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This invention relates, in general, to biopharmaceutical material,
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and/or storing biopharmaceutical materials.

BACKGROUND ART

[0003] Preservation of biopharmaceutical materials is important in the manufacture,
storage, sale and use of such materials. For example, biopharmaceutical materials are
often preserved by freezing between processing steps and during storage. Similarly,
biopharmaceutical materials are often frozen during transportation between

manufacturing locations.

[0004] Currently, preservation of biopharmaceutical material often involves placing a
container containing liquid biopharmaceutical material in a cabinet freezer, chest
freezer or walk-in freezer and allowing the biopharmaceutical material to freeze.
Specifically, the container is often placed on a shelf in the cabinet freezer, chest
freezer or walk-in freezer and the biopharmaceutical material is allowed to freeze.
These containers may be stainless-steel vessels, plastic bottles or carboys, or plastic
flexible containers. They are typically filled with a specified volume to allow for
freezing and expansion and then transferred into the freezers at temperatures typically

ranging from negative 20 degrees Celsius to negative 70 degrees Celsius or below.



spatial regularity. Under these conditions, cooling of the

bi ophar maceuti cal solution occurs at different rates depending on the
exposur e wh osmsteszont ai ner to the surrounding cold air, aad/ushw3dztent to
whi ch that container is shielded by neighboring containers. For exanple,
contai ners placed close to the cooling source or those on the outside of
an array of containers would be cooled nore rapidly than those further
away fromthe cooling source and/or situated at the interior of the array.
[ 0006] In general, adjacent placenent of multiple containers in a freezer
creates thermal differences fromcontainer to container. The freezing rate
and pr od@805him¢nsuse effipient ehepd auailahletshacedosidatheffrepaere containets agpace bet ween
t he cont ailners and air rmveaquﬁnt itn t he f{efzder Thi s reﬁkglts in a
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contai ners for individual portions of a single batch of biopharmaceuti cal
mat eri al aeayEs ehdidterent ratey dependiag on the exppsuse pf ¢ashsonipineh® hane batch due to
di fferent el hi i t] I Lz N | 1]
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"cyroconcentrati on. sone cases such cyroconcentration could result in
pH change, unfol ding, aggregation, or precipitation of the

bi oph i cal uct . th lting in product. | oss. [0007
b1 pos atPH0 A EanrE S s et ulipld epHrBeRGR e S ot her 11 exi bl e
cont ai nergef{al 8fFfRER s BOROGHtaih@ A6 ENHaihét. ITIRFreRbinkhate Bh@ PRALSRRAHE cal

material. Particularly, the volunetric expansion of the” bi opharmaceuti cal
mat er i al sheludépegd on ithecadtwrd fisezar doagesracabawes s siogiainsregsdizie in an over
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containers, duri ng freezing, thawing, or transportation of these 2 WO
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for ex a”%ﬁeri&l%éy%ge AfHREAR 1t for portions of the same batch due to different

thermal histories resulting from freezing in a multiple container freezer, particularly if
the storage arrangement is haphazard and random. Another consequence of obtaining
arange of freezing times is that certain containers may freeze so slowly that the target
solute can no longer be captured within the ice phase, but remains in a progressively
smaller liquid phase. This phenomenon is referred to as “cyroconcentration.” In
some cases such cyroconcentration could result in pH change, unfolding, aggregation,

or precipitation of the biopharmaceutical product, thus resulting in product loss.

[0007] Disposable containers such as plastic flexible containers or other flexible
containers often are damaged, leading to loss of the biopharmaceutical material.
Particularly, the volumetric expansion of the biopharmaceutical materials during
freezing could generate excessive pressure in an over filled bag or in a pocket of
occluded liquid adjoining the bag material, possibly leading to rupture or damage to
the integrity of the bag. Moreover, handling of such disposable containers, such as

plastic flexible containers, during freezing, thawing, or transportation of these



i npact, or other m shandling events arising fromoperator errors or

i nadequate protection of the flexible containers in use. [0008] Thus,

t here i s womemsoBdr systens and net hods for freezing, stomrcmgisoassi3t hawi ng

of bi opharmaceutical materials that are controlled, do not result in |oss

of bi opharmaceutical material, but instead create conditions conducive to

preserving the biopharmaceutical material in a uniform repeatable fashion

in a protected environnent. SUMVARY OF THE | NVENTI ON [ 0009] The present

i nvent i gshiRhe @R result if dhink 84 thRPE Ghe, Br SHSIPRMS Sock! #Ridy, hawi ng, and

storing a biopharmaceutical material, which includes a flexible container

adapt edimpagt,os o#hiev eishagdling byeoirasingdem operptofrgrrersicaiinadagyagd n for freezi ng,

t hawi ng nd staring. ...The container includes a first substantially

tr apezoP’E?S?C%BBP?F@g&éﬁltﬁlggﬂlgamfg 1gugeécond substantial |y trapezoi dal

portion. [0010] The present invention provides, in a second aspect, a

systemfor freezing, thaw ng, and st oriqrglg bi ophar maceuti cal material which
S

i ncl ud @008 Thesithire iscopredifaryysteans ape methads Aordreezngaperag. e thagrg ol unit .
The fl exiphl i LS. i I EJLH t ophar maceut i cal
mat er i al‘*P‘Hﬁ?%?‘%@‘%@ﬁ‘?%%ﬁ‘?%ﬂ%ﬁa% ésO?’ g?l %g .dgiﬁgregléllﬁ?go%se& may be forned of
a first bppbahentitidal patdrial, whasteadtreit esnditiensnaindnéiaé tq meseedng tiget her by a
seamwith a second anbSt%ﬂti ally flat s%ﬁe& g]‘ f.l exi bl e terial so as to
lie sub¥phprmageytical maferiph e WHHET HREAIANE (BRI IR PEYREEY ner ful Iy encl oses
an interjor.pgtion for receiving the biopharmaceutical material. Al so,
the container 1s configured to forma three-di nensional shape when filled
wi th the biopharmaceutical naterial wherein the three dinensional shape
has a first side and a se i alelelalsy first side. The conduit is
connected to the flexi bggﬁmmrg)?.‘rr Cam v&é@ out si de of the container
to be in fluid conmunication with the interior portion of such conduit.

The tenperature control unit includes a first surface and a second surface
f aci ng [00RO]The preseunirifersionmravides; e Hshasepdt uswsied Mrdmezing; thaWidgconf i gur ed
to receive the 3 Q - d | t herein,
unen'  nat€ghiis R SRErpE AL b P e AESRI SRt it

to receive liquid biopharmaceutical material therein for freezing, thawing, and storing.

The container includes a first substantially trapezoidal portion attached to a second

substantially trapezoidal portion.

[0010] The present invention provides, in a second aspect, a system for freezing,
thawing, and storing biopharmaceutical material which includes a flexible container, a
conduit and a temperature control unit. The flexible container is adapted to receive a
liquid biopharmaceutical material therein for freezing and storing. The container may
be formed of a first substantially flat sheet of flexible material joined together by a
seam with a second substantially flat sheet of flexible material so as to lie
substantially flat when empty and wherein the container fully encloses an interior
portion for receiving the biopharmaceutical material. Also, the container is
configured to form a three-dimensional shape when filled with the biopharmaceutical
material wherein the three dimensional shape has a first side and a second side
opposite the first side. The conduit is connected to the flexible container to allow the
outside of the container to be in fluid communication with the interior portion of such
conduit. The temperature control unit includes a first surface and a second surface

facing the first surface. Also, the temperature control wnit is configured to receive the



material. The container confornms to the shape of the interior of the
tenperature control unit and the first side and the second side of the
cont ai nerwoaams3t he first surface and the second surfa®eTafSor/bs37
tenperature control unit. The first and/or second surfaces of the
tenperature control unit include a heat transfer surface(s). [0011 ] The
present invention provides, in a third aspect, a systemfor freezing,

t hawi ng, and storing a biopharnaceutical nmaterial which includes a flexible
cont ai nefleRddit @ntdiRENREBIN MieC MR IcOMainenistfilledReitH thebidphemeepitaianer i s
adapted to receive liquid biopharmaceutical material therein for freezing,
t hawi ng, metefiadt She eeptainesepniqras to therihapaeirthe interigsfof iertemperatuednf ormto a
shape of {nteri 0 . t I j e to the
cont ai ner OB S shF BRFP KGR s ool ohGERPREFS 2 LTa)
The t enpeididéradd elanddeohd suatdce btk Welaperatind emsiol amie Tieafirst andi@f er surface
and at | east one novable wall adapted to (f‘%gpress the contaipner to inhibit
a cl ear aﬁ??é’ndﬁé‘%f%@éﬁfith?ete%ﬁia‘éﬁr%‘é?ntré’ﬁﬂmfH’é 3 hegklransies SHESE(SYr ansf er
surface. Further, the at |east one noveable wall may include the at | east
one heat transfer surface or the at |east one noveable wall may provide
suppor t [0@t1]The ptdsent inventoorpraiidesy invd thivd aspdet vi syisfeindat fredzimn dfasiing,

capabilities. [0012] ,The present inyentian ovi de in.a fourth aspect, a
yot em f GRS Piogad A PheRa i MatrtaL B B S keSS at or s ol
whi ch i ngdiiglesn SRRLALME! TROARISE coltRintRaIINRePtPRBAVRGREt i cal therein
for freezing. The container is configured to conformto a shape of an

i nt eri or bsfpharnasepiégadmatesiad tereimfor drsezingithawinghandyering. nlso.ithe

substantially filled wth the biophar tical rial. t he
cont ai nefo?tﬁ}éﬁeﬂﬁecgnﬁﬁurfefl}%forg%% Foganﬁlaangéﬁ Bl e?borgﬁ égeéﬁ %%]a nﬁllgdrcg 1N Wher ei n
the firsinAOilre@dna6 thieossaering ubstuinlBrildd ith thEbidphemmestcal he

portions may be substantially trapezoidal porti og}s@,Ei suPst antially

tri angul apatgrénls Tbptempsnytenonital ynjt ingludessyirast onsaept bsier sepaceapti al | y

par al | el GPicAGE RRableWN adilRA!i8 Bk BlebytnE cbhBI-F1oRAfbl A RoargpST ant i al | y
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of the t dbpeseatthy eontaintraold theatiléastene Heavearsiie sseaee. dtudper, 8o af kast
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moveable wall may provide support for the flexible container without having heat

transfer capabilities.

[0012] The present invention provides, in a fourth aspect, a system for freezing,
thawing, and storing a biopharmaceutical material, which includes a container adapted
to receive biopharmaceutical therein for freezing. The container is configured to
conform to a shape of an interior of a temperature control unit, when the container is
substantially filled with the biopharmaceutical material. Also, the container includes
a first portion attached to a second portion wherein the first portion and the second
portion are flat. Furthermore, the portions may be substantially trapezoidal portions,
substantially triangular portions, substantially rectangular portions, substantially
parallelepipedic portions, substantially elliptic portions, substantially semicircular
portions, or substantially parabolic portions. The interior of the temperature control
unit may have the same shape as the aforementioned containers, when the containers

are substantially filled.



[ 0013] The present invention provides, in a fifth aspect, a nethod for
freezing, thaw ng, and storing a biopharmaceutical material which includes
connect i ngoasfosToss flat substantially trapezoidal portiorcrasaz/saseond fl at
substantially trapezoidal portion to forma container adapted to contain

t he bi opharmaceutical material for freezing and adapted to conformto a
shape of an interior of a tenperature control unit. [0014] The present
invention provides, in a sixth aspect, a nmethod for freezing and storing a
bi ophar je@dSYThe plesem ileh@bn pridRIcTBA BIHH -3¢ ALH RO PV Fideting, MR ner
adapted to contain the biopharnmaceutical material for freezing and adapting
the contdshing pbicphtroressuiticalamarpleviveh telidaes eominestingfa first Saper at ur e

cont rol i . . further inc es, conbr,essi ng. t he contai ner, when
it isr e%ﬁ@%%%%éﬁﬁﬁﬁ%%g&ﬁﬂfpgﬁﬁ’%tO aoﬁﬂc?ﬂ%ieﬂé%éﬁlbsiﬁ?[hf a}%e&ﬂl‘iagi’o‘?c}ml%? to inhibit
a cl ear afoerd Dehteedt aifigedRioatalethedishhaimadegac nRfeiahRRrebsiapah@r surface

of the tenperature_control unit. [0015] The present invention provides, in

a seventHagatsgde conforaingghapgof ap ddetigi@!l 2 tempeiptyes, contral waibr i ng a

bi ophar maceutical material. The nmethod includes joining a first
substantially flat sheet of flexible material by a seamw th a second

subst anf0i04#4] Yhe presdnt sivestiorofrofidex it b sixtiaaspeitah methofl domnireezirgeatidbl e cont ai ner

adapted to.recei bi og ar rraceu]}bi@cal t erg}ildn for, freezing, thaw ng, and
t

ive a
Stor i ng. SRS R PBPFBTSEERRAGRAL [ khe TEUReAABIAc) ROTidiaA iAlERed 1 or
recei vi nglabRA tHLORARIRERBYEdRRAL RIS hRtal3Yr ﬁ@&jngndﬁu%agi thghe first
substantially flat sheet of flexible material wth the second
subst antgoatdigerftp gonfotmée a sapt o€ s biterioraif entémperatretdontrel whitreéftsd onal shape is

formed w t he contaj ner by fillin he cagntajner with the .

bi ophar n%%tgﬁfii[f@er c{hé(#ﬁf 8?m*3\%§ﬁ1%$ h‘etcﬁg%am[eﬁr -nd{ LTRSS AR E@Hﬁﬁé‘("has a first
si de andyfahs ea@ReatiiedOn@AINOS, teinhibg o diEFinceibdBveetheCRRBIHhdr 2A@Yt DE connect ed
to the flexible material wherein the outside of the container is in fluid
comuni d&tst 6Re heat firapsfer suskaes piothe framparegtiradoattehenicondui t . The cont ai ner nay
be received in a tenperature control unit having a first surface and second
surface facing the first surface and the shape of the container may

conf or nj0045}Thd presemit drvention frbeides ipe satertheaspend b mmdthadnfok freddigg fi rst surface

and the second surface of the tenperature control_ unit nmay contact the
first siB@Viggaqhgodrgdpigraggeceficehpaenak disapethodiaelupes loldng st surface

and/ or tgr SRSARGIBHLRE: BRNeAiBfel hiderid tYeealWARS] Lot ElRGStalRy

flat sheet of flexible material to form a flexible container adapted to receive a

biopharmaceutical therein for freezing, thawing, and storing. An interior portion of
the container is fully enclosed for receiving the biopharmaceutical material by the
joining of the first substantially flat sheet of flexible material with the second
substantially flat sheet of flexible material. A three-dimensional shape is formed with
the container by filling the container with the biopharnﬁaceutical material wherein the
three-dimensional shape has a first side and a second side opposite the first side. A
conduit may be connected to the flexible material wherein the outside of the container
is in fluid communication with the interior portion via the conduit. The container may
be received in a temperature control unit having a first surface and second surface
facing the first surface and the shape of the container may conform to an interior of
the temperature control unit, The first surface and the second surface of the
temperature control unit may contact the first side and the second side of the container

wherein the first surface and/or the second surface may include a heat transfer surface.



WO 03/ 037083 PCT/ US02/ 35137 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] The
subject matter which is regarded as the invention is particularly pointed
out and wosBiosmssy clainmed in the clainms at the concl usi emaTafSor/Ba3?
specification. The foregoing and other features, and advantages of the
invention wll be readily understood fromthe follow ng detail ed
description of preferred enbodi nents taken in conjunction with the
acconpanyi ng drawings in which: [0017] FIG 1 is block diagramof a system
for freezing, thaw n i i Qphar j material, in
accordance with the %&@Eﬁ?ﬁﬁ&ﬁ?.‘%ﬁ‘?ﬁu Iﬁgisu S a side
cross-sectional view of a tenperature control unit of the system of FIG 1
havi ng container, therein; [0019] FIG 3 is a side elevational view of a
f1 exi bl EOQ’g‘?r&tTélﬁﬁB‘PJeﬁdﬁaﬁeﬁng‘? regagiqdng theyentiopdspatHeulai b pRiEkdR¥ ut i cal

mat er i al ' SUSMs e @nclhsiBh bPthe sPeARSABR! Yhet her eof ;

[ 0020] F?&&Iaﬁaﬁéﬁaagﬁ%elag?é%s-secs'(t)ai ona ngll %lw o? tehgeterrperat u?e control wunit
of FIG Toreghii@2and bther febturss, and adantageosithe mventomavilMieawadity t he t enper at ure

control uniit of EFIG  1; 002 El 6.1 s a block diagramo sy.stem for
Cooul at i TGOS GRELIETINEIOR dxaprdstibgotet R PaCt B eRls i R or

hol di ng Qbﬁﬁgﬁ@ﬁmgﬂe%&oﬁ%@[ﬂga&hwﬁ@gil{mﬁ] FIG 7 is a side el evational
vi ew of thé container of FI 3 when substantially filled with

bi opharmaceutical materials and conpressed in the interior of the

t enpera trol.,unit. of t S e f FlG, 1.6 37083

beT] o WO EAS8! R ol dingen iR B Ber i Tl ey o THE

| NVENTI O¥idfd@rddceliicak GesrBang acotirddhct Rethahd presdak Bfvepfiort;he present

i nvention, ‘systens and nethods of preserving and storing bi opharmceuti cal
materials are provided. [0025] Wen processing biopharmaceutical materials
such as 0% .. Cl: 11QF I frozen
oo qu LG 1ETERCER iy SHUPROES Skt ew LPE HBHRNE condol AR FRCSoREE,

i ntracel loflFaG. 1 heving ¥ séhiner tAsrein;r esul t, the cells

[0019]FIG. 3 is a side elevational view of a flexible container for thawing, storing, and
freezing biopharmaceutical materials useable in the system of Fig. 1 prior to assembly

thereof;

[0020]FIG. 4 is a top cross-sectional view of the temperature control unit of FIG. 1;

[0021]FIG. 5 is a front cross-sectional view of the temperature control unit of FIG. 1;

[0022]FIG. 6 is a block diagram of a system for regulating the temperature of a

plurality of flexible containers for holding biopharmaceutical material; and

[0023]FIG. 7 is a side elevational view of the container of FIG. 3 when substantially
filled with biopharmaceutical materials and compressed in the interior of the

temperature control unit of the system of FIG. 1.



may rupture and/or becone unviable. On the other hand, if the cells are
frozen too slowy, the cells are exposed to concentrated sol utes over

ext ended weoroswms7oss tine, which may also lead to cell danege/usppssaas] The
freezing rate may affect biopharnmaceutical material distribution within a
frozen volunme with nonuniformdistribution of biopharmaceutical materials
|l eading to detrinental effects. In an enbodi nent, control of the freezing
rate may be represented as control of the dendritic freezing front

velocity, with the dendpigy ' TioN oFuNEg froma cooled wall into
a bul k region of bggﬁb ﬁ@%ﬁf&l\g %?FHE"’I’NVEN‘? ONeezing rate al so
affects the final Tave—‘m'O'p';ra'r‘rmceuti cal

mat eri al - protecting or biopharmaceutical material -damagi ng

char act ¢o024]1£ Secofinc@aMIhSprisciple®sLihe PR értinvahntibn, By stpine bndaritods al
material enbedded into a vitrified portion between dendritic ice crystals
may be aof prespiningrrad staringdtionharrapgentical matarialy ara growdsd.  Bi ophar maceut i cal
mat eri al -danmaging matrices nmay take different forns; for exanple: (1) a
very tight cellular ice crystal matrix or (2) an assenbly of a very large
number 0025 Ehécgrocesyiap dicphairhivepticni neterialsooelt avkdlls fmery thin | ayers al ong

the crystal boundaries. The frozen trix characteristics, depends on the
i ce crystCRIOPEISEIYELRR: OWW%Q)@FF 14 figzan fre qB’éH‘ngW tﬁ?éoo h@ﬁd’& Ptic ice
crystal RAelidt Coleft, thededls gﬁ«'deaabg iFPAE I HarSbS HGkts® Adeneyss myddmgrily on a

freezing tront velocity h oth i1y inportant factors being the

r secondari
t enper at miay rugtusdareiiir, becomp usvinblen Cartlle othackandy Hithoeellsfarsbzendse and
geonetry of the freezin contai ner,. 7 03/ 037083, PCT/.US02/.35137 [0027]
Accor di néPOtVYJyttﬁ%Cﬂ‘fsg%ﬁ’?pqsﬁqe@n‘iqnfi?ﬁmﬁéji S}\é&?srﬂvﬁbe’%%de\(}@f%ﬁ?f’g{ngﬁ a dendritic
i ce cryst@lick magalshlealitontl thgagafter "dendritic freezing front") in a
range from approximately 5 mlITineters per hour to approxi mately 250

mllinmeters per hour, or nore preferably in a range from approximtely 8
T LRl A BTN SRRl SR i O o
appr oxi maezky valameiitl hémingoim destritiaion of bjppbathrdesutkdlmantesigBdeisling to
cryoproe %Setsriimnegnteﬁoe?f%ictts .i (I)r[] gn Lrgbgdiyge(rjl’g cgl%poq %f ’8Ie frse%gitng r;gte %Qa%lf 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.



feasi bl e operating margins so that danmage to bi opharnmaceutical materials
may be mnimzed or avoided. [0028] As an exanple, the follow ng

di scussi owoioBlosmBs at es the rel ati onshi p between the vel o®ciysot/3dendritic
freezing front and the size and spacing of frozen dendrites in the context
of freezing of biopharmaceutical materials. [0029] If the velocity of the
dendritic freezing front is nmuch | ower than approximately 5 mllineters
per hour, the dendrites may be small and densely packed within the

dendr i t| TebI=aly ont
behaves ﬁ'gﬁg%})ﬂ%ngf Otp eg(é:’ﬁ;:siw t%éo ad?%@%a@gﬁggﬁ%% g? %ggﬁrﬁgé{g material s
not bei ng:rysmtlé@ezmgﬂrdnn(lrerdalﬁer "dealiitic freexing fhartt")dn e rixedenfgornst ead rej ect ed
and pushed towards the center qf a flexibl cont ai er t hus causi ng

severe crapBIOSHBRRY AHMetets PHIOM tpAPET gtélyozfs t"i’l‘ihm ‘iebgﬁ?‘?é FeBut i cal
Rt o1 | al ok QPGS En ok A proR mBY bl GRE DG (br Ont [ ner eases to,

but still an approximately 5 mllinmeters per hour, the
dendri t esapgroximatelye®iatillimetgeyper howt, gemostpdefenably lsagalnﬁtfé@m devel oping into

cellular or col umar n this case per cent age
of the sdPEIq é@%?lygoo‘gﬁgmﬁ% Ih@'eﬁ tor?ﬁ?@?‘il’égftglyl}gé %‘5@3&@1 nto the

sol i d masgevilleksdd@astagdtus bryRiprddassisdontRBnaRCh RideRhag seingahd material s
are pushed forward by the advancing dendritic free2|ng ront and their

concent r deisiirle pperating magingsofhaisdanmsee i1 bppharmaeaticalanitenals may R 110

i ncreases, on may still result in danmage to bi opharnmaceuti cal
mat eri al & WW%‘B’%‘I@%%?, PCT/ US02/ 35137 [0031 | As the velocity of

dendritic freezi ng front i ncreases to, but still remains |less than
appr OXI rrat 5 mlli rret ers _per dendrites sorrewha | arger in
si ze 1%9 yeprample dhe fpdloving 1ﬁ‘§15$1ﬂ’%§uéfé‘?tﬁﬁhﬁlrelﬁg RRvFe é‘t”t erns. In

this cas evelo%ﬁbr Iffierﬂﬂ 1 PeeS TR thor? &ﬁf%ts&g%nngg d%lﬂ% (ﬁ%dk‘éﬁﬁe&l’ntes in the

bi ophar naceu mat er 1 al s “may ecorre into the solid nass.

| nst ead, cvngxt of fr¢chmesd hivEwrmastuticad platarimbsceut i cal materials are pushed
forward by the advancing dendritic freezing front and their concentration
in the liquid phase of biopharmaceutical material 110 increases. This

si tuat i qo2BYif #le Veloci§Hflifte ddhdHAIREE, M OHBAAPRRICNBS R ithAPdppraMiRaicBl S
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.

[0030] 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.



[0032] If the velocity of dendritic freezing front increases beyond
approximately 250 mllineters per hour, dendrites start to decrease in

si ze and weas/B708br e conpactly packed, thereby |osing thecahish2/si3t o
properly enbed solutes and particles conprised in biopharmceutical
materials into freezing front. [0033] If the velocity of dendritic freezing
front is much higher than approximately 250 mllineters per hour, the
resulting solid mass conprises a random unequalibrated, structure of fine
ice cry , C j [ YOL i : hiev.ed, nple, by
super coBCins PR, S EhURER LS Eal R TR iy AT 21 ng

bi ophar magguppreaimatelyey indilimetens pdihoud, theatendrites ghyw sarhevelnayiangprsmeize vol unes
of biopharmaceutical materials into |iquid nitrogen or other cryogenic
fluid, | OUBRpraSPaEieahBreIoning BiQslonaE eRRmaa] PRGBS, 1S Gabisal ed to
super cool.j i I RRAS I : o I growt h, the
vel oci tyh%lggcfgn&é%e{%égl eg)gm ng%t%ﬁgﬁaﬁn%&%cfgg%%%%%&%%}é%%)ﬁ{guch f ast
dendri t i embedilet] inelthe sdlidanassainstead amestf thedsolutesamidiopharmagsriedl s e

bi ophar maceut j cal terjals erein the,.sql..d.nmasses are t. fornmed of
equi | i br glaéﬁﬂlalscaée BW;P@MQ’P% ﬁgﬂp&ﬁﬁiﬂgﬂhﬁﬁgﬁz%%?ﬁo {af’lf‘gglg%% are prone to
i ce recr ysiahiritfd ih Re 1Y PhieTTOlophi@ihcolticallateginl 1 Ein6leysb.allBisand gr owt h
of larger ice crystals nmay inpose excessive mechanical forces on

bi ophar nsitwtivh eedy st repulbingdamage ta biepharppesyHss adeidls.cal naterials in
non-equi l i brated solid masses may be distributed between ice crystals in
very thin layers on grain boundaries. This produces a |large product-ice
cont act [008231f A6 ScldtRR of detRlritio filebiny oyt ihevegses baydmerappfoximarelly250c e

crystals, which is detrinmental to bi opharmaceuti gal mat eri al s. WO

03/ 03708 Mmibiowterspey BEradendritey Yt tp de@rasgdh s and beSomS R CEMPAELY equl at ed
by increasing A ' AUbIREs Al Bafieis@mbtinar eby

i nfl uencg%!gﬂggh@srﬁgf?%S?I?%{glt@%bgﬁ%tc{kﬁg{geﬁ[@]s%i ng Lgesnaglr i%ti o fregzli ng front
vel oci ti @shiopharthabsutival materials imndreezing font. at i on of sol utes. [0036] The

|l ength of free dendrites may depend in part on the front velocity and on
the tenperature gradient along the dendrites. The free dendrite may refer
to the 't[@@s!?]ﬁ'ff% veloPRy 4 AEdriR fkhibK Fogt & MuhiHighe ifiuiagpioRagaely @50
alternativel'y, to the thickness of a "nushy zone" or a "two-phase zone",
e.g., a milimeterspbr bendihetrpsultingsolid yesnitompresgh 8 gandom, 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.

[0034] 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
produces a large product-ice contact interface area, due to the very large number of

small ice crystals, which is detrimental to biopharmaceutical materials.



and liquid phase between them At the tips of the dendrites, the
tenperature is close to O C, and decreases gradually to match the wall

t enper at uwe oalogmeg3 t he dendrite |ength and the solidifiedpcagsoassy7 from
the front. The tenperature of liquid between the dendrites al so decreases
Wi th nearness to the cold wall. As cryocooling continues, with certain
solutes such as salts, the solute concentration reaches a eutectic
concentration and tenperature . [0037] The solution between the dendrites
then solidifies, reaching the conplete or substantially conplete, or

solid, dendritic state. This state is a matrix of the dendritic ice

cryst al 03] Irﬁeﬂ—ddid&itiedp&mhgnmsbeiragda&dnbydﬂdreashtgaﬂdemasimhelhhaise dendritic

ice crystals me so es exa tes form
cutect| o0uR pREpERA Sy myERp? talueiRE Ryl Qe A B ee 10Rkitet veen t he
dendri ti gebfifg %ﬁﬁ%@batlesj%d b9 sBRNorSARE QniEMraBbRbESIIuds. bi ophar maceut i cal
product, whereas a crystalliné state may have a detrinmental effect upon a

bi ophar maceuti cal product. Dendritic ice crystal s are described further in

R W snj i vel oping, lar.ge- re for

Bi ophar L@:@Jﬁlg?ﬁ gffén?gden %gﬁ%&adeﬁi O%gﬁf %@Q‘Selo @éabﬁ"g\}s ni ewski ,
Large Sc @én@peﬁtﬁﬁbpg@&leﬁﬁ/a%ng(lﬁe 6éndeied. srheCﬁaéel defdrpansneter tathd ledgtiobHgi cal

Sol utions, BioPharm 11 (9):42-61 £1998) al | . of which are incorporated
herei n byllq@némﬁl@kmgomggl}e lignidphasgorppligryatisielio én the Hhicknsss oided i n FI GS.
1-5, port s{,,&[‘q: 80 R gtoring

bi ophar nal!(rzlgu ar ﬁg%{e ra ﬁsagé%%rfesh%)g\hglql% ik&g{lﬁ%@%g%}ﬁlsﬁgf@%@e a sterile
cont ai neand H ﬂlmaseabétWeeﬂthém mmmmpsmfthi)dermldm;mdtmmpemum OI3s©37083

PCT/ US02/ 3 0187 contain th %ﬁ har maceutjcal materials and configured to
conf or m V3 CWS%gra B‘Ptc fSWRR Pt e @l dbe 8¢ ¢t “such as a
heat eXCMQaﬁ{nd% sbR@Aed mlaﬁasrwa%&ﬁﬁ&e&oﬁo Ths 1GARGLEWRYighR be operat i vel y
coupled to"a tenperature regulating unit for controlling fluid fl ow

t hr ough &etve@naol tint alandntmcﬂm resraades adgth deewtesy ﬂoeth@ tcdd wallattessru@oofingheat

exchanger 20 to c rol. e tenperat.ur n or 25 of heat
exchangef® éﬁl ‘?rgqull %qqut%ﬂl 1% § ﬁletf‘gg‘\?e ?%108 'ﬁthBIreatcg?fip%rat ure
regul at i ggtebkipd éor%@nt&&&%ﬂ&@ﬁpehﬁﬁfd ng and/or cooling of the conductive
medi um such as

[0037] 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 Cells, Cell Components, and

Biological Solutions, BioPharm 11 (9):42-61 (1998), all of which are incorporated

herein by reference.

[0038]In an exemplary embodiment depicted in FIGS. 1-5, portions of a system for
cooling, thawing, preserving and storing biopharmaceutical materials are shown. This

system may include a sterile container, such as a flexible container 10, adapted to
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pl ates 40, to cause freezing or thaw ng, for exanple, of biopharnaceuti cal
materials in a container, such as flexible container 10, when it is

i nserted wotos/oBTe8ri or 25 of heat exchanger 20. One exampica/usb2/asibeat
exchanger is described in co-owned U S. patent application nunber

09/ 905, 488 filed July 13, 2001, and co-owned U.S. Patent application No.
09/ 863, 126, filed May 22, 2001, the entireties of each of which are hereby
i ncorporated herein by reference. The cooling systens described in the

af orenmeny i ues

descri be%dn?{lﬁglrléggﬁb h&ﬁ}ahﬁﬂl%al rﬁggﬂgﬁlg %@%\E(ﬁ% 10 td{(;!ﬁ}ﬁ\‘té;gss%/ % r(gﬁwslaﬂand met hods
of freezinﬂ@icﬁcnﬂatsmpemmge ctnnmohamnmuﬁuﬁs cladat a:ecmangealze. of the present
invention. Specifically, the coolers or heat exchangers described in these
applications may be configured to incorporate and/or receive the

contain 9@91’521%&551 ?0%%% 8 b Bperiie m&%&a@sa% pastuherein and
any ass CI a structtures. 0] For exanpl € nperature regul ating unit
27 may coeguladingfuniti2d bt mntrbﬂmgtibhd ﬂewtthrctughlaybeducptf@méluﬁosmb asontrol a

rat or o) SR ARt P IS AR ALt ERapiR A ge Hprdlt PapepugRRRRGROTEe ! €%

bi ophar mag gphbf @kchHRkE 108 £ cortMeP BED g[ovmr Gsel RGRTraL thPeraf@esor s (not
shown) which may be inserted into container 10 through port 200 or may be

connect etbgulatingruniti 3t te g@l@trolﬂagatlrm adas coolingrof the P@@Gﬁé‘@l@nﬁ@% Pehdst s nore

precise contr of h r i h rials, and
facili tapg A@nﬂ %% reef'zl%neg %g%%ﬁn% f%?]e%ﬂﬁe%l% (r?% ﬁ% h}{’%{[ags Wit h| n the
recited ipdeGRain¥dkhcHdsetexibkeordsineveld, whbh ﬁKﬂﬁS&TedQﬁtoflh’embeEOﬁh@t| | e

cont ai ner 10, t hermal resistance between fl exi ble sterile container 10 and
pl at es 2@xchanger, 20ar(énea‘i¥ta6]@ﬁt9 tadhioplexchrrger isdegerahed iy fR-oPRES gh D8t f eedback

[0op. 11,4003/ 034088, RAH-USAASE K7 13] 89 Tnda HuslRNG bisend 0021 ng from

separates |op arnaceu |cal’ material s presént as solid mass fromthe liquid
form of uhsidationbar Oﬂ/aémmgdiledmnagmal(ﬁ)l theentiwyiepofowiole bhwhich asol i d- 1 i qui d

interfac whi ch dendrit formn As heat r.enm om t he
bi ophar ngerggyll%cgrp%t@ggp‘rg}ns s ?rf?ﬁegph gﬂ%11nc¥es[¥at'e{n§ gsc]rl:égékqth § front
advances ﬁ,‘é@%enﬁcﬁfewagﬂ?cahaﬂseancﬁﬂééz%g%@f/orfthﬁ%mg k@hsig8Ed dec@at ai ner 10, as
addi ti ona rquid b parrraceutlcal materials freeze into a solid nmass. In

an enbodiheesin, why bhesed in conjunction with the systems and methods of freezing and

storing biopharmaceutical materials of the present invention. Specifically, the coolers
or heat exchangers described in these applications may be configured to incorporate
and/or receive the containers for storing biopharmaceutical materials described herein

and any associated structures.

[0040] For example, temperature regulating unit 27 may control fluid flow through heat
transfer plates 20 to control a rate of dendritic freezing front velocity within the
biopharmaceutical materials through feedback temperature information regarding
biopharmaceutical materials from one or more temperatures sensors (not shown)
which may be inserted into container 10 through port 200 or may be connected to, or
integral to, plates 20. This feedback loop permits more precise control of heat
removal from the biopharmaceutical materials, and facilitates control of the dendritic
freezing front velocity to within the recited ranges. Variables such as wall thickness
of flexible sterile container 10, thermal resistance between flexible sterile container 10

and plates 20, etc., are automatically taken into account through the feedback loop.
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present invention, the dendritic freezing front velocity is the velocity
with which the dendritic freezing front advances. [0042] In an enbodi nent,
t he rate wOD ost0B8™B3 heat is renoved (i.e., the heat flux) fremuShhas137

bi opharmaceutical materials determnes the velocity of the dendritic
freezing front. Since the tenperature gradi ent between bi opharnaceuti cal
materials and plates 20 is correlated with the rate at which heat is
renoved fromthe biopharmaceutical materials, the velocity of the

dendri tj 1884 ¥l : i enperature
of plat L@ngqﬁfoull?f t{cﬁéeg g?reope?erpe gnboéc}?ﬂng%%@ﬁ%g%a?%dsaﬁ%ﬁ%@gﬁé from

bi ophar med&linassafrorrahelidquad formadf tike biapleartiae¢utipalonateeds,dahadbspradtdiag | y

uni form advance of. the dendritic freezi front . within bstantially all
vol une of wlhf@ﬁav@ﬁﬁtgrfﬁaepwq}l@wﬁénﬁiﬁfeé@f%fogmeﬂg_- SRS EHV PP NS onst ant

vel oci tybﬁz)flgl% HERAN irfateials' BRFLS, the e&idritix%&ﬁg%ﬁ@acﬁfan@elswazt antiall'y

constant velocity of the dendritic freezing fron ]

] ~within flexible sterile
cont ai nefronaihe dnmtir wgrface ofiflexivteodiérite nontather H), 2 additental bguids desi r abl e

because jt provides .subst ially steady-state condi.ti opns.for undi sturbed
denar 1 +1 BlopBirRey ent SsFSaRecEs e esiBEHer T Fa RBRUMGALILHEL 1o the

cool ed hgakedtiangiioh, e dbakRic\Hebiing flohevdlo€sz i veldity Mth WRkA4le As
depicted in FIG 2, heat transfer plates 40 may be arranged non-parall el

rel at i vedenslrifieelreponeHeont adingesy be arranged rel ative to bottomwall 50 such
that interior 25 conprises a tapered space with a smaller distance between
heat transfer plates 40 at their bottomends than at their top ends. This
t aper ed [G04R] I b0 ¢inBedingnt, e @rrat evhixsisheaeBiremoval (i.bl thethept )it han its
| ower extent thus providing a head  pressure whjch also serves to pronote
contact 8t hippharmpecutigalmatails dejergnipgs tﬁ%éf‘t"loiliy Véj‘f‘eé? HigSepRg/ Us02/ 35137

Lranster B! Scd e 18h8Gaptd ol SRR ABAARHE O nitklfSad0 | S Tavorable

since it~ provides nea irecting t vol umetric ice expansion in an
upwar d veldtéscdl is cdirelattlivath thBetastsehithbeatiistearnyed fromtben pl at es 40

i ncreases, along a vertical ;axis of. f i bl e.coptain 0 he tinme
Irequi red?’*‘}ﬂ%a@gar‘ieﬂf\{%l I Bl ﬁ#egﬁﬁ)?t(8%@1?&%83%%&?%@%%{5%?%53f rolnts) to
meet at  ofivéltdddyhonBBlMEER: fehPefthat 85platgneases al ong the verti cal

[0043]In a preferred embodiment, heat is removed from biopharmaceutical materials
at a rate that promotes a substantially uniform advance of the dendritic freezing front
within substantially all volume of the biopharmaceutical materials or a substantially
constant velocity of the dendritic freezing front. Maintenance of a substantially
constant velocity of the dendritic freezing front within flexible sterile container
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.

[0044] As depicted in FIG. 2, heat transfer plates 40 may be arranged non-parallel
relative to one another and may be arranged relative to bottom wall 50 such that
interior 25 comprises a tapered space with a smaller distance between heat transfer
plates 40 at their bottom ends than at their top ends. This tapered slot provides a
larger cross-section at its top extent than its lower extent thus providing a head

pressure which also serves to promote contact of flexible container 10 with heat

12



axis. Thus, the volunetric ice expansion is not constrai ned because there
is always a |liquid or air cavity above. Such an arrangenent inhibits
uncont r olwed3mstossretri c i ce expansion, which can pl ace strcedases3sis7 wal | s
of containers, such as flexible containers, that may result in ruptures of
t he containers and | oss of biopharmaceutical materials. [0045] Flexible
container 10 may be forned of a lamnated filmwhich includes several

| ayers and nay have an interior volume ranging fromO0.02-1000 liters, for
exanpl e. r i 0 une bet ween
T R o T S

vol unme beiomidss mkahf @ox&hfectmg e solunfettic % @rpensiondn hn upwmmiafcertta:lab

product - cont acting |layer may be forned of a |l ow en5|t Ia}éet yl ene, very
| ow dens Hirgetiom: yféqcﬁ‘}ﬂeéh‘édlsEaPFﬁ/‘I’f‘éW%ef\/l?lﬂtﬁ %Hé?if%?ts%sa %}Hga& Hétyester,

pol yam d I ene,

pol yvi ny?‘?)élle ne%%ég%{%rcci@,’ 7 tﬂge regﬁak%dg%f’ E’%ﬂ}cﬁfg%gg ;[a Eﬂngsn%%?ggﬁrg ir?e

et hyl enefreezing fmhtsﬁ)tmmectcmmnyadmomt pdngeemhaﬂﬂatammmakﬂﬁlm ﬂlq)ml‘ypﬂflopyl enes,

and copol; xtures.ar | am nates co ise above. A gas and
wat er v aﬁ%% %?’I‘t "e?’ohuﬁﬁ?gic ffaGERFRsIPY }Srpé’é C%I?Strﬁﬁlngﬁ) ﬁ%ﬂué%@fi i lﬁgliwaé' F&ohol

copol y”e'hqﬂ?d)ﬁrlh'ileca‘(ﬁtwa béved SulR by aivhtiRnRht ARiHeE t@®IA RYlumeERS iaé e

copol ymer.” Furt her | exi bl e container 10 may include a_layer w th high
nechani caxpasntsmngmh(c@ngﬂaca syessssenn Walls ofgaataiisre fedrasdlexiblyer with

i nsul atin effec ers my
e corparraieteh Fed FER it of & (SRRl Imd B K B Fhs E?%ﬁ A oni zat ] on
for stemddrzas.i on purposes. One exanpl e of mat eri al s useful for

formul ation of flexible container 10 is described in U S. patent No.
5,988,442 to Vallot, which is hereby incorporated herein by reference.

[ 0046] two fl at
sheet s ?@1%]?%&&8&1? ?Plﬁfapt%E (]‘Jégn(? %ﬁlefgg)\rfgq %gﬁ%ﬁle\gqgﬁio‘?&gfrl nﬁéﬁggﬁegﬁseam and
to encl osagreesnandrmEy have anliteiey mamamgmmmwsmz @B1BTrs, fooexdngpie.

t her ebet t h flat sh b i
subst ant i )pr?fg%@%&? i Sﬂﬁ@gayrlggggt ?ﬁ'&‘s“ai Wﬁ@e %réprﬁger%?nfhe edges
Eigglr g?fedfnlﬁquffkf@erﬁblli’/aﬂeﬂfale%oﬁfdﬁr%ﬁ fiMnadhhve 4 VSlRARYetMen DAV, 5 Beerdest

For example, a biocompatible product-contacting layer may be formed of a low

density polyethylene, very low density polyethylene, ethylene vinyl acetate
copolymer, polyester, polyamide, polyvinylchloride, polypropylene,
polyfluoroethylene, polyvinylidenefluoride, polyurethane, fluoroethylenepropylene,
ethylene-vinyl alcohol copolymer, polytetrafluoroethylene, polypropylenes, and
copolymers, mixtures or laminates that comprise the above. A gas and water vapor
barrier layer may be formed of an ethylene/vinyl alcohol copolymer mixture within a
polyamide or an ethylene vinyl acetate copolymer. Further, flexible container 10 may
include a layer with high mechanical strength (e.g. a polyamide), and an external layer
~ with insulating effect to heat welding, for example, polyester. The layers may be
compatible with cold conditions and may be able to withstand ionization for
sterilization purposes. One example of materials useful for formulation of flexible
container 10 is described in U.S. patent No. 5,988,442 to Vallot, which is hereby

incorporated herein by reference.

[0046] Flexible container 10 may be formed by welding the edges of two flat sheets of

the materials described above to one another to form a seam and to enclose an interior
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exanple, a top trapezoidal portion 100 m ght be welded to a bottom
identically sized trapezoidal portion (not shown) at a seam 110 resulting
in a flatwbagobmes ng a trapezoidal shape. Further the trapgasozaii3portions
may be formed such that, when arranged flat one atop the other, an angle
120 between a side 130 of flexible container 10 and an indicator |ine 125
substantially perpendicular to a bottomside 135 and/or a top side 140 of
flexi bl e contai ner 10 maybe conplinentary to an angle 45 (FIG 2) between

one o g p0Bisindl SRSl st RS (15, 3 o

heat anger np e’inarange from0. 001
degr ee t qubdbintidegtragSoidabsiepp ek essukthghe thgvddingedthddedbesithgree® and 20
degrees and_nost preferred .  being between 0.5 degr.ee an egrees. [0047]
Fur t her , frming dpag eloneubisiratial sotr%%mg@rs RE, Bt g%%tré@meteé Hy?;@ (%e% 7

equil ate rJ i ) i i it st e
bi ophar n%%gntﬁlg’cdaﬁ%%k) gzrﬁ(g?%g%tg}nqg g?ﬁ S uggég??cg? ﬂ%t{%id?g%égpg I§lztésalé?ot f or med
by two ntapgraidal petiohdmdt shownpdt@rseqph al @ sesding inladtat baghleavirfd &xi bl e cont ai ner

10 is substantjally filled with a li.quid bio r paceut | terial, two
opposi tetrgﬁ’%@@aﬁ?ha%faerflﬁﬁg t}é\n%{ﬁpﬁ?}g?l 1%956'%%2@6 g\?mf‘ﬁ@'imﬁﬂhartdw Bt nt by seam
110 may Beaddearnz ohéstop tdothd, hn ffplle 170ARRFBRLIdS 1 8@ o2 ASIRBdodameeONd
trapezoi dal = side (not shown), as depicted in FIG 7. Also, a substantially

r ect angull@end an éndidateyiline 125 sobsiatitiabe perperdieulpsio abodigaryvdabls 4idis 205 may be

op i aeRaRtant & PUBEDEREY LhATRe S THREL A & T e ARG, o cona

subst ant b@hleyn bae beRG transfeelaead0 EIde2Padl Hisitanesite 50 (FIG. 25of isaapezoi dal
side 205 may be at _a second angle 225 relative to @ @f&ond i ndi cator |ine
235 subsexahengenl)- for ssamplsuingle 4gmenpe & g fog {6l degstatedrsi de 250.

\//A\mnglne lezg%q‘g%éﬁﬂ)% ?re%&?e X n%bget? asd.f‘ﬁ%ér@é b¥q @@H&g{@ésggla it AefRq120 formed

contal ner t and top trapezoidal portion 100 is
ar r angedbéingbettazp 0t hédegrioandolh dagegeezoi dal portion (not shown), as depicted
in FIG 3. Mreover, a bag adapted to receive a biopharnmaceutical material
could be fornmed of two simlarly sized flat sheets of other shapes wel ded

to each Pﬁi FurtBerd flexibRCARARGMr 20 mdy AR 4 Pri@fatic Rpale.el epepseieal el liptic,

sem circul ar, or parabolic shaped Sheets. For exanple, a bag 14 WO

03/ 03708 prifaTiic $0R¢ BiR r8ponse to being filled with the biopharmaceutical material and
being supported by the tapered slot formed by two non-parallel heat transfer plates 40.
Also, when flexible container 10 is substantially filled with a liquid biopharmaceutical
material, two opposite sides of flexible container 10 crossed at their mid-point by
seam 110 may be trapezoids, e.g. a first trapezoidal side 205 and a second trapezoidal
side (not shown), as depicted in FIG. 7. Also, a substantially rectangular lateral side
210 adjacent to first trapezoidal side 205 may be at an angle 220 to an indicator
line 230 substantially perpendicular to a top side 240 and/or a bottom side 250 of
flexible container 10. A second substantially rectangular lateral side 215 adjacent to
first trapezoidal side 205 may be at a second angle 225 relative to a second indicator
line 235 substantially perpendicular to top side 240 and/or bottom side 250.
Angle 220 and angle 225 may be substantially equivalent to angle 120 formed when
flexible container 10 is flat and top trapezoidal portion 100 is arranged flat atop the
bottom trapezoidal portion (not shown), as depicted in FIG. 3. Moreover, a bag
adapted to receive a biopharmaceutical material could be formed of two similarly
sized flat sheets of other shapes welded to each other, e.g., rectangular, triangular,

parallelepipedic, elliptic, semicircular, or parabolic shaped sheets. For example, a bag
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formed of two simlarly sized flat rectangul ar sheets woul d have two
opposite rectangul ar sides, when substantially filled with the

bi ophar neweusiosmb3 nat eri al and supported by two parall el pagatsor/ssassf er

pl ates 40. [0048] The formation of flexible container 10 in a substantially
prismatic shape, when substantially filled with biopharmaceuti cal

material, for exanple, as described above, allows flexible container 10 to
be received in, and substantially conformto the shape of interior 25 of

heat exchanger .20, . i i - - nple, seam 110
(FIG 3) E’é‘&%ﬁ%ﬁi’%8%?18%9%%2(0?@?%6%@%@%%% € %%gufhd%”?ﬁ‘gtg e P ot £ 1 exi bl o
cont ai nefecth@gilay sibes, vdes iswiathnitially Atled wih tizboieplembbmticaenaterdi @ndbut s one of
side walls 60 of heat exchanger 40, Further, in response to flexible

cont ai nefuppgrtedbyigvo ppllelhegs wansfanglaisd8har maceut i cal material, seam 110
may be located in a plane substantially perpendicular to one or both of
side walls 60. This configuration allows flexible container 10 to

subst an{00:38] The forimation bé fexiblearosfagmer pd fn esubs@ntidll sprisnedtigeshepst WheBO nmay

i ncl ude depressjo n.interior sides thereaf to recei ye sea 110. Such
depr essi é‘ﬂ’gta&%@ gﬁﬁfﬁﬂitb%é%’ﬁ%i‘ceﬁéﬁa;@@%r@ﬁg ieB‘IaB]pgeo At é?sﬁgﬁedg%og%d he;t
transfer au%sagﬁgu%%néﬁ&? 16 9 b@fdceilvad Mesid apkansalcniir Pekogape f | exi bl e

cont ai ner eat transfer plates 40 may act as an_i nsul ator
t her ebet viiaterioh 26 of boatlechangeh?Q, apdepiesedin FIESoll i2apdat-ShEeat ¢xsgb%: t he

bi oph i ial,.in flexi . i her, th
Formact ot |1 EpenRLEtispinetob S8 0 i BB Ts B0 8L OBHER ST | Ove
it to subsitanti B iy Be MRIVEItR ifthieor RaReadietiasdeatn 100 abotsemieof sid® and to

inhibit deformation of the side ends of flexjble contai nﬁ 10, when
fl exi bl e webnb@oAbeat erchanger4Q. | Bthgs, iresprase ioierdbiscorginet 19 beiB8 eri al  and

recei ved %lgd |w1ntrh§f1% gfogﬁét‘ma-ggﬁﬁra?gla@fialg ge{al-anfﬂ%ﬁl %%y 5? Ftﬂgf.édfilll gplke containers

may be pf erre guare or rectan exi bl e Containers having
rounded gghseaitiallvpemendicslacto onewndeitl of sideevadls 6Aly Thitconfgwmiation allnvest t r ansf er

pl ates, such as heat transfer ates 40, when.r i ved i.n a..device such as
heat excHgribs congaines 0o FBBWHE@IX Gt ge‘ﬂﬁ'ifm?fﬁ%@l%%sid'ﬁ‘ A% ati o of

cont act syt 68, ARGRAL Aol on Hiter 28 thiilbiras tecelsaghs bRL RN 11 exi bl &

cont ai ner transfer plates and uneven heating or cooling of
t he bi opkepressieistalwapromote @miat bétweeh flexiblaeortainer k) prdhespassitier s may

result. Further, heating .or, cooling of he bi o I i cal erial in
such squ&resgiv: %@ﬁ&ﬂ@t& dﬁné@aebﬁl e @g%teéy%gﬁexﬂéc%%ﬁw 1Pl HERt
transfer plates 40 may act as an insulator therebetween which could inhibit or delay

cooling or heating of the biopharmaceutical material in flexible container 10.

[0049] Further, the formation of flexible container 10 using two trapezoidal portions
allows it to substantially conform to the tapered slot of interior 25 and to inhibit
deformation of the side ends of flexible container 10, when flexible container 10 is
filled with the biopharmaceutical material and received in interior 25. Tapered or
prismatic shaped flexible containers may be preferred to square or rectangular flat
flexible containers having rounded corners wherein such rounded corners may not
contact heat transfer plates, such as heat transfer plates 40, when received in a device
such as heat exchanger 20. Such rounded corners may result in a low ratio of contact
surface area to volume. Thus, less direct contact between flexible container 10 and
the heat transfer plates and uneven heating or cooling of the biopharmaceutical
material held in these flexible containers may result. Further, heating or cooling of

the biopharmaceutical material in such square or rectangular flexible containers may
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15 WO 03/ 037083 PCT/ US02/ 35137 be less efficient than flexible container
10 due to the greater contact of flexible container 10 with heat transfer
pl at es 40wO09pm@sioBs cal | y, pockets of air between a bag andPagatsor/sassf er
plates result in less efficient heat transfer since such heat transfer is
done by natural convection instead of conduction. The heat transfer plates
must cool or heat the air which then cools or heats the bag and

bi opharmaceutical material as opposed to the heat transfer plates directly
cool i ng thechaghseg: &Qn?ﬂ@klﬁl%f‘t%hfﬁ?ﬁe?%'dﬁ@{o théfgie%fe'r @J)ntﬁ&fyf@!ﬁ%ﬂe therein. It
is thus desirable for the bag to be in direct contact wt t he heat
transfer gingieg l0ovigr baﬁbtrensfmldaltcs #& eSpaedicatly,q:mk@s of gihbetiweesa bag e

efficient hIS case than cagnvecti.v t ansf er f the air, bag, and
bi ophar & ac“é]{heiatéﬁns ?ag?g 5P ““3 e%%‘l‘“erﬁthﬁ%%? ?lp‘é%S"(‘f g?ﬁngﬁebl Scont ai ner
10 to conddheByltirilecohadtiofdnst&dduf c@ﬁducﬂé@rmé heb? trRASIES18Ss MusttogpNduct i ve
heat transfer. [0050] In an alternate enbodi nent and as shown in FIG 4,

one or botthest the airevhigh then gools of herisithe é&m%@@phmamw@lemm@abl e.
Speci f th
Spect {1 cobltncd et Rty TP GR oob BE A, 0 B LA ROt e

wal I's 60 mhﬂeﬁmlscohtam@dhhaeﬁp Mt ﬁﬁhﬁdeﬁbﬂaﬁl@fdﬂ@h&wglb%&Sﬁdlrec-fhﬁnta@t&ﬁﬂf essing
pronotes contact of flexible container 10 with _heat transfer_ pl ates 40

whi | e i nhifBieatignaisyplsjes s Pemals sendipéw hsat igmsfers Waigh iy wositieipdr 10 and
heat tr f force the

bi ophar m@%u%?%&%ﬁkﬁﬁegg}%ﬁ&gr fﬁjadflt%l a&ﬁ:ﬁggl ;Hl? @%@1%&8{3%%%' ner 10 to
occupy anwatedalds Fhehewethe fhen\ettmntaf ilesn‘o@rcoptaateesl 04@carfdroh kethie dperedont ai ner

10. For S sure_nay, cau the bi ophar maceutical material to
occupy su%ﬁtr%ld?tﬂgo’gg]ﬁ‘g g b GFdHELVe afttﬁ%l feapered sl ot shape of
interior 25. Alternatively, side walls 60 may be fixed, whereas heat
transfer plates 40 nay be noveabl e towards or away from one another. Al Sso,

the r eq[ﬂﬂﬁelﬂn@@mbﬁemﬁq @nbcmhlgnebfeand@h slwedlntEIGo A eonsfordiotheoigadd walB®Oand/ or

byt hose dier] SETRIEEL pRAAYTR Bl BoHFRY: Sof B halvesibea o o

parti cul arommsmamys]frdhﬁloﬂé bﬂ@hérdoe@\ﬂ@n&ié@ttthﬁi&fer pracbsm@l Athie\tBoabilipeat transfer
pl ates 40 via pins, notch grooves in heat transfer plates 40 or

bot t om si @R BEYF O sige V@Jéé ﬁQﬁB@WS Pgxriblsjcgatainsr [1Q tesbe wr6$seﬁe?£be transfer

compressing promotes contact of flexible container 10 with heat transfer plates 40

while inhibiting any space or clearance between flexible container 10 and heat
transfer plates 40. Specifically, such compression may force the biopharmaceutical
material or other liquid in flexible container 10 to occupy any voids between heat
transfer plates 40 and flexible container 10. For example, such pressure may cause
the biopharmaceutical material to occupy such voids or be forced up due to the
tapered slot shape of interior 25. Alternatively, side walls 60 may be fixed, whereas
heat transfer plates 40 may be moveable towards or away from one another. Also, the
required compression may be achieved by one of side walls 60 and/or one of heat
transfer plates 40 being moveable. Also, it will be understood by those skilled in the
art that side walls 60 may be maintained at particular positions relative to one another
and relative to heat transfer plates 40 via pins, notches, or grooves in heat transfer
plates 40 or bottom side 50 of heat exchanger 20. Side walls 60 and/or heat transfer
plates 40 may be moveably, fixedly, and/or releasably attached to each other and/or
bottom wall 50. Further, the ability of side walls 60 and/or heat transfer plates 40 to

move could facilitate removal of flexible container 10 received therein. For example,
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pl ates 40 may be noveably, fixedly, and/or releasably attached to each
other and/or bottomwall 50. Further, the ability of side walls 60 and/or
heat trameDaes/ioploat es 40 to nove could facilitate renoval pofi/tfSomsiibt e
container 10 received therein. For exanple, 16 WD 03/037083 PCT/ US02/ 35137
by retracting walls 60 and/or plates 40 renoval of frozen bi opharmaceuti cal
material held in heat exchanger 20 nay be facilitated. Also, it wll also
be understood by those skilled in the art that side walls 60 and/ or bottom
50 coul d @Jrge adiie 3R 6B n/Br R | QremBOMlok ﬁaz@m%ﬁﬁarﬂﬁaédtfagl rhaelfléuem bl e

cont ai ner via circulation heat transter fluids in coils therein or

ot her nedrid 1nd$am)dchartmr 26 dmwslie(fa;dhta;edt Adsg itsikilll dlsecbe undetstocdrtty. those

noat 17 g reitBa it Ak oo BD Qb Trar et Fimick e 7

prismati Cco%ﬁﬁ’%ﬁmcﬁ&%ﬁh Reth ABGNIE cohiineLXRIR cReulhiittbofHcaiRhdsAG RANRNACT
bet ween fl exible container 10 and heat transfer plates 40. Mreover, the

shape of ooilséewin bsother m&nsmwﬂllmmdetswdbdﬁhﬁﬂ illgdén fheeati-bl e cont ai ners

of other sh essed si de heat transfer
Ol atenad AT E ST ESRAGR 1059 e Binfis Bk vl O REARFnIE {1

exanpl e, tgdndfeRpRES 49t} cadke AbtiBlervdained 0o ﬂonﬁswprﬁmamhhapb FIG 3,

flexi ble container 10 may include an inlet port 200 tq  allow

bi ophar netseritied aboveafarexample 81%‘@rqm@t@q&@atapmeéw%ﬂwbléwp@ﬁmehbQ shown) of
flexible t

i ncl ude aa%(agltg%l %%fe}gla%%) 91%"2‘%2% ep%w{?u E%%?ﬁ?%&g to fI eX| bl e
cont ai neroffléxible fibnible comajnebeofmherahtyed when lcminptes@dr tA1R2Q)Gidesvally 68 f i | tt i ng

pl aced within the in|et it s those described.in U

Pat ent NGnder hag tgaster pi S4bé’8 l?ecégf’g%"f?ﬂym% plcondpelfyits dpaleriah ner e| n by
ref erenceg,, ggpaynﬂ@ Smgssfs%l bhgusepecti on of such tubes. Also, fittings
whi ch can maintain the sterility of the contents of the container or bag

may preferably be used. The flttlngs may be configured in different

shapes, S. Strai i il a n i1t i ng ninety
(90) - dedPOBTRE oaert el oy BBk oRRep o FG05 et M AP Ba 280 ' TS, " ot

shown) t oalfoi} 6i6 dﬁha@'ﬂﬁcéﬂu@ﬂhﬁzﬁtﬁ’ﬁ&l@w b@ﬁhberteﬂﬁlﬁt@ I’the’ﬂnterﬁk exdtBhews)dtt ai ner 10 nay
al so be enptied by turning flexible container upsi de .down and al | owi ng

t he cont effgxéble gongpiapnl0 mdie beafempﬁ‘i’ddthéﬁeﬁ@@mlnlﬁf 1@‘1”1fél2 g inglygsea
conduit or tube, for example, which may be integral to flexible container 10 or which

may be connected to inlet port 200 using a fitting placed within the inlet port. Fittings
such as those described in U.S. Patent No. 6,186,932, the specification of which is
incorporated herein by reference, may be used for the connection of such tubes. Also,
fittings which can maintain the sterility of the contents of the container or bag may
preferably be used. The fittings may be configured in different shapes, such as
straight fittings and/or angled fittings including ninety (90) degree elbows, if desired.
Inlet port 200 may include a filter (not shown) to filter any biopharmaceutical
material. Flexible container 10 may also be emptied by turning flexible container 10
upside down and allowing the contents to drain. Also, a rigid or semi rigid holder (not
shown) may be attached to flexible container 10 to facilitate carrying and/or storage

of flexible container 10.

[0052] Moreover, although the container is described herein as a flexible container or
bag, the container may be made of a semi-rigid material. Such material may be used

to construct a container which is shaped to conform to the interior of heat
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shown) may be attached to flexible container 10 to facilitate carrying

and/ or storage of flexible container 10. [0052] Moreover, although the
cont ai nerwp3@e®8s i bed herein as a flexible container or PoagiSot/bma3?

contai ner may be made of a sem-rigid material. Such material nmay be used
to construct a container which is shaped to conformto the interior of heat
17 WO 03/037083 PCT/ US02/ 35137 exchanger 20. Preferably, the container
whet her forned of a flexible or sem-rigid material, includes surfaces

whi ch co i [l [ f e o.t.hat there is
di rect c%%?%:“lg%&' V\I/;e%ﬁer%@% t@%%‘%@%g%o‘?hﬁ%eé? (grg%eldr?)%% go\jvg ﬁégep@ 3%%%5)

sur f aces mdtetiglgincdedwnfiess whichkonthttehOutedior suiffoac efa héatehehatgatzai ner
cont ai ni ng _ bi opharmaceutical material s, kSOSS After the biopharnmaceuti cal

mat er i al SPdhatikeze direchcontach belavear fhreoplstordieatsd| B dfhavdpg Pragesnper at ur e
ot herw se[oul 2hegd ekahefngéﬁd)éigi t‘ﬁ? BhRt %Ffacésooftﬂe @orﬁﬁ%%%df@ﬁg control
changer , Tlexi may

uni t, such as heat ex e cont al ner e renoved
t her ef r orhiepidrmadeatieed matereald.r eezer for storage or the bi opharmaceuti cal
material may be renmoved fromflexible container 10 and utilized. [0054] In

a further enbodi nent of the present invention, a heat exchanger 400 may

i ncl ude i : L M4 Lt Qs i f r iNHNg a
R (e O R S SR SO U
mat er i al ,ordis telepiratiedbtherwisel i€guléted Bafbxiblecentainey 10 it ®tengrergaretdooinold 10 may

include a plurali of nove | s 430 _for conpressi f.lexible

cont ai ne oSt RSP s Q8 RIS T SHoa G TGS IEOHCHRER P
transfer ARHESa 486sck %1 ﬁ&ﬁ%@ &l thB BicdhiaRalRhUhSedhl thheké Rinfoveant ai ner 10
and therefore the contents thereof. Heat exchanger 400 is coupled to a

t enper at uran flexipld confamgerdfiand atifiz¢dor regul ating tenperatures of plates 460
wherein tenperature regulating unit 440 is controlled by a controller 450,
programuabl e by a user. [0055] A typical process of preserving

bi ophar Me084}Incaarth@tegibodimérs off @Ciredeatinasntiohod hewvexcHanger 400 may

bi opharmaceutical naterial is .inserted through port 200 into flexible

cont ai nerinalgde Fplwaliy ef respiviigateripppordions Y Presseivi g plulifegk exchanger

20, as_Shle bbhtihGo ddapfed 18 cBfMinbiopthihRchiithl RaARNRI ARSI GaI contents
are cool ed and trozen

FIG. 6. Each receiving interior portion 410 may include a plurality of moveable walls

430 for compressing flexible container 10. Heat exchanger 400 also may include one

or more heat transfer plates 460 for regulating a temperature of flexible container 10

and therefore the contents thereof. Heat exchanger 400 is coupled to a temperature

regulating unit 440 for regulating temperatures of plates 460 wherein temperature

regulating unit 440 is controlled by a controller 450, programmable by a user.

[0055] A typical process of preserving biopharmaceutical material is described as
follows. Liquid biopharmaceutical material is inserted through port 200 into flexible
container 10. Flexible container 10 is then inserted into heat exchanger 20, as shown
in FIGS. 1, 2, 4 and 5, where the biopharmaceutical contents are cooled and frozen
(e.g., at a sub-zero temperature) in a controlled manner such that the freeze rate is
controlled within upper and lower limits, as described in U.S. Patent Application
09/905,488 for example, to prevent or inhibit cryoconcentration of the
biopharmaceutical material, thereby preventing undesirable degradation of the
biopharmaceutical material. Alternatively, flexible container 10 may be inserted into

heat exchanger 20 before the biopharmaceutical material is inserted into flexible
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(e.g., at a sub-zero tenperature) in a controlled manner such that the
freeze rate is controlled within upper and lower |imts, as described in

U. S. Pat ewD odpploszati on 09/ 905,488 for exanple, to prevemrCTarso2/stiBdbi t
cryoconcentration of the biopharmaceutical material, thereby preventing
undesi rabl e degradation of the biopharmaceutical material. Alternatively,
fl exi ble container 10 may be inserted into heat exchanger 20 before the

bi opharnmaceutical nmaterial is inserted into flexible 18 WD 03/037083

PCT/ US02/ 0 L pen.: . EolalplcTe i terjial in
flexible cggt:\a%efrllg'r RE%{ ?lé% bf1 é@%ﬁéée%#lf%)?ﬁ%g?contﬁg@%g?ﬁ 1%1%%@?%%62; g’rmved from
heat excHbnijde c@fiaiaerd Opinay belranmovaed|famgbeat Exdwagar 20fand ptacadipl ®large wal k- i n
freezer ving.an interior_air.tenperature of. ahout negative 20EC or

| ower , ag?qe%ert §picxarply> Hvaleiisere Ry PAOIBETREAT [SPRSTETES 2pdnt s or

| arge. Medjefatyd HA SHbERSs syBicall PARRL: B fHarmd B QRORICBE BihlsGA!
mat eri al y be renoved fromthe K-1n freezer and insert In a

t enper at Uarge anaticabinstitotivpns &urhhaapitalkle athedxahamgecu?d] ntateriaéniapdaed, when it

is desired to utilize or fuyrther process.the biophar eutical material.
It witl BEmpyed e G uasn i, R HGEEeg i § FEUSTRTE e gty sien &5

modi fi catyedsiRYEeP20, THBE thvddNFhePRGE ddsFeLIANMIZE Dr AREIRF bRREsshRE €I n and the
steps for performng the nethod for preserving the biopharnaceuti cal

mat er i al .biofflaosajeuii¢a mat¢rial witiwillde furibesrgtersigod by dhmse skilled éuvthenrtt he art

that the fl exi t ai i bed -her el dapt ed i
vessel s. e e bR T er s e en R 3 W nanger s of
vari ous skpResr Rifosi#ARShe MRkhodfenPleervingend bisptidbhmaceutioataataedls coul d be

formed in triangular, conical, cylindrical, pyramdal frustumor coni cal
frustum shapes. Further, the tenperature control units, e.g., heat

exehangghosefalsnY yiod QTEILEANSKIRAGE 1R LRBl hOREBI: HRRlANS shapes

whi ch O recei ve contai néers or e cont al ners of
vari ous sheaptisddierein mag be Algned feenpeinatayseds, caithineds, temptmtwd codrolous types

may be utilized in addition to heat _exchanger 20. For. exanpl e, bl ast
freezi ng R /g degt exrhaneges Q%tVF‘YIP‘i%%‘aPﬁ € SHET ortqn%mp](eeﬁﬁgfegf fe of the

content s offl Xt RI@LERPERE S ErBngHGR c88ichl @}an@ﬁ@e}glfﬁﬁﬁﬁidb@ Frudfim or

Additionally, cryogenic fluid may be sprayed on exi bl e contai ner 10 for

cool i ng aonicabfrmstimshapesayutthers hedgreperatuer @otrof writshe gt, hegf exbleangerf .

Mor eover ’20t, pn%y & Torme ttg "have interior portions of various shapes which may be adapted
to receive containers or flexible containers of various shapes or sizes. Also,
temperature control units of various types may be utilized in addition to heat
exchanger 20. For example, blast freezing units might also be utilized to control the
temperature of the contents of flexible containers such as flexible container 10.
Additionally, cryogenic fluid may be sprayed on flexible container 10 for cooling or
warm fluid may be sprayed thereon for heating thereof. Moreover, the temperature
control units may be of various shapes or sizes to accommodate containers or flexible
containers of various shapes or sizes. The temperature control unit could also be
adapted to heat and/or cool interior portions thereof to various temperatures. Also,
the temperature control units could include any number of movable walls to compress
flexible containers held therein. Furthermore, these flexible containers, containers,

temperature control units, blast freezing units, and/or heat exchangers may be adapted

for utilization with materials other than biopharmaceutical materials.
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control units may be of various shapes or sizes to accommobdate containers
or flexible containers of various shapes or sizes. The tenperature control
uni t coulwoaB®s7oBe® adapted to heat and/or cool interior pomttisonssiBher eof
to various tenperatures. Also, the tenperature control units could include
any nunber of novable walls to conpress flexible containers held therein.
Furthernore, these flexible containers, containers, tenperature control
units, blast freezing units, and/ or heat exchangers may be adapted for

utilizat I &Rdn l; 19 WO
oL b BRI B e LS BRI R als 19 1€
have beemmbhmelemtmmbdemmremwthone slatlad in therebdvant art thai vdridne apparent to
t hose sk|II n t he rel evant.art t variou di f.] Lons, additions,
Subst ¢ urPofiles b Bt it pe AR PGt AFRGE he spi v
of the i rﬁ‘&ﬁ&h@@lﬁt”tﬁ‘tﬁé"i%%@ntﬁfn%ﬁhﬁés@fa%tﬁe&ﬂiﬁ bolRiRed 0 pRyiviih fen the scope
of the invention as defined in the following clains. 20 WD 03/037083

PCT/ US02/s86137f thelinvientson as, defingy it mnfolbowihg eleimng, t hawi ng, and storing a
bi opharmaceutical material, said systemconprising: a flexible container
adapted to receive biopharnaceutical material therein for freezing,

thawi ng, and storing said container conprising a first substantially
trapezoidal portion attached to a second substantially trapezoi dal
portion. 2. The systemof claim1 further conprising a tenperature control
unit, and wherein said container is configured to conformto a shape of an
interior of said tenperature control unit in response to said container
bei ng substantially filled with the biopharnmaceutical material. 3. The
systemof claim2 wherein said first portion and said second portion are
connected to each other at a seam and wherein said container is adapted to
be longitudinally received in said tenperature control unit to cause said
seamto be located in a plane substantially perpendicular to at |east one
| ateral wall of said tenperature
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control unit. 4. The systemof claim1l wherein a first angle of a |lateral
side of said container relative to an indicator |ine substantially

per pendi cwbas/osmsa bottom side of said container conpri s@sTaISHL/BHBT

di rension and a second angle of a wall of a tenperature control unit
relative to a bottomof said tenperature control unit conprises a second
di mensi on, and wherein said first dinension is substantially conplinentary
to said second dinmension. 5. The systemof claim4 wherein a third angle
of a sec ‘ilm ateral side of said container relative to a second i ndicator
l'i ne subs-[%'rr.' ally parallel to said indicator line conprises a third

di mensi on and wherein said third dinension is substantially equivalent to
said first dinmensiogn. 21 WD 03/037083 PCT/USQ2/ 35137 6. The_ system of
claim 4 wher i n safdvsiemfos &eezing, thawing, apd siqeng a bipphawpasedlicit ¢ control unit
conpris : pte said first wall, a plurality of heat
transfe?ﬁgﬁﬁlﬁggﬁggy%#@gﬁvﬁ\ggl , and a fourth wall, and wherein said third
wal | and sandlekible tdntaisdrladapted tod@peive biopharmaeeutiehlahatedalttheremcior ot her to
conpress,said container ta cayse said container to.inhihit a clearance
bot ween TAIRE: SHvaTh AR siting S ConGist rargptne st SerBRislly eSyeridabe 7.
The syst@mioh afdchbiMola WRSKEsIbsRASFERIP26i08 pokiforadapt ed to conprise a
prismati'c shape in response to being substantially filled with the

bi opharmaceutical material and being received in an interior of a

tenperature controk, unit. The temof.claiml further conprisjng a

t enper at ur e c%)‘nt r oJIrheusﬁlﬁem (gfa%%{ne]dﬁ%{ﬁlef %%gpr\ysén%aaﬁpaqu@ﬁlfr icﬂ%?(,ﬁ '@tr ?Pd

t enper atwh@e@aald @ntaititr is @MRhieditd go@forakd a shaph6f &t hi&#rdfkaigst portion and
sai d second portion are connected tgo each other at a seam and wherein said

wal | coriipgisiurg cerip 88K inprespense & e3i¢ eonfainer beingrubganfiglly filledi with tent ai ner
to SUbStlﬁ%ﬂa?HaéeLﬁi%ﬂfn%tgﬁ 10 a shape of an interior of said tenperature
It. 9.

cont rol e systemof claim1l wherein said container conprises a
sterile bag adapted to contain the biopharnmaceutical nmaterial and wherein

1“2}

said bag is agapt e”ghet s%/stem of claim 2 wherein said first portion and said second portion
are connected to each other at a seam and wherein said container is adapted to be
longitudinally received in said temperature control unit to cause said seam to be located
ina plane substantially perpendicular to at least one lateral wall of said temperature

control unit.

4. The system of claim 1 wherein a first angle of a lateral side of said
container relative to an indicator line substantially perpendicular to a bottom side of
said container comprises a first dimension and a second angle of a wall of a
temperature control unit relative to a bottom of said temperature control unit comprises
a second dimension, and wherein said first dimension is substantially complimentary to

said second dimension.

5. The system of claim 4 wherein a third angle of a second lateral side of
said container relative to a second indicator line substantially parallel to said indicator
line comprises a third dimension and wherein said third dimension is substantially

equivalent to said first dimension.
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substantially conformto a shape of an interior of a tenperature control
unit. 10. The systemof claim 1l wherein said container is adapted to

cont ai n twe o3losmphar maceutical material at |east one of belcansp2sisi ng, and
after a freezing of the biopharnmaceutical material, when the

bi opharmaceutical material is received in said container. 11. The system
of claim1 wherein said container is adapted to contain the

bi opharnmaceutical naterial at |east one of before, during, and after a

t hawi ng of t bi C . cal rial j maceut i cal
material is ?gcei v@%@%@é’?&ia@gz‘n‘?’g‘%@rg sz‘ﬁalv%%gg} tgga}g%@o%@n US02/ 35137
12. The t&yipéretiv®tortiohtuit dorhpiided @secmdprdlsoppasite dathfxst @hllreplaity of uni t
adapted _to receive said container and adapted to control  a tenperature of
the bi SeaFanstesgusiecss. athird mally anghafourthevadl, aphwhergmeaid @53 Yegkandi al s
cont ai neg: 4 L j i I: Il I nt rol
it 13 RaRE M EORDIETS i okt B ch G ol B2l STREN SoRECLRT,

cont r ol Ichnsy saghdahtdinerpe ivdifhit £ cleanabcobetwednt sawhenéiiver sad daid phiralidyloér i s
controllable by a user. 14. A systemfor freezing, thaw ng, and storing
bi ophar MSREHATS IS”I#%ﬁ"%ri als conprising: a flexible container adapted to
recei ve a bi opharmaceutical material therein for freezing, thaw ng, and
storing, said container being forned of a first substantially flat sheet
of flexible raterike sysgemad cladgelt Whercinsail contamonis adapted de eomipysesst anti al |y
flat sheet of flexible materi.al , .S Li e..subst. ially flat when
enpty, éjélisﬁlaﬁg ﬁ]ilaéjleﬁlé rop ?HSFEEO B%lﬁ% F%bss?aﬁlgig%%ﬁluﬁé g’ll'tlﬁ(lt)i}esbdol?q%alr%ﬁc (t)lf: alr ecei vi ng
t he bi ophaen@Ecadbeimglredticdlin ah int&irdbfaaathpéramre datrbbudonfi gured to forma
t hree di nensi onal shape when filled wth the biopharmaceutical material,
said three dinensional shape having a first side and a second side

opposi te the (i1 stygl decndeandyl fubeanahahd Aesfbduil eXidligngont ai ner

t he outside of sai ntai ner eing in nicatron wth said
i nt er i oradppied korecwiva sadiconteimad waitl terapetatard eompel atitcommoing ivallni t
conpris iW gere?infsidirdsfllrstsp%rrtfi&cz?ndasggd s%cgr?dc Sor}gor? grrefc%gx(laec{e%% relgch other at a seam

and wherein said wall comprises a depression to receive said seam to allow said

container to substantially conform to a shape of an interior of said temperature control

unit.

9. The system of claim 1 wherein said container comprises a sterile bag
adapted to contain the biopharmaceutical material and wherein said bag is adapted to

substantially conform to a shape of an interior of a temperature control unit.

10.  The system of claim 1 wherein said container is adapted to contain the
biopharmaceutical material at least one of before, during, and after a freezing of the
biopharmaceutical material, when the biopharmaceutical material is received in said

container.

11. The system of claim 1 wherein said container is adapted to contain the
biopharmaceutical material at least one of before, during, and after a thawing of the
biopharmaceutical material, when the biopharmaceutical material is received in said

container.
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said first surface, wherein at |east one of said first surface and second
surface conprises a heat transfer surface, said tenperature control unit
conf i gur eaotos/osme®i ve said flexible container therein, wrerdisa2/sasd
contai ner conforns to the shape of said interior of said tenperature
control unit, when said container is filled with the biopharnaceuti cal
material, and said first side and said second side of said container
contact said first surface and said second surface of said tenperature
control unit.;,15. ) for fior [ j '

bi ophar rraceut]i2CaI ﬂr?a %%ﬁarqf,c%%llldﬁ‘syg{]%r%%%ﬁj a{kgwﬁg&{l&g%&g@%@ cont ai ner
adapt ed adapteé eeteceivd s bautaimecaid Riaptetnd esrtal a tdngpegataref afithe f r eezi ng,

t hawi ng, .and storing said _container configured to conformto a shape of an
23 WO o?ﬁ@%%agcep@q@ﬁ B@&Z?%B‘%S}?%Wi pRhagacetion maéﬁﬁiﬁ%qqmn%lﬁtwél unit, in
[ €SPONSGoh ity HRE BELaibRrtiRSoaRbI il Y Ti11ed with the =

bi opharmaceuti cal material; an erein sald tenperature control unit
conprises at |east one heat transfer surface and at | east one novabl e wall
adapted to cosnpre said c ainer.to inhihit a c|earance between said
cont ai ner and sai d- Syﬁﬁ@s"?@%ﬂ@ﬁe@ﬁﬁcé’%’éfn_gfm”fqh@?r_a@%?o“%‘? 8 st em of

cl ai m 13ahenPbianiabsht@P BhR WiRfeilr TR boERleRis doh@bl14b0 by #0serat t ached to a
second portion and wherein said first portion and said second portion
conprise at | east one of substantially trapezoidal portions, substantially
triangul ar rtio t |.al g l.ar ' . ially
paral | el epi pglg"i'c p%?ﬁt%ﬁg(?r f{:’Lés}:ug%t g%ﬁ%%@&%?”%?ﬁggﬁ &6{51%? ?uélﬁémg%g@%anti ally
sem ci r Gghiiispet ti ons and substantially parabolic portions. 17. The system
of claim 15 wherein said container is adapted to format _|east one of a
prismatic shaplexiblecontaings adapteddn sersiveatiophagppieutial arigrial thereid fonse to
said co | | | EAonPNE: BRYE bR firdGubsthiRiaySaem of claim
15 mherrefp({r?ggl fglqr%gﬁdagaﬁfég’csontrg UIFIit gg(l)a(fapt eéir tg Sregh gteal a

t enper atsheet offflekibée inbieriflgoined eegeitea by matan ivdth adeemnd dubstontigdlyaflataceut i cal

material _is tgined i.n sai d container | aid interiar of sai
t enper atShHpe C&gﬂﬂ‘ ?m@l‘ﬁiﬂgle 59 8 t(’%’f’eS Ve%%ﬂyg}a%x%h% YRS faid CORIPELIY sing a
cont r ol |k1okRg 4nQRfefi8 ddrfiéh for receiving the biopharmaceutical material;

said container being configured to form a three dimensional shape when filled

with the biopharmaceutical material, said three dimensional shape having a first side
and a second side opposite the first side;

a conduit connected to said flexible container, the outside of said container
being in fluid communication with said interior portion via said conduit; and

a temperature control unit comprising a first surface and a second surface facing
said first surface, wherein at least one of said first surface and second surface comprises
a heat transfer surface, said temperature control unit configured to receive said flexible
container therein, wherein said container conforms to the shape of said interior of said
temperature control unit, when said container is filled with the biopharmaceutical
material, and said first side and said second side of said container contact said first

surface and said second surface of said temperature control unit.

15. A system for freezing, thawing, and storing a biopharmaceutical
material, said system comprising:
a flexible container adapted to receive biopharmaceutical material therein for

freezing, thawing, and storing said container configured to conform to a shape of an
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said tenperature control unit wherein said controller is controllable by a
user. 20. A systemfor freezing, thaw ng, and storing a biopharnmaceuti cal
mat er i al ,weaBM3®WYEt em conpri sing: a contai ner adapted to PETAiSIE35137

bi opharmaceutical material therein for freezing, thawi ng, and storing said
container configured to conformto a shape of an interior of a tenperature
control unit, when said container is substantially filled with the

bi opharnmaceutical naterial; and wherein said container conprises a first

portion midrRfled RpRasRCTo Pl iPRspGRE 16 didlcddtdindr Heald JuBSafigiysai d
ise at | east one of flat substantially 24 03/ 037083

second portion conpr _ :

PCT/ USO2fildgt gith thgapplz@md@ﬁutlp@irmatm@; aifd at substantially triangul ar
portions, flat,substantially rectangular ortions, flat substantially

par al | el epi pealihgre%}%ﬁatlclmgﬂ?feraﬁrg\tco tﬁ‘ﬁ%’f‘&ﬁf’@ﬁfv aéfqaftpott]leéleﬁtot?:a(“i‘s%ﬁs, and fl at
subst ant suafacy ap@aelbadt bfic PRYALIORAIL addptedto®@iniReksisaid chh@ael fdinhitiaa ng, and
storing a biopharmaceutical A material, the method conprising: connecting a

first fleearangsshedwesnssaid confaines 2n1 saifl aplspstionn head transfecyitpoe | at

substantially trapezoidal portion to forma container adapted to contain
the biopharmaceutical material and adapted to conformto a shape of an
interior of al6tenfibe systeneofdain b whatein saPconfdisernpimpeidesof fist porioR1 f ur t her

conprising |ocating the contajner in ap. interior of_ the tenperature
contr ol %I_%’icjﬂe o %ﬂgﬂﬁ%’&%@n@l WgeTEB}ﬁ%{]%FP‘%IHO?ﬁW%‘H SG&OU‘EE‘PI@‘QPance bet ween
the cont &hﬁﬁ‘isegag@ea?jtoﬂe%@%ﬁbs@dﬁﬁaﬁﬁﬁ*ﬁp%ﬁﬂ?}?(ﬁﬁoﬁs‘ﬂ Eﬁlﬁ%ﬁtiﬁ’lﬁy ﬁﬁﬁgﬁlﬁfm?r ature

control unit. he method of claim22 further conprising causing the
cont ai neportions, isubpstardially restragiler portipns, sybstantialy ppebeepipedic pdrtiofihe nmet hod of

var | of b BbLAP: b HBR PO Set PR R AR (i iher

conpri si pigatidlid Ragénsone of freezing and thaw ng the biopharmaceuti cal
material in the container in the interior of the

17. The system of claim 15 wherein said container is adapted to form at
least one of a prismatic shape, a cylindrical shape, and a conical shape in response to

said compressing by said at least one movable wall.

18.  The system of claim 15 wherein said temperature control unit is adapted
to regulate a temperature of the biopharmaceutical material when the biopharmaceutical

material is contained in said container in said interior of said temperature control unit.

19.  The system of claim 18 further comprising a controller for controlling

said temperature control unit wherein said controller is controllable by a user.

20. A system for freezing, thawing, and storing a biopharmaceutical
material, said system comprising:

a container adapted to receive biopharmaceutical material therein for freezing,
thawing, and storing said container configured to conform to a shape of an interior of a
temperature control unit, when said container is substantially filled with the
biopharmaceutical material; and

wherein said container comprises a first portion attached to a second portion

and said first portion and said second portion comprise at least one of flat substantially
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tenperature control unit. 26. A nethod for freezing, thawi ng, and storing a
bi ophar maceutical material, the nmethod conprising: providing a container
adapt ed twoacsmsn t he bi opharmaceutical material for freexiusg3adapti ng
the container to conformto a shape of an interior of a tenperature

control unit; and 25 WD 03/ 037083 PCT/ US02/ 35137 conpressing the
cont ai ner, when the container is received in the interior of the
tenperature control unit, to inhibit a clearance between the contai ner and

t | t : : f ; it. 27.
at | easly eg?ldgl]%ﬁﬂsgﬂ?t usﬁﬁﬁérﬂfafllgcfﬁar%flﬂa& ggg%dﬁ E%Héfaﬁtlﬁl?sn#eﬁ%gﬂgf

The et ho aim 2 er conprisin ‘east one o reezing and

t hawi ng pontéor, dptsaubstasteallyi pacdlletepipedicgloriionst fig sobstandialg elliptic tphetidnsg er i or  of
the te rf%%ure C(%.nhrol it. 28. The nethod of claim 26 further

conpri sin;r[‘)Fg §UbstRptie R BRI LR by noving at |east one wall of the

tenperature control unit. 29. A nethod for freezing, thawi ng, and storing a
bi opharmaceutical material, the nmethod conprising: joining a first

subst anti al | y2F.| at Agneiked iof fitezing Bhawing: andisiiringya ophasmaeutitala second
subst antrgﬂatl I'%l &{g’at tﬁhgecgl ofS.f lexible material to forma fl exi ble container
adapt ed ' Ve %l%%hé‘?’%‘mceuti cal material therein for freezing,

thawi ng, and &dn@eétig;a firdd flat sebamRlln Gaperoidal poition tPosdcoad flaf sai d cont ai ner
for receiving the biopharnmaceutical material by the joining of the first
subst antsubstpitialfydrapsreidel nertion teyipys a containgy adgpteflite pontaa theacond

subst antyi: : . Of | isal.; r i . e di nensi onal
shape w Rk RR il ang ool 6 B bR TR BBl
bi ophar nemeeianealcomedl@nital wherein the three di mensi onal shape has a first

side and a second side opposite the first side; connecting a conduit to the

flexi b! e c_ontai ner wher_ei n t_he out si ple of_the cont ai ner isinfluid
comuni cat i om t hThd\RethBY 8F £18fm PP FirkiRR cé!ﬁxﬁriéiﬂ@lo‘éé’cﬂ%%é coBfler in an

interior of the temperature control unit and compressing the container to inhibit a
clearance between the container and at least one heat transfer surface of the temperature

control unit.

23. The method of claim 22 further comprising causing the container to

form a prismatic shape by the compressing.

24.  The method of claim 23 further comprising causing the compressing by

moving at least one wall of the temperature control unit.

25.  The method of claim 21 further comprising at least one of freezing and
thawing the biopharmaceutical material in the container in the interior of the

temperature control unit.

26. A method for freezing, thawing, and storing a biopharmaceutical
material, the method comprising:

providing a container adapted to contain the biopharmaceutical material for
freezing;

adapting the container to conform to a shape of an interior of a temperature

control unit; and
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receiving the container in a tenperature control unit having a first
surface and a second surface facing the first surface, conform ng the shape
of the cowoDaBernsto an interior of the tenperature contr @CTursot/351and
contacting the first surface and the second surface of the tenperature
control unit with the first side and the second side of the container,
wherein at | east one of the first surface and the second surface conprises
a heat transfer surface. 26

compressing the container, when the container is received in the interior of the
temperature control unit, to inhibit a clearance between the container and at least one

heat transfer surface of the temperature control unit.

27.  The method of claim 26 further comprising at least one of freezing and
thawing the biopharmaceutical material in the container in the interior of the

temperature control unit.

28. The method of claim 26 further comprising causing the compressing by

moving at least one wall of the temperature control unit.

209. A method for freezing, thawing, and storing a biopharmaceutical
material, the method comprising:

joining a first substantially flat sheet of flexible material by a seam with a
second substantially flat sheet of flexible material to form a flexible container adapted
to receive a biopharmaceutical material therein for freezing, thawing, and storing;

fully enclosing an interior portion of said container for receiving the
biopharmaceutical material by the joining of the first substantially flat sheet of flexible
material with the second substantially flat sheet of flexible material;

forming a three dimensional shape with the container by filling the container
with the biopharmaceutical material wherein the three dimensional shape has a first
side and a second side opposite the first side;

' connecting a conduit to the flexible container wherein the outside of the

container is in fluid communication with the interior portion via the conduit; and

receiving the container in a temperature control unit having a first surface and a
second surface facing the first surface, conforming the shape of the container to an
interior of the temperature control unit, and contacting the first surface and the second
surface of the temperature control unit with the first side and the second side of the
container, wherein at least one of the first surface and the second surface comprises a

heat transfer surface.
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