into flexible sterile container 104. In one example, an interior
temperature sensor aseptic port 230 mechanically coupled to the upper surface of
flexible sterile container 104 may allow passage of an interior temperature sensor
216 that directly measures the internal temperature of biopharmaceutical materials
110 at a point within container 104, as depicted in FIGS. 4 and 5. A supplemental
port 204 and/or supplemental port 206 may also be included to provide additional
passage for temperature sensors or for access to the interior of container 104. Such
ports may protrude and extend into flexible container 104 or may merely provide
fluid communication between the interior and exterior of container 104 without

protruding and extending into the interior of the container.
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dendritic freezing front sensing probe ports, ports to accommodate

el ectrical conductivity or pH el ectrodes, and others. Port 116 nmay include
a cap llwodewemsbabl y connectable to a stem (not shown) omCxarsvazaies 104
such that when cap 117 is renoved, fluid comunication exists between the
interior and the exterior of container 104. Alternatively, port 116 could
protrude and extend into the interior of container 104. (0045) In
alternative enbodi nents, supplenmental ports, preferably aseptic ports, my
be nechanically coupled to the upper surface of flexible container 104 and
may protrude and extend into flexible sterile container 104. In one

exanpl e, nt ture e r, a 2 mech nlcaIIy

coupl ed t@gﬁ/ ﬁ[f)l F’l §&ﬁr{‘{g rgper }q%‘ ?‘?‘ﬁ?ﬂé g‘(‘%?“l fggf,lgiﬁht%l Lyc t‘fﬁ may al | ow
passage of @dkibilliyehbik tﬁa@ Rmrs af ﬁéﬁb&%’iﬁé co@aﬂlﬁert1f®atdeﬁhlﬁﬁﬁideyt1ﬁ%@aﬁur es the
internal tenperature of biopharmaceutical materials 110 at a point within

cont ai ner Iligead Oﬁbloﬂbé}rm?@@lﬁloﬁwnﬁllews isidenef fBxible sfemlsicentainteall04.plor t 204
and/ or supplenent or.t 2 al sq_be |ncI ed t 0.pr,ovide, additional
passage T ord LTS spRRineBRe pPBbis s MpiBE 0 Sohae P e 6 AERR0T 2 ner
104. Such ﬂﬁfdc&n@ﬁ(ys fesrp brsufteaBedic@xdigsroviiict eanfeensidel coromtiitedniity 104 or may
mer el y prOV|de fluid communication between the interior and exterior of

cont ai ner 1904lapges iy ifsell. pHewevesi ndiosd adlexbbeisterdeicapigineha 1igid eF $&mi- of t he
t / / |
A S e T BRI, ) e

t hat wal | s which hexflédiee stadls iahé camobd storedrin dcﬂkhps@tfsham, bnteight heirgbiat i ¢ head
of bi opharnmace Qfdcal terials inside of fI.ea'i bl e IEI’I | e contaji ner 104. In

al t er nat i ve’°5ify apg WASH BBLYs %4 PPE 3R RN BRICA G40 FUHYRR 1Sy shape and

structural sh‘é?i@(’avﬁ@ﬁ @rhbt%r@nﬁﬁ)rﬁié%@gé%tow WES ﬁ%ﬁt@iﬂ'ﬂﬁfodﬂ@ﬂ (?E‘ gan be
folded, or while enpty” col | apses by itseéel ieu of a flexible

sterile corpaskessss, suﬁicmrgﬂdxxbthtsmdapt tcgtihd cn’omcmngewalimhamé lided. Such a
cont ai ner e fro stiff.er f exi bl e . wall s and can
be 'stored 1OrBBITdaent ke SBE* s of e Bbe i B e

interior cavity of cryocooling enclosure 106.

(0047)  An advantage of flexible sterile container 104 is its characteristic of
conforming to the shape of tapered slot 108. This characteristic is of significance in
promoting thermal contact quality and repeatability between flexible sterile
container 104 and tapered slot 108. The higher the quality and repeatability of the
thermal contact between flexible sterile container 104 and tapered slot 108, the
better the cryopreservation performance of biopharmaceutical material
cryopreservation system 100. The dendritic freezing front velocity depends, among
other factors, on heat flux which in turn depends upon the quality of the thermal
contact. The thermal contact between the wall of flexible sterile container 104 and
tapered slot 108 depends upon the amount of air, with its thermally insulating
properties, that is present in any gap between the wall of flexible sterile
container 104 and tapered slot 108. Accordingly, pressing the wall of flexible sterile
container 104 against tapered slot 108 may serve to improve the quality and
repeatability of thermal contact. Thermal contact quality and repeatability may be
enhanced in a variety of ways, including imparting a slight internal pressure to

flexible sterile container 104, for example through use of an inert gas blanket.
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some of its own shape when enpty, to a nore rigid type, which can maintain
its shape when enpty and/or deforns partly only when filled wth product
(i.e., itwoposemssses sufficient flexibility to adapt to tReTarSynza3es i ng

wal | s shape). It is desirable, however, to have such a container be of a
shape to be received within the interior cavity of cryocooling enclosure
106. (0047) An advantage of flexible sterile container 104 is its
characteristic of conformng to the shape of tapered slot 108. This
characteristic is of significance in pronoting thermal contact quality and
r epeat abi | i Alferbetivabpra Weightirhdyebesloeated en tapoofifbeixitde stdxilé camtdinen pl, dlaiss| ot 108.

The hi gher the.qualit nd.re tability .of the. ermal contact between
lexibre. sudprie DorpieRire TER6R fe fintufersiol; inchdPedhy “hotter the
cryopr eser Vigbplimpedutihlane2alo1 1 RiagARAHRGAS bLRdxiIB bt Iedontainer 104,
cryopreservation system 100. The dendritic freezing front velocity depends,

anong ot heandfthereby snhagaing dkermpl eputaghiedity and iepeatelabia nddeupd greases qual ity
of the ther@alsggnégec&. The thermal contact between the wall of flexible
sterile con Aer 1 and tapered slot 108 depends upon the amount of air,
with its thermally insulating properties, that is present in any gap
between the wall_of flexible 1iteri | e container 104 and taqﬁ)ered sl ot 108.

Accor di ngf¥48)pr asanryniosEmenly ?Xél?leﬁeg qomizingrd Pt may be dolded Frstoregs fgai nst
tapered sl O&mép&#?grﬁaﬁmﬂ&éa éirf&) E@B(fi{l% ﬂ?ed%@&’gg)ﬂref’cggaiﬁloh%ﬁ’eat abi lity of

t hermal contac mal contact quality and répea Ity may be enhanced
in a vari etogryofrovesysg acemflingitontheipngsant inmeptmns [ g bdlatedierebodimept; esgure to

flexible sterile container 104, for.exanple through.use of an inert. gas
bl anket - 16509 G BrsRBsT ks s gt S Sl oy ety *be
| ocat ed on #iQpkiAty fol fBliRkEhS FQHinkAng AALINE bf A8dblekRHE cdPiA83110d ahde
contents of flexi'ble sterile container 104, including any

bi ophar macemey bafoldest ogetherswith Sexiblgastande cotizinenal s lmpnef ¢xamiple, éntstier i | e
cont ai ner 104 nd _t her eby, [ ern nt act .qual i.t.y .and
" apeat ani | ey reRF shitCh R EL0A0S M SPp Bl PARLS ofigihddlil o
substantially-central area of flexible sterile container 104. In this embodiment,
flexible sterile container 104 may be folded longitudinally, along interior
temperature sensor port 230 and any additional aseptic ports coupled to flexible

sterile container 104.

(0049)  Freezing system 102 comprises control system 112, cryorefrigeration
system 114 and one or more temperature sensors 130. Freezing system 102 is
removably coupled to flexible sterile container 104 via tapered slot 108. Freezing
system 102 is thermally coupled to biopharmaceutical materials 110 via flexible
sterile container 104 and tapered slot 108. Control system 112 is coupled to one or
more temperature sensors 130 and to cryorefrigeration system 114. In an
embodiment, control system 112 and cryorefrigeration system 114 are located
outside cryocooling enclosure 106 and are coupled to it. In an alternative
embodiment, cryocooling control system 112 may be disposed inside cryocooling

enclosure 106, but outside flexible sterile container 104.

(0050)  Cryorefrigeration system 114 comprises cryocoolant input flow 118 and

cryocoolant output flow 120, both of which are coupled to cryocooling enclosure
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(0048) In an enbodinent, flexible sterile container 104 may be fol ded for
storage or transportation and unfolded prior to being used for

Cryopr eSewaisiooesdor cryoprocessi ng accordi ng to the presedr/isweemsson. |n
a related enbodi nent, any aseptic ports coupled to flexible sterile
contai ner 104 may exhibit various degrees of flexibility to facilitate the
folding and unfolding of flexible sterile container 104 and mnay be fol ded
together with flexible sterile container 104. In one exanple, interior
tenperature sensor port 230 (FIGS. 4 and 5) is inflexible and is di sposed
in the subHIGaﬂief@abrlc;ouplﬁrg erabrefrigesatioh syétanilbheviﬂt@ybdoelingamﬂbm101504 In
this enbodi er i bl e ﬁéeri | @ cont ai ner Ha % fi

| ongi t udi natP COOAqngﬁg PYrE 108 compHsEs Srvaconian  themagy YREPiaAy

addi tional B$eRIhhimRA0HS] HRMRRd 00 (frﬁr@d&'hﬁk%nc@élﬁé Ub@ls%ﬂli,tﬁlcfb%rso]a94- (0049)
Freezing system 102 conprises control “systém 112, cryorefrigeration system

114 and oneodlowmyecdodantd22ina serise fiasbion pagGachFfledblersteridy serdamar0D4i s

renovably c o fle |b| steri t al ner Vi apered sl ot 108.
Froesing Sptiiehiioes 132° T dndiadt tos st BRSBTS P B rmt ot 1 al <
110 via fl el ddoBlanS12Y inla? be(peltfaﬂnﬁbarm 3 Q4raBBOfat1ape pad fiskidle stéifle Control
system 112 is coupled to one or nore tenperature sensors 130 and to

cryor ef ri gefoatdingn 18 st amhodimenta aryoeqelisy il A2 may copmrisopir oy ethergasay and

cryor ef 11 0ea o T HANMARLS LAEATSHed B SLIRUELYBATA L RNghESUr e 106

and are co an alternative ocool'ing control

system 112 tiggfed €lutt, aRoB6ld fetiss, felyethyleogllytslgfresind myrbem&@@ g..ladClout si de
flexible sterile cgntainer 104. (0050) Cry orefrlglgratlon sy tem114
conpri ses s eT Aaid nEFagens %9&1011163 eé‘ﬁﬁpl%tﬁ%% HH18 BaY BIsude0BGO1 20, bot h

of which ar %%%Otgﬁlsfbg st e%&g gﬂllldhlr}ﬁ rfﬁﬁ%ﬂuﬁé Uﬁ?or Iﬁgrewgapéécﬂg}@gt%ggol&s 14 wi th

PCT/ U802/2 y coupling cryorefrigeration s
cryocool i ngCerciaianirl@2 hf. flovCihyrougididsesyl 32rtolsogucals 10 6ause wpolinges cryocool ant

120, i oh L schpetalix coupl o bipohar TRecul] ol et 1S 110
biopharmaceutical materials 110 in container 104. Further, in another example, the
heat transfer surfaces of tapered slot 108 may be configured to contact at least ten
percent (10%) of a total outer surface area of container 104 with the heat transfer
surfaces contacting at least fifty percent (50%) of container 104 being preferable.
Most preferably, the heat transfer surface may contact at least seventy-five percent
(75%) of the outer surface area of the container. Also, tapered slot 108 could
include a first heat transfer surface configured to contact a first surface area of
container 104 and a second heat transfer surface configured to contact a second
surface area of container 104. The first surface area may be opposite the second
surface area and the total surface area of the first surface area and the second surface
area could contact at least ten percent (10%) of the total outer surface of container
104. Preferably the first surface area and second surface area contact at least fifty
percent (50%) of the outer surface of container 104, and most preferably the first and
second surface area contact at least seventy-five percent (75%) of the outer surface
of container 104. Also, the container may be flexible and adapted to conform to the

shape of the interior cavity of the cryocooling enclosure.
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to flow cryocool ant 122 in a series fashion past each flexible sterile
contai ner 104 through hoses 132. In another enbodi nent (not shown in FIG
1), flowwbDo3oesgerool ant 122 may be perforned in a paral | eCTfimetiz3m past
flexible sterile container 104. In an enbodi ment, cryocool ant 122 may
conprise air or other gases (particularly effective when used under forced
flow conditions), liquid silicone heat transfer fluid, alcohol, freons,

pol yet hyl ene gl ycol, freezing salty brines (e.g., Call brines), or liquid
nitrogen. I n another exanple, tapered slot 108 may include one or nore
heat tran@i8l) suTlieelasenthotficeriyg sysehull2 aeeomtruced so hetatcomqrisanger coils.

Cryocool ant | 1 2 y fl oygh hoses 13 0 suc | s.to gcause cooling
or  heating® ORe de ??%%%&%P%&ﬁ?%‘é‘é“%{hﬁ Cf’ﬁtéﬁtléﬁ F"?Zé%%i”rctg or thaw ng
bi ophar ”aceé‘ﬂ)f)]ﬁagllgaé%tﬁ:{l' énat;@mhﬁl O B%xﬁéuﬂ@ﬁ lnlc%lng':tlﬂé R/E’l%&zty (i R ReT

exanpl e, the t transter surfaces tapéred sl ot may be confi gured
t o cont act mate)lbo€dstdritiefireeping d@nt 1161&@&11mblopharma%€lutlo@ltm¢telsusﬂbQ;en area of
contai ner 104 with the he t1 B{aﬂé surfaces cont actll { t fifty
percent ( 5094EHHORGRPEFHRIClY o MEBPITEFrHPE MQPLG ARPrOX e y%ggfnélrl 4BPYS t he heat
transfer susdags: PRYJ 6©ReabdckahfotBAsdn SOV DAL ¥r ﬁlbyeeteﬂt?reﬁaﬂte ser(sé03 o.of the
outer surface area of the container. Al so, tapered slot 108 could i nclude

a first heat transfer surface configured to contact a first surface area of

cont ai ner(oigéc nlglroggra ond hrgﬁrggtat%g};ﬁ?ﬁ h?a‘l'@gf&n{eofcont act a

second |rs sur ace area may be

opposi te t heys&wtn encﬁ@buteals(% By @mamng iidaefrbmtthdt velunia cs alye&f@gerathm first
surface area and the second surface area could contact_at |east ten
percent ( 10%¥ptest 1}t%ﬁt%tsaheabﬁ?’é‘rw@ﬂfltcé)@éo%lfngé‘é‘ﬁltoé‘ﬂrﬁé106 the lempstdfisr abl y t he

first surf alﬁ?ld@r RERYGeTHE fbﬁf&tﬁﬁggeﬁ%ts%?itle @txntélﬁélsf04fdef:1te¥sesper cent

(509% of the out r ace of contal ner nost preferably the first
and secondAsulrésahgaan@arauuatgmhermﬂeteéqstbemammocbol‘mt ];i’ér\aﬁmle(%% of the

adapt e 1o GHABAREDE Sor0e carp (R R eERra el et TS i ocool | ng
encl osure. J4Y¥vBRMOGEISHREMAdSREE] Adaehfhls 110. As a result of this temperature
gradient, and because flexible sterile container 104 permits heat to be exchanged
across its surfaces, heat is removed from biopharmaceutical materials 110, thereby
cryocooling biopharmaceutical materials 110. Consequently, cryorefrigeration

system 114 indirectly cools biopharmaceutical materials 110.

(0053)  Cryorefrigeration system 114 feeds cryocoolant 122 into cryocooling
enclosure 106 through cryocoolant input flow 118. Cryorefrigeration system 114
recirculates cryocoolant 122 through cryocooling enclosure 106 by removing
cryocoolant 122 through cryocoolant recirculator 120. In a preferred embodiment,
when biopharmaceutical materials 110 are being cooled down, the temperature of
cryocoolant 122 fed by cryorefrigeration system 114 into cryocooling enclosure 106
through cryocoolant input flow 118 is lower than the temperature of cryocoolant 122
removed through cryocoolant recirculator 120. Consequently, in this embodiment,
cryorefrigeration system 114 processes cryocoolant 122 to decrease its temperature

before feeding it back into cryocooling enclosure 106.
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(0051) The elenents of freezing system 102 are constructed so as to
conprise a feedback | oop. The feedback | oop is constructed to control the
freezi ng wb 03bbdephar maceutical materials wthin the contaiPe@rysot/eesiaidi ng
the velocity (i.e., growmh rate) of dendritic freezing front 126, within
bi ophar maceutical materials 110, in a range from approximately 5
mllimeters per hour to approximtely 250 mllinmeters per hour based on
feedback information fromone or nore tenperature sensors 130. (0052) In
operation, cryorefrigeration system 114 cools the internal vol une of

cryocool i @g5¢nc| Oprefrigoatiby sysemVi feanhgrl tHeraidanh dlredtnUABvhidSthe
cryorefrigeration s%st em 114 renpves heat fromw thin cryocooling
{0

encl osur e 1li§BeratEe O hisphaimacauticplmpigaals y 8 vades byeitarmedidyiag e but

out si de fl exj f d i ! .

omper at ur e R BEACDF b bSR3 30 M0 SASBIREBHbaE 106,

f1 exi bl e stad dreo@oinail 2Brenid¥4d foin ¢rpsdodting eyclcant i 0Q oehy hb&ipethd 06 and t he
war mer vol une of _hi.opharnaceuytj cal, terjals, 110. As a result of this

t enper at ur et ygreh ﬁyoﬁﬁm’égéglﬁs‘é@l a@?@ithoé‘gEP@?ofP@”’&ﬁ%]é’PW@rloi‘LO@ permits
heat to be lﬁéf‘emagzﬁifbodﬁﬁérfl?,%héngb%oﬁfémﬁ%ﬁﬁcal %ﬁléridllénf Baﬂ%ff{o%ﬂ to

bi opharmaceutical materials 110, thereby cryocooling bi opfarnmacdeuti cal

mat eri al s lihoreasgoths digazing kats othigphaematayticatmatarials ¥ §3, erpotdfigemation ect | y cool s
bi ophar maceutj ca terials 110. (00 Cr) frigeration m 114 feeds
cryocool antsyf#fgﬂ ,H{T]glc{:elav&gieoﬁemara{"gﬁg&%?ﬁﬂ%?&%%’e?ﬁ?%ﬁ%oﬁ?@%2%%1 B i nput
flow 118. Qryedciihk @8E0éire mo&arﬁilﬁff%ﬂamacdlﬁféalrrﬁatb@a@ﬂ(s:wﬁﬁ@l@i &¥ling22

t hrough cryocool i ng encl osure 106 by renoving cryocoolant 122 through

cryocool antdqvarsiyeeradasl 2226 an ftesngbive felpted greds mphadimentyhen

bi ophar maceut i cak rd i i s § rature of
cr yocool ant 5 iesRSH el evhBlelectit RinC OO Y piiRuns B bHIREH R

encl osur e ldifferenbiniOhegivedr grpa@olaant2d fep ittofokywodll émsldsmedinotdadn t he
tenperature of cryo | ant 2 renoved through_ cryocool ant recircul ator
120 Cons ecEMARAN 132 ff’rﬁl‘é"eé%‘@%?fﬁ@?ﬂo, ing epclgFLas e brcdenesd. sydpEmdlg
processes Gh¥QeaRk afratkae vﬁaﬁbhq?féﬁﬁ@lﬁgt%&%fo&&fmrl@ﬁ WrBugPGl O Ithgedi ng it

back into cryocoofling enclosure 106. 1
enclosure 106 by increasing its flow rate through cryorefrigeration system 114.

(0055)  In an embodiment, cryocoolant 122 flow rate is increased, and the outlet
temperature of cryocoolant 122 is decreased. This arrangement serves to lower a
mean temperature of cryocoolant 122 (with the mean being the mean of the inlet and
outlet temperatures) and thus provides a higher driving force (mean temperature
difference between the biopharmaceutical material 110 and the mean temperature
(inlet-outlet) of cryocoolant 122) for freezing and increases the dendritic freezing
front velocity. Higher cryocoolant flow rate also increases the heat transfer
coefficient on the cryocoolant 122 side of tapered slot 108, thus increasing the heat
flux withdrawn from biopharmaceutical material 110, further increasing the

dendritic freezing front velocity.

(0056)  In an alternative preferred embodiment, when biopharmaceutical
materials 110 are being cooled down, to increase or decrease the freezing rate of
biopharmaceutical materials 110, cryorefrigeration system 114 decreases the

temperature differential between cryocoolant 122 fed into cryocooling enclosure 106
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WO 03/ 006899 PCT/ US02/ 22378 (0054) Cryorefrigeration system 114 can alter
the rate and direction in which the tenperature of biopharnmaceuti cal

mat er i al swhl@/0verdpes by either nodifying the tenperature MiTifi®eerrsal

bet ween cryocool ant 122 fed into cryocooling enclosure 106 and cryocool ant
122 renmoved from cryocooling enclosure 106, or by altering the rate at

whi ch cryocool ant 122 is circul ated through cryocooling enclosure 106. In a
preferred enbodi nent, when bi opharmaceutical materials 110 are being
frozen, to increase the freezing rate of biopharmaceutical materials 110,
cryor ef ri gesndtdrpstookyis | 2ehiodedl fomergadolihg etictores Bidedddidafag e i al

bet ween cryocool Snt 152, fed into cryaqcooll ng[bencl osure 106 and

bi ophar mac RGPy pieh it spas down gryoeeplanddl2 c by alfpmatiraclated prederetht 122
In an alter i e : i , i i.oNn system
114 achi eveéﬁdr%ﬁglgﬁ%@ggegﬁlQ%gtﬁﬁ{aﬁslﬁg%ﬁg?%&?ﬁ{e}ktﬂé%gp g{a‘géré dHc“i“fl' uea?e nti al

bet ween cr ymwtwednammyodidPant ¢22 fadtiotocryosookng englasncd Land chy@Goalant 12@r yocool ant

122 renoved fro ryocool i enqlosu 106 unchanged, but jnstea

| nor easi ng RSP TG gclHe Frclostes |6 mebuiacd e deeeast onmseass iy
cryocool i NGateQR G Bechi@flali chydcs QAR 179 thibigh 1:12;}%6&%1@ ch1bQHEM06 b
cryorefrigeration system 114. (0055) In an enbodi nent, cryocoolan¥ 122 fl ow
rate is i nclesepssing oningreaimgdtstspead thiopel evyatairigerafiosygsoobldant 122 is
decreased. This arrangenent serves to |ower a nean tenperature of
cryocool ant 122 (with the nean being the nean of the inlet and outlet

t enper at yYesy)) and antensbodiBsitdesyaying dlecem@eiawird of E9bER1{nIe2Not RBPAE at ur e

di fference between the biogharnaceutical material 110 and the mean

t enper at ur &t Which @yoenelant dy2 syreeiraplitesbibeanigh eppocopling enclasiierd@band i ncr eases
| hor oaces (FEORLERAA sy BN1AKELAA, i rtd HUBIocOUAPANAY or Wl AE 5 °°
t aper ed sl diofdld8patdutisalimateedsi HY nhkis kadbdinidniixempérhihrasensdrr16m

bi ophar maceut j.cal terial 110, further .increasing.the .dendritic freezing
Front - vel ocRr g BBBPmSHS H SpeRHR PUORRER e D GHEB oL Aduben

bi ophar mac ekt thatBiBfrhaoh td $6htf] 8y&h 192 C RPAES MR e chBoliRfhease or
decrease the freezing rate of

multiple temperature sensors are disposed on and/or are integral to tapered slot 108

to measure the temperature of biopharmaceutical materials 110 at multiple locations.
These multiple temperature sensors can provide multiple inputs for the control
system which through a complex algorithm can precisely control the freezing rate,
by adjusting the cryocoolant 122 flow rate and temperature. Cryorefrigeration
system 114 measures the temperature of cryocoolant 122 as it enters and exits
cryocooling enclosure 106 and transmits that information to control system 112.
Control system 112 then directs cryorefrigeration system 114 to appropriately alter
the flow rate of cryocoolant 122. In another embodiment, interior temperature
sensor 216 or multiple temperature sensors 216 might be utilized to monitor the
temperature of biopharmaceutical material through port 230 or multiple ports 230
(FIGS. 4 and 5).

(0058)  In an embodiment, as cryocoolant 122 removes heat from flexible sterile
container 104, the temperature of biopharmaceutical materials 110 decreases.
Eventually, if this process continues for a sufficiently long period of time, a phase

transition may commence within biopharmaceutical materials 110 in the proximity
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bi opharmaceutical materials 110, cryorefrigeration system 114 decreases the
tenperature differential between cryocoolant 122 fed into cryocooling

encl osur ewtoB/00889W0 03/ 006899 PCT/ US02/ 22378 and cryocoolrmrush22237enoved
from cryocooling enclosure 106 by decreasing the anount by which it cools
down cryocool ant 122. In an alternative related preferred enbodi nent,
cryorefrigeration system 114 maintains the tenperature differential

bet ween cryocool ant 122 fed into cryocooling enclosure 106 and cryocool ant
122 renoved from cryocooling enclosure 106 unchanged, but decreases or

i ncreases t digthe extmabsurfsescdr flaxible steritwloatag®r ¢ 04,040 teaampdidfird bif ough

Cryvor of ri geraRvEEedrmasiats {5 S TtR ettt P R Al i ng the
t enper at ur em@aferielk 196 $REAUndIR AR it I ptdfity BF thehuaRek oy Pee®leadrild 22 s
recircul ated thr ougg cryocool ing encl osure 106, cryorefrigeration system

114 cont r ol eontadieerrl@é cthefeby: pyastueiigisalid masselZdnyitbrdendutid frepzirfg front 126
bi ophar maceut i.cal nmat.eri al 10, l.n_thi.s. enbodi nent, t ture sensor 130
conti nuouc el BRESE R Prerthll bk Y Biog R R L RERS T Bt 0 o e 210

and transmts that information to control system 112. In an alternative

enbodi nent mul tiple tenperature sensors are disposed on and/or are
integral (M950hpetlsipresest invgntion epmprisssr Eedbrekileombabdaiprangs the

bi ophar macept.j bR : 1 Ejnﬁ:;g iple

t enper at ur e{&sﬂg%%g}r gggg{(\)bpr ovﬁ%églc%ﬁntg%ié %%%R}‘%l&‘? E@# 0 ? %%reggﬁaﬁ)r%ael%“styst em
whi ch t hr outl8, thecempératurabfayotdoiant 322 prrthe dedtyterapartued ot he freezing rate,

by adj usting the cryocool ant, 1 ow rate and tenperature.
Cryorefrige @Ph%waceiveﬁléﬂ%tﬁ# ﬁéa?er mstapges conygplenal GrRIngor Chesb et 122

as it enterge.aRdoRNubRd a6 fVRERA féé&a&@%?%ﬁh& SorkRfls AR ﬁl?éfﬂt%f@ 4Shd Hiat
112 Contr ol

information to control system ) system 11% hen directs
cryor ef ri geinaide the @piieton chest freezeappatserieatsthy cgloceelantt He thik cagardatittleof

cryocool ant 122. |n. anot her odi nent, inter.ior temnperatur .sensor 216 or
¢ pl e ¢ e ePPE R Ear R ST SRR B VR o TR RSP R
t enper 6215 gr ecbinebbOgHaY fidz et VEabld¥Ruet adbediioh @ gt ddatdine? 3tk theul tipl e
orts
P cabinet or chest freezer, number of containers within the cabinet or chest freezer,
geometry of the container, wall thickness of the container, material of construction

of the container, and so on combine to make practical control of the freezing front

within the container difficult or impossible.

(0060) In contrast, the present invention is capable of controlling the rate of
dendritic freezing front 126 velocity within biopharmaceutical materials 110 through
feedback temperature information regarding biopharmaceutical materials 110 from

* one or more temperatures sensors 130 (FIGS. 1 and 2) and/or one or more interior
temperature sensors 216 (FIGS. 4 and 5). This feedback loop permits more precise
control of heat removal from biopharmaceutical materials 110, and facilitates control
of the dendritic freezing front 126 velocity to within the recited ranges. Variables
such as location within cryocooling enclosure 106, wall thickness of flexible sterile
container 104, thermal resistance between flexible sterile container 104, and tapered

slot 108, etc., are automatically taken into account through the feedback loop.
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(FIGS. 4 and 5). (0058) In an enbodi nent, as cryocool ant 122 renoves heat
fromflexible sterile container 104, the tenperature of biopharnmaceuti cal
mat er i al swObG/00k8ey eases. Eventually, if this process conPCREse2/223r8 a
sufficiently long period of tinme, a phase transition may conmence wthin
bi opharmaceutical materials 110 in the proximty 20 WO 03/ 006899

PCT/ US02/ 22378 of the external surfaces of flexible sterile container 104.
As the tenperature of biopharnaceutical nmaterials 110 continues to
decrease, biopharmaceutical materials 110 freeze and solidify in the

proxi mi t y(066.1k heDsudtitadesziofs ﬁdnendbb@asmt@r‘tiidqélarmmauﬁnmarate:t&&h 110her eby

producing solid mas 124, h d fronI 12 r ally

ovi hg | ot PG BT aR ALt GOrbie i Ben 6 Foahemaratcal mn 8e0) * The
present i th%@fe'bg @r@&@ﬁrgla%@ﬁdalqh@qﬁ&@ﬁbe inqemcﬁ Héﬁdrﬁ’&t EREORIEAE As
tenperature of biopharnaceutical materials 110 via the tenpera ‘ure of

t apered sl olneat 108y val ﬁemt@@m@rramubcaiﬁnatﬂmbm @ntlnuezzdemdntlh@remln@ct

t enperature i harmaceu nat er | For st a nvent i onal
cabinet  or EadP8 AT RORLb LS Hhe IBETBke Mitead kAR BRI oop
that contr oddilifidil hqmer@hwn@ceﬁudahma&inms 11105tee g ih’flﬁso@ﬂbha{k@tl 201 Tricdiest
freezer that serves as the cryocoolant. In _this regard, little or no

control is pBeadimest offthe present awsntiqn. theglondritiy frepzingaligntyslocky isthg | ocated in
t he cabi ne\;el&g ﬁl%vh Ch%ﬁ&?%%gizg@bﬁ%ﬁn%g%&a@ 5J ocation of the container

wi thin the net or chest er of ‘containers within the
cabi net or chest freezer, geonetry of the container, wall thickness of the

cont ai ner ter al of Constr ction he .contai ner, and sq on.conbine to
make pract? Frbodimercthe rate 24 W Chﬁlﬁ?ftls IRAVR ﬁ G HE g%%é‘?‘h%?m

difficult 06101315‘3%9:%&&%1&& ma(t&@ég’lld Het@ﬂxﬂhésatﬁé velb&ify & RRGAtic HOYAMN KOR | S

capabl e of controlling the rate of dendritic freezing front 126 velocity
Wi t hi n bi ophifr. ni¥ieaithe meemu@rgrah@lt_’bEﬁNﬁehl’ompl)hrma‘cevddiahmatamlsddﬂamdr e

i nformation re d|n bi 0 u ibals 110 from one or nore
t enper at ur €878 W%%?&O?fﬁﬁsg{aw’%‘ er‘?&atf ﬁ'ﬁmﬁ&eatd%er%?ve Y% nteri or
biopharmaceutical materials 110, the velocity of dendritic freezing front 126 can be

controlled by controlling the temperature of cryocoolant 122.

(0063) In apreferred embodiment, heat is removed from biopharmaceutical
materials 110 at a rate that promotes a substantially uniform advance of dendritic
freezing front 126 within substantially all volume of biopharmaceutical materials
110 or a substantially constant velocity of dendritic freezing front 128. Maintenance
of a substantially constant velocity of dendritic freezing front 126 within flexible
sterile container 104 according to an embodiment of this invention is desirable
because it provides substantially steady-state conditions for undisturbed dendritic ice
crystal growth, independently from the distance to the cooled heat transfer surface

within the freezing volume.

(0064) FIG. 2 depicts a portion of biopharmaceutical material cryopreservation
system 100 depicted in FIG. 1. The interior cavity 108 is in the form of a tapered
slot 108 which in FIG. 2 possesses a taper angle 208. Taper angle 208 may vary
between 1 to 89 degrees, more preferably between about 75 to about 88 degrees.

Taper angle 208 may be fixed or, in certain embodiments, may be adjustable. The
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tenperature sensors 216 (FIGS. 4 and 5). This feedback |oop permts nore
precise control of heat renoval from bi opharmaceutical materials 110, and
facilitatwe osomseol of the dendritic freezing front 126 WPelrasn2/g23rd wthin
the recited ranges. Variables such as location within cryocooling

encl osure 106, wall thickness of flexible sterile container 104, thernal
resi stance between flexible sterile container 104, and tapered slot 108,
etc., are automatically taken into account through the feedback | oop. 21 WO
03/ 006899 PCT/ US02/22378 (0061) Dendritic freezing front 126 separates

bi ophar mac dager @agle meayebd aljustetifor pvasey bf maseo! poamagle]selécﬁarrﬁapbh@ l'i quid

form of biopharimaceut i terla 11 ereb in olid-liquid
interface i Wec?'f’%g]roﬁag cqurgn ?téonf%tpﬁ f’l‘ﬁpﬁ%{g‘y ‘ﬁ’éﬁ? %tﬁﬁ‘?ilalstrom

bi ophar nmac %stam?w sﬂﬁﬁ&ﬁhﬁ& ngldOmePBE | hé’é!d%r hlgﬁadﬁbﬁﬁaﬁnéaeﬁﬁ@dl Rhterfa] ONt 126
advances away fromthe inner surfiace of flexible sterile container 104, as

addi ti onal cpn@ﬂntmtlgnwﬂv@lﬁ h@g@aweéanglnamy ibamsedifoplowee biophpimasewtisal d nass
124. In an Qvent the end freezing
front vel oén% erl‘ia coﬁ% Rra% P ocid %ﬁﬁ{%ﬁf @H“’ae‘ﬁaé afusgls(} i?shmglt nt 126
advances. (ﬂé@ﬁﬁ)hdfﬂl@did@wﬂmhfﬂmtedﬂmmah@mdﬂﬁlthelprd@ﬁaéof1$usr enoved (i.e.,
the heat flux) from_ biopharmaceutical materials, 110 determ nes the

vel oci ty ofinFaW@R; inplud mg@@ﬁmﬁ@ng BEISYYS, aEPBLOTSPIRRSItiORING TBAR9ET: at ur e gr adi ent
bet ween bi opharmaceutical materials 110 and cryocoolant 122 is correl ated
with the rate at which heat is renoved from bi opharmaceutical materials
110, the @@s3ci tE,urt_’nfer clhamtalilstdfaaﬁarabﬂbW@ﬁmMavta&on@temw@oAnllthmighead by

controlllng th erature ryoco 12 63) referred
enbodi ment 5 it W oy SRR FHo ol B AR Sob O A gmel 8516 ot a rate
that pr 0mt1§§erﬁioﬁlﬁ@a%rtlﬁe"ﬁuk@éd|o¥ hb_% ﬁxﬁftfi’)‘!@&ﬁﬁi&ﬁﬁ o%u@@i‘dﬂfdrte'x Pferﬁx%zs!icfég front
126 within substantirally all volune of biopharmaceutical nmaterials 110 or

a subst ant |cablnyg wels mayitbe flet @rcnonya\@fcouémuound@e fspeselpd fﬁsgezmg)pﬂttems In
Mai nt enanc

_ 311 1sub algatréa kﬁ’l oensta t rveV% %é)f tﬁF r|t|n fraee2| ng
front 126 W ﬁl?lho‘il ispRFicre Qplols SEmsRE o Sl aty rceent IRk s i bodi nent
of this inueRéisahR HheRkivedddk Qertical axis, or they may have different angles (for

example, one plate being at 75 deg and another at 80 deg). Also, the side cooling
walls of tapered slot 108 may be angled differently from one another as a whole,

creating an asymmetric tapered slot.

(0066)  In another embodiment, the entire tapered slot 108 could be angled with
respect to the vertical. In this embodiment, one wall of the tapered slot 108 would
freeze the "bottom" of flexible sterile container 104, and the other would freeze the
top. The top wall needs to be pressed against flexible sterile container 104 and
flexible sterile container 104 has to have a pocket on its upper surface to

accommodate a gas pocket (e.g., to have a head space).

(0067)  Tapered slot 108 may play multiple roles in freezing (and thawing) of
biopharmaceutical products 110 in flexible sterile container 104. It primarily serves
for heat removal during freezing and heat delivery during thawing. Tapered slot 108
facilitates stress-reducing controlled freezing by allowing a free product expansion
upwards during freezing. This is accomplished by the taper of tapered slot 108. As

biopharmaceutical product 110 freezes, the liquid aqueous phase will expand, by
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because it provides substantially steady-state conditions for undisturbed
dendritic ice crystal growth, independently fromthe distance to the

cool ed hewO oBroedssdf er surface within the freezing vol une. PCOOGA)2BIEG. 2
depicts a portion of biopharmaceutical material cryopreservation system
100 depicted in FIG 1. The interior cavity 108 is in the formof a tapered
slot 108 which in FIG 2 possesses a taper angle 208. Taper angle 208 may
vary between 1 to 89 degrees, nore preferably between about 75 to about 88
degrees. Taper angle 208 may be fixed or, in certain enbodi nents, nay be
adj ust abl e. apﬁfm(imﬁtew-oe?/ﬂﬁﬁr&&ﬁ tlEKEMiHJS&Zé 2238 absenqresf tagegddeslold8be adj ust ed

for a variety o | e se cion epends n the
conposi t i orPIgKEfS AN A AR U8 R T G LA

exanpl e, siRld Bl ﬁ&ﬂ?[z@ﬁ@ré’a%h%é( aRRhetS e[‘i'le;i,é)ﬁocﬁtla@ 153 [1qﬁi'd%ﬁﬁ@ﬁr{&8% tical

mat eri al concentratlons | arger taper angles may be used for |ower
bi ophar mac @uhdmass laﬁaed/maﬂhewﬂie ehsterdleiflsnble Govainerti08mady fowu daaia dhe

106, may uscrs AHAFOpIaR:Ir i T SnRyeh RO he it Sl G ng”

screws, actwal of Scx@bleRagild taaing 10D @icdoled OSGMsinstlatedgarts bh@ewal | s of
tapered sl ot 108 mai have a conpl ex shape. Although a_straight wall is

shown in Flagntagner gling et h@%tﬁélké&lﬂsq WV%OBOZ&E@&*@D)@OI@]@J@E plapeiofivent i on
may be cur “[ﬁgscﬁfdﬂ 18fu|5@é{fﬁée@| Surf3& eglf/%e;%r%n@ﬁthg 5§’1‘?13c e hOd sg l:@ l?é)he si de

cool i ng wal or’ conc 0 I'nduce s éezi ng
patterns. Iha:at-bdsmiuemag)ellbﬂﬁmssmsd‘ted mtcautdntgher @ike melshmmrxgsl)r ves are

present, the segnents nmay have the sane angle versus vertical axis, or
they may have different angles (for exanple, one plate being at 75 deg and

anot her 3@3? deg) tqeéé Blhid d pBEkeH s%seaaahgmcw;zmhé gl JoRRR 86hafid, Ahusl 08 may

be angl e ferent m one anot her Creating an asymetric
t apered sl dhcreg90G§yesk on dreosotidmassbdsursmingdinglihe Bl peckeapEhiediredsot 108

g? U|t ﬁ ebte ag e(%gdzglg%g&%m @%eéﬁegfs@eh?méntgﬁ t(\)/ glophgr%acellltpca rrfa%rlglgqqg blol%gicapne val |

cells can be ruptured, proteins may unfold, the solubility of gases and of solutes
change (may lead to precipitation later), as well as changing structure of ice crystals
under pressure. These effects may negatively affect biopharmaceutical materials
110 by the pressure alone, or may change the structure of solid mass 124 beyond the

intended controlled dendpritic structure.

(0069)  In addition, such stress can lead to the situation when the external
(surrounding the liquid pocket) solid mass 124 cannot bear the stress anymore and
cracks randomly (such randomness can be anticipated due to uncontrolled nature of
the liquid pocket formation). The 9% volume change can cause serious cracked
solid mass 124 displacements. The stress buildup and cracking of solid mass 124
may cause damage of biopharmaceutical materials in the already correctly frozen
solid mass 124, by damaging internal microstructures (cracking ice dendrites or

shearing glassy states with biopharmaceutical material 110 embedded in them).

(0070)  Random cracking of the solid mass 124 may also project forces on the walls
of flexible sterile container 104. The stress buildup and cracking may cause the

parts of solid mass 124 to displace and damage the wall of flexible sterile container
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freeze the "bottont' of flexible sterile container 104, and the other would
freeze the top. The top wall needs to be pressed against flexible sterile
cont ai nerwbus/oaesd9 fl exi ble sterile container 104 has to lveUsN2pzoket on
its upper surface to accomopdate a gas pocket (e.g., to have a head
space). (0067) Tapered slot 108 may play nmultiple roles in freezing (and

t hawi ng) of bi opharnaceutical products 110 in flexible sterile container
104. It primarily serves for heat renoval during freezing and heat
delivery during thawi ng. Tapered slot 108 facilitates stress-reducing
control |l ed lf)#,e@pbm@jng)yowlth@miadgs mogreseng hodubt patpaelithe fozerupearials duri ng
freezing. This is acco of ta d slot 108. As

bi ophar macEiPleE: THFGARER g ARl AR Praat L et Lo w 1)

expand, by 1@&%{&3&%@%&%&&93{ RN BterARPLO¥oPRIBlYe 0% t 0 reach the
solid state. In the absence of tapered slot 108, pockets of |iquid

bi ophar maceuatéreed(s) M-eri als 110 may forminitially as dendritic freezing
fronts 126 approach one another. These pockets of |iquid surrounded by
solid mass 124 and/or the walls of sterile flexible container 104 may form
due to: thern)s harhe aetich geMERipey oblapdrt@xob] 68 dirigi fre@zing s fl piéiok04, | ocal
heat gains throu h the wall of flexible sterile container 104 (uncool ed,
or unsi nsulbatiey- ‘ﬁhﬁ%@%r Inpliis sigpation dendiife freezing frrpts 426 appraechionsi nks (1 ke

val ves, no S fi 1ol g Y erfaces,

surface fréé@ﬁngrﬁigjﬂ%bO&as Fﬁﬁ?ﬁﬁ§ﬁ€a §%EQ§K?§ g%ﬁ%'gchmﬁggt conductlng
el enent s i metitvedo iapproach cerdmaiirerang liqkid Hepimonadeotisal mmc)nals( DiGee As t hese
l'i quid pockets subs quent i

Ly freeze, the liquid pockets e t hus
 nr eas! g PRIV SRR bl gageschs it SrRRre st | Pt Snc ket . Thi s

stress %eﬁ&&!lﬁn@ﬂ%épb@&l &s E&Jl& %B&e%%eﬁbé%’ﬁeﬁhnﬁ@fr@éz%ﬁ‘ﬁéﬂ@(]?%161' cal
mat eri als I10: biol ogical | S can be ruptured, proteins may unfold, the

solubility elsﬁwga@e&;lﬂamdleafokssitmhs@gntamha}%e Ta iy Wagaidpered plpét(?&medmeson

| ater), as wel struct of ice stal s n ressure
These ef £ edbermiF R DAPRUBRYS ottt Bt PR Rlale e rodiPBR aeRERE3 10 by« e
pressure alsmmeqnmﬂgﬁe@mgﬂ@yttmeﬁ)wwdﬁsﬁeﬁﬁ 16 Bt ifide1BE Whindth theyond t he

number of liquid pockets formed, leading to subsequent expansion and stress, is zero

for large liquid pockets (i.e., pockets above 10% of the freezing volume), and less
than 5 for small liquid pockets (i.e., liquid pockets that are 10% or less of the

freezing volume).

(0072)  To promote bottom-up freezing, a temperature gradient having a vertical
component can be developed in the walls of tapered slot 108. This can be
accomplished in a variety of ways. For instance, cryocooling fluid 122 could be
introduced at the bottom of cryocooling enclosure 106 and leave at the top. Other
embodiments include manipulation of heat transfer coefficients; with higher values
at the bottom of the walls of tapered slot 108 and lower values at the top. This
provides for different heat fluxes at the top and the bottom of tapered slot 108 and
the resulting heat flux gradient induces bottom-up freezing, i.e., stress-reducing

freezing.

(0073)  Tapered slot 108 also supports flexible sterile container 104, providing a

template for the final shape of flexible sterile container 104 that it assumes after it is
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i ntended controlled dendritic structure. (0069) In addition, such stress
can lead to the situation when the external (surrounding the liquid
pocket) swoio@/mesws 124 cannot bear the stress anynore and pawesskg237andom y
(such randommess can be antici pated due to uncontrolled nature of the

l'i quid pocket formation). The 9% vol une change can cause serious cracked
solid mass 124 displacenents. The stress buil dup and cracking of solid mass
124 may cause damage of bi opharmaceutical materials in the already
correctly frozen solid mass 124, by damaging internal mcrostructures
(cracki ng ifidled ordthopriothess. dihe tapiseesrgenppeyy seapys gc&ibbsstmsike porfaiogH@taceut i cal

material 1 nbedded in th ... (0070 ndom cracgkin f 1 solid nmass
T rmy al 36 S0 BTyt whRake PG RCROGR A% ap B ont ai ner
104. The stabews tdpeiddhiqt 1B REWHEG FRY tRaHREcd Mgt dR@td the BfddGhii¢l Mmass 124
to di splace and @@;&gg the wall of flexible sterile container 24 WO

.

03/ 006899 PCFAWS irg framp dhe wallrer{dlexiplagwilesenteinge k&4 yrlbyende theand how

the parts Q{ral]rs%?tafpr gezles@ot%tgeri al displace. Danage to the walls of flexible
sterile contarnertt may result in | eakage and | oss, or contam nation or

| oss of sterility of biopharmaceutical material(s) 110. (0071) The action

of the taper of tapered slot 108 ri, freezing is to pronot bott om up
freezi ng. (%)t hﬂ%engaef%eirwﬂoaléla&?ﬁ@flglgefs %@%F%ﬁamw&r@ﬁg@?@ FB&th one

anot her fi rgtnaby ddis BRLLEAY 9&%@1&@ E@@realsﬁ;t 16981n tﬁ?s éiiﬁ&gﬁﬁléﬂt,coﬁer&ezi ng

fronts 126 continue to approach one another, any |1 quid biopharnmaceuti cal
mat eri al s Tide &amgperatuiosensarphad sevésnamong dtbadspetomspoasdindte the ehtlefi bl e

sterile contai.ner,.104, and .generally. not, tr d | i,qui ket
between dediprioe ipsmeaRte 7 Ba S hR) VialPliih, BRBRGn BlriredLdpE e St or i1 o
contai ner 104 cohtRinkhl ®4. VidYsuch aRemBsUimkat 0ddér heRduUeReratuiesdhbstveso of 1iquid
pockets fornmed, therefore providing stress-reducing freezing.

St r ess- r eddlusmyovidewinformatiay aboigdendsitis frmnt grveh aetecandifgndions peepathg wher ei n
g?sesgunPgQgg%géé&&kEkﬁgﬁkets formed, |eading to subsequent expansion and

(0075)  FIGS. 3A-B show several views of tapered slot biopharmaceutical material

cryopreservation system 300.

(0076)  FIG. 3A shows that, while the height 302, slab length 304, and taper angle
306 may be kept constant, linear scale up can be achieved by increasing the number

of tapered slots. This concept has also been discussed above.

(0077)  FIG. 3B exhibits another manner of achieving linear scale up. Again, height
302, slab length 304, and taper angle 306 may be kept constant. In this embodiment,
once the optimum dimensions and freezing front velocity are defined, the "z"
dimension can be increased or decreased to linearly increase or decrease the freezing
volume of the system. For example, tapered slot 310 having a z dimension of 1/2z
has one-fourth of the volume of tapered slot 312, and 1/8th the volume of tapered
slot 316, which has a z dimension of 4z. The volume scales linearly, as for example
seen in tapered slot 314, wherein tapered slot 314 has a z dimension of 3, compared
to tapered slot 316's z dimension of 4. Accordingly, tapered slot 314 has twenty-five

percent less volume than tapered slot 316.
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for large liquid pockets (i.e., pockets above 10% of the freezing vol une),
and less than 5 for small liquid pockets (i.e., liquid pockets that are
10% or | ewe 0dbodshe freezing volune). (0072) To pronote becTarseupfs eezi ng,
a tenperature gradient having a vertical conmponent can be devel oped in the
wal | s of tapered slot 108. This can be acconplished in a variety of ways.
For instance, cryocooling fluid 122 could be introduced at the bottom of
cryocooling enclosure 106 and | eave at the top. O her enbodinments include
mani pul ati on of heat transfer coefficients; with higher values at the
bottom of the walls of tapered slot 108 and | ower values at the top. This

id di ff t heat fl the to d the bot f. .t d
Bl ot 103 @R °t taSredia Rehiproet] el 4B SRR RutRaustis SBhI T cest no,
i.e., stresododsifionde 1efnrgﬁ1e@ﬂtﬁgve£&0&1§ﬂe haRedifidg ﬂh@éanﬂe%oﬁh gufauepor ts

flexible sterile container 104, provid m% a tenplate for the final shape
of flexibl dempesniure ieoHiedieatflux per unitaf sinfacqeeaanay be meintdined. <o g WO

/ / h d h h
PPt br e s ekl BREHERRAD nblndbfhitds RaP pORHEE. o LA PRENEE SFRHEILY STAPES

for freezi ngaterPs, Preebs od diffeient setld May B Avgned dassdesh &olihg ddenad SO
provi des a gqod thermal contact due to the hydrostatic pressure
di st ri but i o¥tF3 eapungg agRect Btigicorr@ending tathe OpHEmUELFPET FFeHomOAz6081d s ont o

the walls H%Pe JHRfe g(%taﬁhéii Iﬁ%sw{a %Qv@ﬁﬂﬁé‘s‘ a%%l?as’l%%‘te*v‘afdn% flexible

sterile contal ner at one or s on and/or integral
to tapered Imvwmﬂlasthehnaltlhstsnmmxddwn&rthe qoaléy of therpwdnct mapecadinr e sensors
130 serves, am)n f ns, to indicate the end of freezing

(di sappear éﬁﬁ%alﬁ e%*ﬁ e?%f&tﬁ] Cﬁrﬁase) via contact between tapered slot 108
and contai ner 104. In such an enbodi nent, one or nore tenperature sensors
130 thus provides information about dendritic front growmh rate, and
functi ong08®)a parnothefembralimertdiyabipld dexble sterile containers of different

volumes can be used to store, freeze and thaw the production lot, providing
additional flexibility. For example, a sampling bag of the same cross-sectional
geometry but containing only a fraction of the volume can be frozen close to the
process bag. Once frozen, the sample bag may be removed, and the contents
analyzed. A sample frozen and thawed in the sampling bag will have identical

thermal history to the product processed in the corresponding large-scale bag.

(0080)  Additional flexibility is also provided by the possibility to freeze in a given
cooling plate assembly, a bag of smaller z length than the one allowed by the plate
dimensions. In this situation, the bag can be placed between two insulation pads in

the center of the plates to minimize end effects.
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(0075) FIGS. 3A-B show several views of tapered slot biopharnmaceutical
material cryopreservation system 300. (0076) FIG 3A shows that, while the
hei ght 30&0 oslads9¢ engt h 304, and taper angle 306 may be PeptUSommsSrant ,

| i near scal e up can be achieved by increasing the nunber of tapered slots.
Thi s concept has al so been di scussed above. (0077) FIG 3B exhibits another
manner of achieving linear scale up. Again, height 302, slab | ength 304,
and taper angle 306 may be kept constant. In this enbodi nent, once the
opti mum di nensions and freezing front velocity are defined, the "z"

di mensi on, can .increased or decreased to linearly increase or decrease

t he freeg%$§yﬂ§§+une of the system For exanple, tapered slot 310 having a
z dinmension of 1/2z has one-fourth of the volune of tapered slot 312, and
1/ 8t h t hegysl)unerififolleRBistampleatiusdhfos 240h16 iphRthet dathgparhoTnetlafz. The
vol une scaleS linearly, as for exanple seen in tapered slot 314, wherein
t aper ed sl dengdllis deastant, 22 dinmeassvadhasdhe kightopemedh 4Q-scalapdned indrense 316' s z

di mension of 4. Accordingly, tapered slot has nty-five. percent |ess
Vol une. ¢ har pfieraaYdrsEhet o bR G helal BE LG IR nt i BE ey
use, the hegie ffepyaimcaiiofédihgabtet Memamelinhdiont sysdtatvaRys.be changed in
proportion to the Iength of the vessel, while maintaining the sane cooling
surface tenperature, i.e., the heafaftpx per unit of surface area may be
mai ntai ned. To the extent that different |ength containers may be nade,
e.g., using flexible, polyneric nmaterials, processes of different scale
may be desi gng&léggﬁl%t&n cooling systenms W th agomoy,aspect ratio
correspondi ng to the opti num cross-sectional size and shape of the
cont ai ner. | nVbhinge (lay, snmall vol uness as w0l asldOar ge2®dl umes will  have
simlar thermal hjstories and hence the quality of the product may renmain
const ant regaremtawsr speth{emical e. (00H9) | A2anotIWer enbbdi ment, nultiple
flexible sterile containers of different volumes can be used to store,

freeze and t hewt 6fv @h cha@lt Comtalnets, W.BYI ding 5 10

(0082)  FIG. 4 illustrates a biopharmaceutical material cryopreservation system 200
according to the present invention, which is substantially similar to
biopharmaceutical material cryopreservation system 100, except that interior
temperature port 230 and interior temperature sensor 216 are substituted for

temperature sensor 130.

(0083)  FIG. 5 shows a portion of a biopharmaceutical material cryopreservation
system 300 according to the present invention. Biopharmaceutical material
cryopreservation system 300 comprises flexible sterile container 104, tapered slot
108, biopharmaceutical materials 110, interior temperature sensor 216, cryocoolant
122, solid mass 124, dendritic freezing front 126, dendrites 128, interior temperature
sensor port 230, second temperature sensor 204, third temperature sensor 206, and

taper angle 208.
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additional flexibility. For exanple, a sanpling bag of the sane
cross-sectional geonetry but containing only a fraction of the volune can
be frozerwoloo®esstd t he process bag. Once frozen, the sanpCe/usaz223s8 be
removed, and the contents analyzed. A sanple frozen and thawed in the
sanpling bag wll have identical thermal history to the product processed
in the corresponding | arge-scale bag. (0080) Additional flexibility is also
provi ded by the possibility to freeze in a given cooling plate assenbly, a
bag of smaller z length than the one allowed by the plate dinmensions. In

tonter of00kE" bRt ant sBe BT ofrepanac e e dtea0e” - |
PCT/ US02/ 2237 fresE@iBh yskim @@@%bltaﬂlid‘uglsiﬁfﬂrrw 1RX8MBldphhdnhddsttat es a

!
scal e-up usi'ng a sl ab approach. The sla ength is constant, 12 cm- as
wel | as t hendieiid letyopsernationsytens 280,excapt thae séonnd tearperating saudor 8046d by
freezing in arallel arrange t 10 cmqr 42 cmlo containers. The
froezing t G IFLEPPERsitR gAY A0GPE R T Seral SPbeBhte SotAig Tale 1
Scal e- up f agfk@fembefatwi@ séfor Y0k WiPe (dprobide thfd Rt AboanbAhs edigngt h (cm
10 42 20 417 Nor of 42 cmlength Containers 0.25 1 5 10 (0082) FIG 4
i |1 ustrat edrant b2opirhabeat hettemperatiae eteilignt thatepterepenicubs te fherwal. 200
according t re j i b i iall [Na! to
b1 ophar macddt PP e e Rs? Bensh A e B AR sglecl a8 it
interior tepeedbiithe pattérlidd(e.ganbetivetetht oénttdinp andtherwalbef@aible16 are

substituted for tenperature sensor 130. %083) FIG 5 shows a portion of a
bi ophar mac et eantaaere0d Merotha BYGiepRetaBie seipeis aAnel IHAEEY 81ag to t he

present | ”‘iﬁ&'&ih@ BetaiPl CARAIRGE Bh itlfeaiiree%%?fdn@hlovement and on the temperature

gradients in the product. A direct gradient reading can be performed with a multiple

point temperature sensor or using multiple temperature sensors, as shown in FIG. 5.

(0085)  In an embodiment, multiple readings may be as follows: third temperature
sensor 206 located near the wall of flexible sterile container 104, second temperature
sensor 204 at a certain distance from the wall of flexible sterile container 104, and
temperature sensor 116 at the centerline. Second temperature sensor 204 and third
temperature sensor 206 serve to monitor a temperature gradient in solid mass 124,
whereas the centerline sensor will indicate the end of freezing. The measured
temperature gradient in solid mass 124 is related to the freezing front velocity and
thus can be used by the control system. Since the dendritic growth is controlled by
the heat flux/front velocity, thus the measured temperature gradient can be used to
control the dendritic growth. More than two temperature sensors arranged in array
may provide detailed information on the freezing front movement and on the

temperature gradients in the product.
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cryopreservation system 300 conprises flexible sterile container 104,
tapered slot 108, biopharnaceutical materials 110, interior tenperature
sensor 218 osngeseool ant 122, solid nass 124, dendritic feegaisnz283ront 126,
dendrites 128, interior tenperature sensor port 230, second tenperature
sensor 204, third tenperature sensor 206, and taper angle 208. 28 WO

03/ 006899 PCT/ US02/ 22378 (0084) The arrangenent and operation of

bi opharnmaceuti cal material cryopreservation system 300 is substantially
simlar to that of Biopharmaceutical material cryopreservation system 200,

except th ecand. erature sensor. 204, _and thjrd tenperature sensor
206 are pBsdn: tg&iﬁ%ﬁwﬂ%g%‘f ﬁlflﬁei@ﬁgwﬂ 5w R goovafseRtonstdiar e
sensor 206 jaRf¥ecdRyR08%hERr bsﬁt%e@fd4%umb&%nﬁw/bmvefé{e%¢§f Afferehf ONt 126

and about the tenpefature gradient that exists perpendicular to the wall.
For exanpl eshassscodluding bpenddlumitedse esbical 2phenead, dytinduical ervperbbsivellagnsor 206

may be placed off t.he.centerline (e.qg,, hetween th nterline and the
vl 1 of |1 CRPBPLeoSbiBRIGRS T lar P el of EHE: PN (ORGP ERSRGET e sensor s
arranged i rshapd @YIIWBKtedRh PYGAS adBE HithQ@dnialteP | OPRAVIRY £BorkBoddifezi Ng front
novenent and on the tenperature gradients in the product. A direct

gradi ent r eadichasheper Blsopiarthisrexaaplei containenli04 pl/er cagsy A0S mawber at ure sensor

or using nmul.tiple te rature sen s, .as _shown in Fl 5.:.(:0085) .1 n an
erbod nent disely fppERPE A HEENEY 132 harPResp [ B P EP Bip EPRERA s ensor
206 | ocat eccon®auiedtng. Pakcht Applidath Bereal 3loe09/863,6201t Alth&ighkld corBdfand
tenperature sensor 204 at a certain distance fromthe wall of fl|exible
steril e corftafefsribabiereiang flexibipeqnitings theenidrinas maybemmdeadasemi-i ne.
Second t enper. . ird. 1 serve to
nonitor a H@%@éﬁ% ﬁﬁggéﬁéd%gﬁfgﬁﬁﬂég+%gnﬁ%%gR%%ggﬂ&a%ggégg%f%%%centerIine
sensor Wwi | landrdisead ap bydtselficvieh efupeeaidighen fildneidsabeghadenpeical ur e

gradient in solid mass 124 is related to the freezin ront velocity and
thus can bengsddl K\ eREniek sush aspui-ggid csnﬁe@rfswééé%%w{%ww@m%m his

control | ed s@%gaﬁtt}% sga?‘nt%%rcf PIARHCTh R0 ugheliQfEdua be Bide bRFoIBAFIAES theMPer ature

gradi ent can be use
like.

(0087)  Further, it will be apparent to those skilled in the art that various
modifications and variations can be made in the cryopreservation system
components, systems and methods of the present invention without departing from
the spirit or scope of the invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention provided they come within

the scope of the appended claims and their equivalents.
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control the dendritic growh. Mre than two tenperature sensors arranged in
array may provide detailed information on the freezing front novenent and
on the tawpsroatgsve gradients in the product. 29 WO 03/ 00G89%s02/22378

PCT/ US02/ 22378 (0086) It will be evident to one skilled in the art from

t he above description that the interior cavity 108 and/ or contai ner 104
could be forned of a variety of different shapes including but not limted
to cubical, spherical, cylindrical, conical, as well as various

conmbi nations thereof. An exanple of interior cavity 108 having a cubicle
shape islhhhgiﬁ&"@ed in FIG 6 along with container 104 having a

correspondi ng cubicle shape. Also, in this exanple container 104 and/or
cavity 108 may be directly imersed in cryocoolant 122 in cryocooling

encl osure 106 jas i A BRpRkARREutIdA] ci§BpeWediol sPsterRbRIpkisARP! | cation Seri al
No. 09/863,126. Al though the containers are describéd herein as flexible
cont ai ners, t Hecogtsiicshaeng angytep surfaed areaf said emidinerradgptdd ¢y canitgjnd nat eri al .

For exanmpl i - k1 gl d. i retain its shape and/or stand up by
itself &Eﬁ I%ﬁ%%%ﬁg%%h%%%ﬁﬁgﬁﬁ%%:&ﬁggﬁﬂgy%%%%ﬁg?ﬁaceutical material. An
exanmpl e of suclerpocdeling endosirebavigd AeitegoHtaityohfgaecdtcRotiREBRE Si M | ar
to a standard plastic mlk jug which could be nmade of pol yet hyl ene or the
li ke. (OC8MRMEGrther, it will be apparent to those skilled in the art that
various nodi fi i Lalel A . = r rvation
system comporiirs S neRfrt R LSNP i IR S SR L ARRESET VP
depart i ndo tomatttieog@i uirfacoares obped obntdihe wirenesaid @pocoblitg endlésuks 1 nt ended

t hat therjlgresent .invention., covers the nodifications and variations of this

i nvent i orf™MSFERAAYEY 1SREES SHASONAIRTN  the scope of the appended claims and
their equival @iirpocodfér WerRaP OGBS 164 dRRRO ST Ehcldsrel 38 cEhRbTEd to

flow a fluid to said at least one heat transfer surface to control the temperature of said at

least one heat transfer surface and biopharmaceutical material within said container,
said fluid being isolated from contacting said container;
a temperature sensor thermally coupled to at least one of said cryocooling

enclosure, said at least one heat transfer surface, said fluid, and said cyrocooler.

2. The system of claim 1 wherein said outer surface area comprises at least

ten percent (10%) of the total outer surface area of said container.

3. The system of claim 2 wherein said outer surface area comprises at least

fifty percent (50%) of said total outer surface area of said container.

4. The system of claim 3 wherein said outer surface area comprises at least

seventy-five percent (75%) of said total outer surface area of said container.

5. The system of claim 1 wherein said outer surface area comprises a first
surface area and a second surface area, and wherein said at least one heat transfer
surface comprises a first heat transfer surface configured to contact said first surface

area and a second heat transfer surface configured to contact said second surface area.
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1. A biopharmaceutical cryopreservation system conprising: a container
havi ng an outer surface area, said container adapted to contain a

bi ophar mageuisicegdeo mat eri al for freezing and thawi ng ther eiptT/@sogrygool i ng
encl osure having an interior cavity configured to receive said container;
at | east one heat transfer surface within said cryocooling enclosure
configured to contact the outer surface area of said contai ner when said
cryocooling enclosure interior cavity receives said container; a
cryocool er thermally coupled to said cryocooling enclosure and confi gured
to flow a flui.d t dsaystemtoflckeantS whereinesaid firsiosusfher arsanfidised sewoadnt rol t he
tenperature, of said at |east one he%yptr%?gfer surface and. .

bi ophar meERTS Ae CqpaRIEeiah feaf tem Prreeni0 e bk tr FRi! outes sidage afistidpei ng

i sol at ed LpRfegont acting said container; a tenperature sensor thermally
coupled to at |east one of said cryocooling enclosure, said at |east one
heat transfer surface, said fluid, and said cyrocooler. 2. The system of
claim 1l wherein saigd outer f.ac, rea c rises at |least . ten percent
(109 of the total lgﬁtsgf‘tegltﬂ%f%ia&@ iWﬁ%fel&fsa’ggﬁﬁts Btsﬁf%{i‘rﬁ%@‘f?fld éﬁ‘fB’“@yst em of
claim2 Washed dtesedrbprivétagleaSihiftppacait €50%)0TRhd ®Rf oater k@@sde ofkaifit y per cent
(509 of said total outer surface area of said container. 4. The system of
cl ai m 3 wieetatien said outer surface area conprises at |east seventy-five
percent (75% of said total outer surface area of said container. 5. The
systemof claim1l wherein said outer surface area conprises a first
surface area #nd a HEeeynemsificlames ahaain salddirvhirftanasand afid kdsd one heat
transfer surface conprises a first_heat transfer surface configured to
cont act | SHTBCH PR EOTERISE A8 Lastaruantyniire RO AL ohBbhe {otak e susass slee

confi gur edidt Qne@piact said second surface area. 31 WO 03/ 006899

PCT/ US02/ 22378 6. The systemof claim5b5 wherein said first surface area
and said second surface area conprise at |east ten percent (10% of the

total outer s Y. fac efh%fsygtgrlndof claim 5 wherein said first surface area is opposite said

second surface area.

10.  The system of claim 1 wherein said container is flexible and conforms to
the shape of said interior cavity of said cyrocooling enclosure when filled with said
biopharmaceutical material wherein said at least one heat transfer surface contacts said

outer surface area.

11.  The system of claim 10 wherein the outer surface area of said container

comprises at least ten percent (10%) of the total surface area of said container.

12.  The system of claim 11 wherein said container has a tapered cross

section.

13.  The system of claim 1 wherein said container is rigid or semi rigid and

conforms to the shape of said interior cavity of said cryocooling enclosure when empty.

14.  The system of claim 13 wherein said outer surface area comprises at

least ten percent (10%) of the total surface area of said container.
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container. 7. The systemof claim5 wherein said first surface area and
said second surface area conprise at least fifty percent (50% of the
total outeto Buwoégdse of said container. 8. The system of alEiwRe22¥8r €i N
said first surface area and said second surface area conprise at |east
seventy-five percent (75% of the total outer surface of said container.
9. The systemof claim5 wherein said first surface area is opposite said
second surface area. 10. The systemof claim 1l wherein said container is
flexible and conforns to the shape of said interior cavity of said
cyrocooling enclosure when filled with said biopharnmaceutical material
wherein said | eqst one heat .transfer. surface cgntacts said ut er
surface area. %1 #‘8 Sg{i%tflé) Ct?fmc@asl?‘?‘nr?ﬂs@%g}l@f AEAFE aﬁqftcé’an&ﬁ?sfagce area of
sai d conti@isti@fty p&eSRI(5®%3 ofithe t@@BdurfaaRE bERM cdntifer, of the total surface
area of said container. 12. The system of claim 11 wherein said container

has a tapered cross section. 13. The systemof claiml wherein said

_Cont a! ner i S r1i6.gi d’[%[a sgsqglln o%icpaiirﬂ.l%%ereqﬁ 9518 oiRr &f&c@%retsahc%%%if) I:s ai d
interior cavity of 'said ¢cryocooling enclosure when enpty. > The system

of cl ai mldast ssheritgifivepaia@no5es) oftilid toed s@fRa acafsaid @6ntainel.east ten percent
(109 of the total surface area of said container. 32 WD 03/006899

PCT/ US02/ 22378 15. The system of claim 13 wherein said outer surface area
conprises at ligeast H.Lf 3 0.:0F. . a of said
19ast ik s%%erﬂ%?%%ﬁ&%ﬂ%ﬁ%gﬁgaﬁ !agntﬁfﬁ%ghas% &at¢ cx{%@?

contai ner. 16. The systemo erein sald outer surface area
conpri sesedion. | east seventy-five percent (75% of the total surface area of
said container. 17. The system of claim 14 wherein said container has a
tapered cross

18.  The system of claim 1 wherein the cryocooler controlling the
temperature comprises the cryocooler controlling a dendritic freezing front velocity,
within the biopharmaceutical material, in a range from approximately 5 mm per hour to

approximately 250 mm per hour.

19.  The system of claim 1 wherein the cryocooler controlling the
temperature comprises the cryocooler controlling a dendritic freezing front velocity,
within the biopharmaceutical material, in a range from approximately 8 mm per hour to

approximately 180 mm per hour.

20.  The system of claim 1 wherein the cryocooler controlling the
temperature comprises the cryocooler controlling a dendritic freezing front velocity,
within the biopharmaceutical material, in a range from approximately 10 mm per hour

to approximately 125 mm per hour.

21. A biopharmaceutical cryopreservation method comprising:

placing a biopharmaceutical material within a container having an outer surface
area, for freezing and thawing therein,

receiving said container within a cryocooling enclosure having an interior cavity

configured to receive said container;
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section. 18. The systemof claim1 wherein the cryocooler controlling the
tenperature conprises the cryocooler controlling a dendritic freezing front

vel oci ty, woMstdosgdet he bi opharmaceutical material, in a rangg/{gemss
approximately 5 mm per hour to approximtely 250 mm per hour. 19. The

systemof claim1l wherein the cryocooler controlling the tenperature
conpri ses the cryocooler controlling a dendritic freezing front velocity,
wi thin the bi opharmaceutical material, in a range from approxi mately 8 mm
per hour to approximately 180 mm per hour. 20. The systemof claim1l
wher ei n t he cropatothedt leanbiiohdat ngndféresurfhenpitiatsaiderpeopling asldsne:
cryocool er, controlling a der}drj tic freezing front velocity, wthin the

bi ophar &F@&Ferﬁ"& &eiagga ofisid.LONINEE f v om appr oxi matel y 10 mm per hour

to approxi mat eché’rn’ﬂa?lg lcg?éﬁ?lﬁg aaé}gb'éoo @Yo s @f’yfa%}?fnggﬁgl‘dg . | ahd WA £ser vat ion

met hod conpri sing: I ophar maceut’i ca terral wthin a container
havi ng arcoolimgfluilio fzid et leasteae hbartrdnsfer aurfage tmebntdohthierigmpéretued of saidecei vi ng

said contai ner withi.n a ¢ryocooling enclosyre hayi.ng.an interiar, cavity
Sonf i gur difat st sy an Al P euts g Pothin 9T estrie 579,375
cont act i Mhidbeing dlat@NBoMaid dondigdrer surface within said cryocooling
enclosure wth the outer surface area of said container; thermally

coupling a crybewowllycoupling wmpesasee sensaytoah asisumeof sad cryasapling a  cool i ng
fluidto %g%)gur%t sal %%as?&"?? }?e%?{raﬁsgﬁ{%ﬁ%ei, g&iﬂfﬂﬁfcﬁ ah® §a(icﬁ’ @wo%c%ly).e tenperature
D ical ma

of said transter surtace an armaceu efrial within
said container, said fluid being isolated fromsaid container; thermally

coupling a tenperature sensor to at | east onpe of said cryocogQlin
encl osure, said-at Thegagthechel ¢laim 24 wélﬁ@tw1£%ﬁt¢ra%lé§6%%80?mm1%P§ agnd sai d

Cyrocool gagt o majority of the total outer surface area of said container.

23.  The method of claim 21 wherein said outer surface area comprises at

least ten percent (10%) of the total outer surface area of said container.

24.  The method of claim 21 wherein said outer surface area comprises at

least fifty percent (50%) of the total outer surface area of said container.

25,  The method of claim 18 wherein said outer surface area comprises at

least seventy-five percent (75%) of said total outer surface area of said container.

26.  The method of claim 21 wherein said outer surface area comprises a first
surface area and a second surface area, and wherein said at least one heat transfer
surface comprises a first heat transfer surface configured to contact said first surface

area and a second heat transfer surface configured to contact said second surface area.

27. The method of claim 26 wherein said first surface area and said second

surface area comprise at least a majority of the total outer surface area of said container.

28.  The method of claim 26 wherein said first surface area is opposite said

second surface area.
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22. The nethod of claim 21 wherein said outer surface area conprises at

|l east a majority of the total outer surface area of said container. 23. The
met hod ofwoloaioms2d wherein said outer surface area conpri PEI/EN2/2138@st ten
percent (10% of the total outer surface area of said container. 24. The
met hod of claim 21 wherein said outer surface area conprises at |east
fifty percent (50% of the total outer surface area of said container. 25.
The net hod of claim 18 wherein said outer surface area conprises at | east
seventy-five percent (75% of said total outer surface area of said
container. 26. The net hod of claim 21 wherein said outer surface area

conprises a fi u second surface.ar. erein said
at | east one r?rat tﬁ’ﬁ %@?d gé‘ﬁ?’flggﬂwgﬁrﬁﬂlrﬁa gt g%@em@gtanﬁp%q@h@§ sur f ace
confi gur eg tHeOshapNéAGId iRdr Eaviﬁ/tof%ul@f@f&oom{ge@mwadream&%cmm m@&al& ransfer
surface configured to contact said second surface area. 27. The nethod of

cl ai m 26 higrdeansreytiad nfataripd whereimsaid afrleast apssheshirenséasvrface enntactsceidar ea
conpri seo@&er @ﬁxg&f: majority of the total outer surface area of said

cont ai ner’ '3 Ke fret hod of claim 26 wherein said first surface area is
opposite said second surface area. 34 WO 03/006899 PCT/ US02/ 22378 29. The
nmet hod of claim 21 wherejn said container is flexible and conform; to the
shape of sai d 30nt erkhgmethed ehclym %%WBGTEFVB%BWFF Tlaenalea o sad apriaioey | | ed

W th sai %mﬁ% 19@‘4’1‘%5@&@1&'@&1%@& (ﬁ'@% bf e tHBEREREL S84 Qféagdo&ﬁﬁhe one heat

transfer s ace contacts said ut er surtace area. met hod of claim
29 wherein the outer surface area of said container conprises at |east ten

percent (10% t ot rf.ac ea. 0 id container. .31. The net hod
el 28 it el @%ﬂ%ﬁ’ Sl b Rirabe SeC o Bip &1 id SOUBHEE | ses at
| east fi fcbi;h H@ésceﬁ'ﬂéast( er@éntt(ft‘i%j ot @k tiashAe® RELSF Qld &ﬁ‘itagné%ont ai ner. 32.
The et hod of claim?29 erein the outer surface area of said container

conprises at |east seventy-five percent (75% of the total surface area of

said contai N33, The method of claim 29 wherein the outer surface area of said container

comprises at least seventy-five percent (75%) of the total surface area of said container.

33.  The method of claim 30 wherein said container has a tapered cross

section.

34.  The method of claim 21 wherein said container is rigid or semi rigid and

conforms to the shape of an interior of said cryocooling enclosure when empty.

35.  The method of claim 34 wherein said outer surface area comprises at

least ten percent (10%) of the total surface area of said container.

36.  The method of claim 34 wherein said outer surface area comprises at

least fifty percent (50%) of the total surface area of said container.

37.  The method of claim 34 wherein said outer surface area comprises at

least seventy-five percent (75%) of the total surface area of said container.
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33. The nethod of claim 30 wherein said container has a tapered cross
section. 34. The nethod of claim21 wherein said container is rigid or sem
ri gid anowoamonbéaens to the shape of an interior of said crPgdasor/2a308

encl osure when enpty. 35. The nmethod of claim 34 wherein said outer surface
area conprises at |east ten percent (10% of the total surface area of
said container. 36. The nethod of claim 34 wherein said outer surface area
conprises at least fifty percent (50% of the total surface area of said
container. 37. The nethod of claim 34 wherein said outer surface area
conprises at 3%astTieauethod of ¢leim pemhersin {aibedntaficrthae a tapteadd ossf ace ar ea of
said container. 35 WD 03/006899 PCT/US02/22378 38. The nethod of claim 35
wherei n S5 %% ont ai ner has a tapered cross section. 39. The system of
claim 21 wherein the controlling the tenperature conprises controlling a
dendritic freezing front velocity, within the biopharnmaceutical nmaterial,
in a range frdf apptssysemeflammph weereindbe cangrolingrtbx femyesdtyre250 i n per

hour. 40. . f _clalm. in the.contr.olling the tenperature
conpri ses °C glts‘?%‘? tﬂ?@éﬁ’é aadeeﬁgmlﬁrg%ﬁr%@ﬁﬁnvﬁ q‘cll’t%n‘?ﬁ Elﬂbeclflgi}l}ar%af%%a he

bi ophar mansteitialcil a rangd @smalppraximatelyegien HerGlowee Rperoiximitelyy2 58 mpeper hour to
approximgtely 180 mm per hour. 41. The system of claim 21 wherein the

control | i"Y"t he tenperature conprises controlling a dendritic freezing
front velocity, within the biopharmaceutical material, in a range from
approximately 10 mm per hour to approximtely 125 mm per hour. 36

40.  The system of claim 21 wherein the controlling the temperature

comprises controlling a dendritic freezing front velocity, within the biopharmaceutical
material, in a range from approximately 8§ mm per hour to approximately 180 mm per

hour.

41.  The system of claim 21 wherein the controlling the temperature
comprises controlling a dendritic freezing front velocity, within the biopharmaceutical
material, in a range from approximately 10 mm per hour to approximately 125 mm per

hour.
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