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TECHNI CAL FI ELD [0002] This invention relates, in general, to

bi ophar {TBSQKSTEdVISTANDiMETH(D]BFORtFREEZIN&SS’E(DRENﬁ AND and nore
particularly t sﬁfﬁ@c mflm5 AR zing, storing,
and t haw ng of fi;)l:'i)aﬁp ar ITB.?%UU cal mat eranVgTI@l%%%( A’IHNEE%{%%'IEP[OOOS]

Preservation of biopharmaceutical materials is inportant in the

manuf act ure, st orgASSS-RAUIERANCISEOREPAIENAPPIIGATIONS exanpl e,

bi opharmaceutical™ materials are often preserved by freezing between

pr ocessi ng steps and during _storage. Simlarly, biophar rr&‘grguti cal

mat er i all8081k ofhis@ppliession chaimp AEOEW Lroep BrY- dtafgh 2P WAL Ahnuf act ur i ng

| ocat | ongy 300k 54455 Giibd KepBhEEY 020 ul T LipRAIBEAATAMY] cal mat er] al
often involves plrdcirg a contarner’ cont ai ni ng 1 quid biopharnmaceuti cal

mat eri al Applidatt@bNoes0/33462% filed Ndvesatbef £ 20ér or wal k-in freezer and

all ow ng the biopharnmaceutical nmaterial to freeze. Specifically, the
container is often placed on a shelf in the cabinet freezer, chest freezer
or wal k-in freezer and the blﬁa‘@ﬁghﬁﬂb material is allowed to freeze.
These containers may be stai = | s, plastic bottles or
carboys, or plastic bags. They are typically filled with a specified

vol une t[00@2] ow f OFhif mventiogretates, inggeperak ito hiopharmasewtical malstialsr ed into t he

freezers at tenperatuyes,typicall i f ti
Cel st us Tegenean o hd gy SutSan sloRe P luah LR S Gt ag, oo
PCT/ US200.24 3848 FreeRR205brid® 200 Siiinenebf bicpleminataticalimavails.abl e space inside

the freezer, containers are placed al ongsi de one anot her and sonetines are
stacked into an array with varied

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
bags. 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 2e@0137@ent ai ner to the surrounding cold air pcani$2eham3zzsent 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 contai ners woul d be coqled nore rapidly than those further
away frdARPPBRE cool Tognsseretbeicaheest agqﬂ(ab@tsgaceammflﬁ qffﬁeéﬁrr BNtYRCBhe array.

[ 0006] 'ap%grama ahn%sg&a ﬁ%eeﬂl;o it BELIRM R Pl diRl $nt6 QR Hih vafle@ freezer

creates gr rom contal ner to container. reezing rate
and pr ocpatial regiarityy Undenthdspemditions, tcbelng;d)ﬂthb biophanecettcalsohgpace bet ween
the containers,. and air ment mthefrg r. This results in a

di f f er erfocys@f fifferentsatss 9"368& ing 08 thesrrpastie b pachipatamshiniifier s dependi ng on
their | OS%.%*IR(? % Rofd dif’ Qﬁ‘@ﬁfe’ex{e% tPNRRR it c&‘{tﬁﬁer ik Qﬁel&%@ bgfnmgﬂbéﬁ 1y ent

cont ai ners ndi vi dual portions of a single batch i ophar maceuti cal
mat er i alconmjmarauErﬂaXramfp@reqmtamempﬂatcsd tlose fodhe pmimg@buxm@rmomhech due to

di fferent mal hi es res mfreezi |tiple

cont ai ne” Sflﬁaee‘e{zaé’rarr%’ﬁciog ré?ﬁvo? ﬁ%leéffif’r%aaé’lcﬁrﬁ%ﬂgt@%%ﬁ%% haphazard
and r andgyly R eEcHABSEEIME RE®oOTitualel at fhieifteriar 6fan@arrdf. freezing times is
that certain containers my freeze so slowy that the target solute can no

| onger be captured within the ice phase, but remains in a progressively

smal | er nllé)'gg d phage gelngl% ?g&g&ﬂ%%@ﬂ (ﬁ hfifle cOftalfrAR a freezer

"cyroco atl on. such cyroconcentration could result in
preci pi t @tdtesthefmal peadidito fbar container tcadntgined itic, fretehmg rartesudl piodgeti N pr oduct
| oss. [0007][ Di sposahl e cont ai ners uch as Iastr or other flexible

cont ai nefuglitygther fepgnd ondhe gepel Tesadi ‘i’?é1 BRACE %fs*"eS’F‘ Eﬁ"&ﬁ%&? ¥euti cal
material ;, d&ﬁéﬂt%’r‘*}ﬁrﬂéézelt Mhis NQUIWTR b Idi FerEfRAO S0 RisRry Ehrandbiamias srceut i cal

material's ing freezing could generate excessive pressure in an over
filled btgcomtainarsalependieg ontheirdotatida dn b rﬁtqued, fondxamipie.ndlsohthe blanOfrat erial,

possi bly adi ng .t.o ruypt.ur rdamae inte

Nor eoverd%fglﬁﬁa?‘gﬁ@m?ﬁs%&f? IViffuah,B R%tldté géwgﬁarg?c%qtuﬁgl“ ¢ bags,
during freeahinNgay EQQ%%re&rregur@m&@eﬁi@fslo@ﬂleog‘anferte&ﬁ duens diffeesrs of t en
result in darrage thereof, due, for exanple, to shock, abrasion, inpact, or

ot her i Sbramead Ilmsrﬁ‘grl@\remlfsng fipmdtasging imaToNinle contaiset Brazen pattisulady it e

protecti s s%raé[eha?ra?lg ent'ls Hap%azazrd 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 precipitation of the

biopharmaceutical product, thus resulting in product loss.

[0007] Disposable containers such as plastic bags 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 bags,
during freezing, thawing, or transportation of these containers often result in damage
thereof, due, for example, to shock, abrasion, impact, or other mishandling events

arising from operator errors or inadequate protection of the bags in use.



WO 2003/ 037082 PCT/ US2002/ 035135 [0008] Thus, there is a need for systens
and nethods for freezing, storing, and thaw ng of bi opharnaceuti cal

mat er i al swohae3/ar@2control | ed, do not result in | oss of PChruspévanasseut i cal
material, but instead create conditions conducive to preserving the

bi opharmaceutical material in a uniform repeatable fashion in a protected
envi ronnent. SUMMARY OF THE | NVENTI ON [ 0009] The present invention
provides, in a first aspect, a container for freezing, storing and thaw ng
a bi ophapgB8pUt i Calhy¥BiiRfd i8lne¥iid RBydtend AfBhvbielor fredzing rstoiigf &id _
supporting and protecflng_sald contai ner. The container_includes a nmateri al
adapt ed thawingof biaphatveadsiriesth snataiietathatess contiolled.ado nohseseltan fass of r eezi ng,
storing .an t hawi.ng .in Lol froze . i i ncl udes
11 angc oerreaciiie et dnSg CURE QT EhE ool LERBBIARE | T

cont ai nefjophhrhheutivflpsttridliabRnifhe) kejjeatbbte fastdsein a prowerdd on provides, in a
second aspect, a systemfor freezing, storing and thaw ng a

bi ophar nev&gemelt nat eri al which includes a container and a frame. The
container is adapted to receive the biopharmaceutical material therein and
the container includes a flange. The frame is adapted to receive the
container and is engagabggWAtRYﬁgiﬂsﬁm$qubﬁ The present invention
provides, in a third asp ) ing, storing and thawi ng a
bi ophar maceuti cal material. The method incl udes Providlng a contai ner
adapt ed [0908bnt ai nTheprepins prvsntiercrgyides in AR @FRICL BEONNSERIng, st ori ng

and t hawin and .posi t i.0ni .nef LN : ting and
oot ect | TR Ate0GRE A HRVRER bsphGRRL SIS mp iR, WhRRS FRENaHEREE | 19,
fourth agpeefor sapportihgand protectihg et Bontaintn r'Thegcontedndr ieindey aanaterial

bi ophar maceuti cal material_ which jncludes contajiner adapted.to receive
the bi opﬁh@pﬁ@éé@mqeb@|th@r’ﬁl@@h@f&}awtﬁ@ﬁlépﬁe%rtﬁ?rF’@efET Jﬁs‘?ﬂ%%» 6@155 aadg  t hawi ng.

The cont al.gl; ibSisRHRRLED h e LR e dByshaPaich.ARPRBRAsd QnedRRELS N0 the

cont ai ner 3/ 03513
the support frame for supporting the flexible container in the support frame.

[0010] The present invention provides, in a second aspect, a system for
freezing, storing and thawing a biopharmaceutical material which includes a container
and a frame. The container is adapted to receive the biopharmaceutical material
therein and the container includes a flange. The frame is adapted to receive the

container and is engagable with the flange.

[0011] The present invention provides, in a third aspect, a method for
freezing, storing and thawing a biopharmaceutical material. The method includes
providing a container adapted to contain the biopharmaceutical material for freezing,
storing and thawing, and positioning the container in a frame for supporting and

protecting the container.

[0012] The present invention provides, in a fourth aspect, a system for
freezing, storing and thawing a biopharmaceutical material which includes a container
adapted to receive the biopharmaceutical material therein for freezing, storing and
thawing. The container is adapted to receive a support member for supporting the

container.



[0013] The present invention provides, in a fifth aspect, a method for
freezing, storing and thawi ng a biopharmaceutical material. The method

i ncl udes Wwoaweadisng2a contai ner adapted to contain the pCoisasozmesiasi cal
material for freezing, storing and thaw ng and connecting a sleeve of the
container to a support nenber. [0014] The present invention provides, in a
sixth aspect, a systemfor freezing, storing and thaw ng a

bi ophar maceutical naterial which includes a container adapted to receive
bi ophar @3t i cal MRUREA intéiRioR pFovidds, fnf£efh Agheat d nithsicfatiadzitid)aw ng.
The container is configured to conformto the shape of an interior of a

t enper attoriag a0d thavihg aiaphapasauticabmaistiehThe anﬂgoilﬂl%}k‘@%ﬁrﬁr?‘&fhnﬁ Filled with

t he bi opharmaceut i cal teri . r l.ye structure
adapt cdPaePELa e ofBT e Rlop AR rBRENG: BB LBEBERT 2\ es.
I'n a Se‘f@dﬁiﬂ%@ﬁ@@@ﬁnecﬁn§a/§lb&fﬁ_5f@ﬁe contgst it g susgost magband t hawi ng a
bi opharmaceutical material which includes a flexible container adapted to
contain the biopharmaceutical material. The flexible container is adapted
to subsgiap! | Y CcfRésent ventfoneeviads, i 4 sikSitashet.er systenofor fretzinger at ur e
control " unit and is adapted to substantially conformto a sgcond interior
of a tst stoaipg aﬁéi@fmg a][bmbeqmaq@éﬁq@l wteniel whicgirgludes groovtaings adanedy e ght h
aspect, a_net i . I i J ceuti cal
mat er i al® W%’ﬁ%ﬂ%&%{t}ﬂ%cs? hg?%\ﬁ%r%h&aéng?) éﬁ%@ﬁg%ﬁgg?o nsg(fl@ggg%% to contain
t het bi Om@rcﬁﬁ&ﬁié;r is@nfigaiedrid abnfban td the eipegfandntedanifiagampergturdie steril e
container to conformto a shape of an | rior of a tenperature control
uni t. [ GOBFPLurHe WHER SRS ROTFHRE AT § ?Fa’bﬁl%i)ﬁnfégﬁéiwﬁﬂhﬁ’ﬁ bh‘?H&F?ﬁ'B%?gﬁté , a system
for stor)ng.3 mﬁ/&ﬁﬂ@gﬁ%%%yta?ﬁ%cﬁ%rsﬁﬁétﬁﬂe A 1d RetivEaR @nfalixi bl e
contai ner configured to“contain the biopharmaceutical material for
freezing wherein the flexible container further includes neans for
engagi NGa} at |lgas Qb it 852t SeveRiit UWvkieddr @ storage
vessel ﬂgpﬁétpportﬁgeg&?%ggﬂge?ﬂ nlpgméoéls?arlyng?% [0%%80]@ Tf%’tgtep?grsent inve%ti on
Elr 8\6 |h gesfreelzﬁhtg;\stblﬁﬂg hrgchﬂ]!awfngabioﬁl}asmafnugioal rhatesidiwigeh ingluded mflexiblg t hawi ng
rmaceuti ca eri al, i.ch_ includes.a flexih]e.container, 4 WO
2003/ 03 798RS RAUOH XY 815 bl%ﬁ‘aﬁffcﬁm%ﬁ'ﬂi”aéer{%nﬁéer %‘fﬂ?‘% °81gt%mer1% unit. The

: g \ ! (ro
flexi bl & 500k 8 RfstanBafy 86 to% HBEEbILLifst interior of a temperature control

unit and is adapted to substantially conform to a second interior of a storage vessel.

[0o016] - The present invention provides, in a eighth aspect, a method for

freezing, storing and thawing a biopharmaceutical material which includes providing
a sterile container adapted to contain the biopharmaceutical material for freezing and
configuring the sterile container to conform to a shape of an interior of a temperature

control unit.

[0017] The present invention provides, in a ninth aspect, a system for storing a
biopharmaceutical material which includes a flexible container configured to contain
the biopharmaceutical material for freezing wherein the flexible container further
includes means for engaging with at least one of a temperature control unit and a

storage vessel for supporting the flexible container.

[0018] The present invention provides, in a tenth aspect, a system for freezing,

storing and thawing biopharmaceutical material which includes a flexible container, a



l'i qui d bi opharnmaceutical material therein for freezing, storing and

t hawi ng, wherein the container fully encloses an interior portion for

recei vi ngwoheodnisoqskar maceutical nmaterial. Al so, the comCaAIUR002i035135
configured to forma three-di nensional shape when filled with the

bi opharmaceutical naterial wherein the three dinmensional shape has a first

side and a second side opposite the |rst ide, The conduit is, connected to
the f1 oPAYS 2g: 7 IgmpETANES cofirooWRind %ﬂtﬂéﬁo ogtaines és adgpled iy EceiVE ape i n

fluid ngq:ﬂt'ﬂ"bﬁ)% har ceﬁMcIahmta{éFlaf AR i;%f'r ﬁ%gilh% (l}?bfr}aiiggangﬁ%vgﬂgqyﬁére nhe

t enper at unit 1ncludes a first econd surface
faci ng tthecéntamer ﬁl]ﬂryfemcbsesédnsmermhportlemﬁa*rradzawiag &wrhiolﬂiarmanduticail s confi gured

to receive the er bIe cont.ain th the container. is filled

W e Eetinh Al bt pouSnen i O el biot s HEE dursBREL RS PR ne. Shage of
the i ntiﬁ'[é@%tﬁ’fhéﬁ]@pﬁa?ﬁﬁ@éuﬁ&dl h?at&%Wlﬁkelﬁ' ﬂietthﬁae‘éhﬁq&%lcfnlaf SapShales and the
second side of the °“container contact the first surface and the second

sur f ace farst $1deamdammoad side opposite dhe finghside. Wheeondhi icemnedtedio the

bst ant filled t fi t d/
Second cliBtlt bierf ooy I BRI BRI Rithr 8 be AR sBhmyplafioh, Lot ar "
sur f ace. WﬁRE}l:eﬁn%SQﬁbﬁBh% {BF cdrdmi DA NESerh QB &nirbhenis iHo] Rles a MRttt er whi ch

is regarded as the invention is E]%rtl cularly pointed out and distinctly
cl ai med sunfa@mnd:a sgoend serfagedaciegdie disionriaee. tfhk@o,stb@éqmneeaéwe@ﬁntrolThe

for egoi r&ﬁn@l 30 S]fl%\ﬁ’édi ex%'céi"vgﬁreftféflfhé‘gé’rﬁﬁg%%g?ﬁ \x}dhgf? itle% &Eﬂe??%ﬁ‘ﬂéd be

readily Fomt OW ng escrlp ron of preferred
enbodi rre\niﬂs t}teaﬁepharmmamnalumm@nmmntaimer eontampao yheghape afthags in whi ch:

[0020] FIG.1 i erspective, view fl exi bl.e contajn accordance
Wi th tH@eﬁ‘roé%ale lﬁp%rﬁ&r%wnﬁpbm?mﬁﬁhaaﬁf%w and i 56 5%015'?% of the

fl exi bl 4y @ﬁ&'c@ﬁ{acptfhe ﬂ@su&aceraﬁa%é/&féows&fafce dflie témy@at%wsdn%?ow
PCT/ US2002/ 035135 [ 0022 is a perspective view of another exanple

of a fl exiityivéhen dimt @unmzaneras smratlély ﬁﬁ@hmththmWhMaQeud@qim&tt@wh n FIG 2
being r eﬁ?el %{rsganc{)or se]::(r)riicfﬂa lirfaces of;tlﬁ %End%pa%urevc\:no}lt?olturr]l 1801 ﬁea't ?r\ér?s erI on,
p

surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The subject matter which is regarded as the invention is particularly
pointed out and distinctly claimed in the claims at the conclusion of the specification.
The foregoing and other features, and advantages of the invention will be readily
understood from the following detailed description of preferred embodiments taken in

conjunction with the accompanying drawings in which:

[0020] FIG. 1 is a perspective view of a flexible container in accordance with

the present invention;

[0021] FIG. 2 is a perspective view of the flexible container of FIG. 1

received in a frame;



[0023] FIG 4 is a perspective view of another exanple of a frame hol ding
the flexible container of FIG 2, wherein the frane includes foot nenbers;
[ 0024] FIV@0 2B0¥B7@2per spective view of a tenperature comrCraiS2emiossisecei vi ng
the frane and flexible container of FIG 2 therein. [0025] FIG 6 is a
side cross-sectional view of the tenperature control unit of FIG 5;
[ 0026] F is p pective view of the frame and the f| exi bl e contai ner
of FIG t@gzicei va Fé 3 1§ 2PeRPEELEE YIG% OF gRather exappleiof piflexibie pantaiaeis pect i ve
vi ew of T3 tai ; eivable in a
protecti %ﬂ;k?%aggeg?% a[%gg%a]hﬁlll:%t&% lls}&!dgngwgé?g%g%{#&geﬂn%wﬁﬁégﬁpI urality of the
f | exi bl eacvordaacaeith thepkesent arvestiorscei ved in protective covers of FIG 8
bei ng stacked one atop another; [0029] FIG 10 is a perspective view of the
franme and the flexible container of FIG 2 show ng a channel for receiving
drai n t ufl023]connefiGbi s atpersphetivie vaaw bf enotharrekamplerof a[fa3oldEnSthel 1 i s
per spect jve view of t lexible container f FIG 2 connected to drain
Lubi ng r BEEPgopiates of 16 o e Bt apraincipges @emil}lbﬁrﬁe 12 is a
perspective view of the frane and the flexible container of FIG 2
i ncl udi nﬁm%r‘ﬁi n tubing receivable in a_cavity between the flexible
cont ai ne t he{@p 1§ ReppestigrEew of s ool yitreestyng 31935135
[0032] F ISR SREGEJ i :a cart device for transporting one or
nore of {rﬁgeﬁ%g&}él%gl eéﬁbg}:g&g%vtrlllt%geinﬁers of FIG 2; [0033] FIG 14 is a
perspective view of the cart of FIG 13 adjacent the tenperature control
unit of 5 for I the.: r ;[ 0034]
FIG 15 socéa5 ]expl ogie(fjj'af?/lérea\c/gvi&gf&gsﬁo%ﬁééﬂagg%ﬁfﬁgénﬁngg ra'&ﬁ? Icg?g?(gltdepﬁ%go nt ai ner
for hol dFg 3i ophar naceutical nmaterials, receivable in a nodular franme, in
accordance wth the present invention; [0035] FIG 16 is a perspective view
of the flexible container of FIG 15; ‘

[0026] FIG. 7 is perspective view of the frame and the flexible container of

FIG. 2 receivable in a protective cover;

[0027] FIG. 8 is perspective view of the frame and the flexible container of

FIG. 4 receivable in a protective cover;

[0028] FIG. 9 is a perspective view of a plurality of the flexible containers and

frames received in protective covers of FIG. 8 being stacked one atop another;

[0029] FIG. 10 is a perspective view of the frame and the flexible container of
FIG. 2 showing a channel for receiving drain tubing connectable to the flexible
container;

[0030] FIG. 11 is perspective view of the flexible container of FIG. 2

connected to drain tubing receivable in the channels of FIG. 10;

[0031] FIG. 12 is a perspective view of the frame and the flexible container of
FIG. 2 including drain tubing receivable in a cavity between the flexible container and

the top of the frame;



[0036] FIG 17 is a perspective view of the flexible container of FIG 15
connected to the top handle of the frane of FIG 15; [0037] FIG 18 is a
per spect iwe 20033472 t he fl exi bl e contai ner received in Prhg/uskermesief Fl G
15; [0038] FIG 19 is a perspective view of a portion of the frane of FIG
15 illustrating a tie-down |oop of the flexible container being connected
to atie: O\gi boss_of the frame; [0039] FIG 20 is a perspective view of
yet anot!@3 nbodi Fhtl3ds Perspyciiye mlewr of dssttadenice forgranspfing§napk fr eezi ng
bi ophar npgeutd cak Rt g5d abSrRebhdidc-fCSigdri N @ clanping frame, in
accor dance V\étﬁ the present l|n\l9en%n|reon; F\[{ 0%1’0] FIG 21 is a perspective view
of the flexible container and franme of FIG 20 in an open position
depictin fl exj : i . hel Lid OFerk 1 frame; [0041]
FIG 22 gstaﬁper spgﬁ'ﬁégggkg\ﬁpg‘{tl@%@?g@?%%‘Jé%ont'al?r?tg %grg&ﬁe?r ame of FIG
20 depi ctenmpgraupicentrolnmitf FE@GhE forgrankmstnl thé M e2TFIGO3 MBS between,;
PCT/ US2002/ 035135 [0042] FIG 23 is a perspective view of yet a further
enbodi ment of a flexible container for storing and freezing
bi ophar nf0034]i cal PRHG.€i5iiahsxplodédviewtdfanbthexxdntiodimeanit aiflegibld ecei ves a
support rod, in accordance with the present invention; [0043] FIG 24 are
per spect $aAaIpsRE hejding big %‘i?ﬁb@?ﬁtma}t% . feseivalle én o mpgulagifieigy Bt capacity
f 1 exi bl e; & LG E thd D044} iFLGiokS 1S a perspective view of one of the
support ?oggﬁag%; FI% 2‘% Sée} ng roeéei ved in the sleeves of a plurality of
flexi ble containers for storing and freezing biopharmaceutical materials;
[ 0045] R 6 is r i ' 4 ex] knar of FIG 23
bei ng rLO?ealséed i nP%CPgP gi?g@t&lségclu\gg\?gfgfl%leg%llg%gﬁléagne\?m%? Eﬁlf}“rnl@r’ pr esent
invention; [0046] FIG 27 is a perspective view of the flexible container
and supp od o G i I i i s i for
t ranspor ﬁdr?g?ﬁ one o?I(fFr'Dl?elS %%e{%ﬁ%&%feg%qﬂ%ﬁg é] Sn%j %I c%giagr;leq of FIG. 15°

connected to the top handle of the frame of FIG. 15;

[0037] FIG. 18 is a perspective view of the flexible container received in the
frame of FIG. 15;

[0038] FIG. 19 is a perspective view of a portion of the frame of FIG. 15
illustrating a tie-down loop of the flexible container being connected to a tie-down

boss of the frame;

[0039] FIG. 20 is a perspective view of yet another embodiment of a flexible
container for storing and freezing biopharmaceutical materials being received in a

clamping frame, in accordance with the present invention;

[0040] FIG. 21 is a perspective view of the flexible container and frame of
FIG. 20 in an open position depicting the flexible container being positioned in the
frame;

[0041] FIG. 22 is a perspective view of the flexible container and frame of

FIG. 20 depicting a pivoting side being closed;



[0047] FIG 28 is an enlarged perspective view of a portion of FIG 27
depicting the flexible container and support rod of FIG 23 being received
in the cawD20@f03FAI8G. 27; [0048] FIG 29 is a perspecti vecriesaniiaadt her
enbodi mrent of a support rod being received in a sleeve of a flexible
contai ner and the support rod being received on support nenbers of a cart
for transporting the flexible container, in accordance w.th the present

i nvent i {#942]0049] FEGQ3 B@ fesspactivendewobyetta fyrther embogdimentiofa flexide and

fl exi bl e cont ajner .of G. .20, c I I : tal ngr; [ 0050]
FIG 31°Puages Oéé{oélpg\?ﬁ‘ﬂfgﬁgflg Qllog’\ﬁvygg‘ ld%‘ﬁfeéa# @%tfr?{élglgr‘%l Qﬁug%b@g E]@%nt ai ner  of
FI G 20 cepafrcficeifted Dsuppoitiod e acdaaice eith the MEs0 036083082

PCT/ US2002/ 035135 [0051] FIG 32 is a side elevational view of the
flexible container and franme of FIG 20 configured to drain the container;
[0052] 6643183 i s HaGOZKadipRespactefvienosherioandupgomesds fof reaeisitpt em f or
freezing, storing and thaw ng a biopharnmaceutical material, in accordance
wi t h t hdiffereatsanpaciiyflegitle eontaipess3] FIG 34 is a perspective view of
portions of a container for storing and freezing biopharnaceuti cal
materials in the formof a flexible container useable in_the system of
FIG 33[p044F to dE6elblsy pansmestive viepedsng ofthesummr|gdgobBi & péct i ve vi ew of

pi eces of.the flexihle cont F . : been wel ded;
Pooss] riae eyl tsco e Bf OBl ShPovip CoelrBly P BmBRNRL P00 27155
after iﬂeegi@gbhqﬁanﬂ@a@tﬁﬁaﬂﬁﬁter{aw%] FIG 37 is a perspective view of
anot her enbodi nent of a container for storing and freezing

bi opharnaceutical materials including a sterile, flexible container and a

ri gid hqbggs) usealyg. 26iCOpRaSLPOVISIVJT thd exible SemtbineNVRIIC. 08 bein@057] FI G
38 is a side elevational view of a storage structure useable in the system
depi ct ededaivad iGa BEeftiie covele in/dasgrdaned with BledressAt @Yo or  hol di ng

[0046] FIG. 27 is a perspective view of the flexible container and support rod

of FIG. 24 being received in a cart device for tranéporting one or more of the flexible

containers;

[0047] FIG. 28 is an enlarged perspective view of a portion of FIG. 27
depicting the flexible container and support rod of FIG. 23 being received in the cart
of FIG. 27,

[0048] FIG. 29 is a perspective view of another embodiment of a support rod

being received in a sleeve of a flexible container and the support rod being received
on support members of a cart for transporting the flexible container, in accordance

with the present invention;

[0049] FIG. 30 is a side elevational view of the frame and flexible container of

FIG. 20 configured to fill the container;

[0050] FIG. 31 is a side elevational view of the frame and flexible container of

FIG. 20 configured to drain the container;



bi opharmaceutical material; [0058] FIG 39 is an end el evati onal view of
the storage structure of FIG 38; [0059] FIG 40 is a cross-sectional view
of the stwpaga/sresacture of FIG 38; [0060] FIG 41 isPaTarse&r/A3sssi onal
view of the end elevational view of FIG 39; 9 WO 2003/ 037082

PCT/ US2002/ 035135 [0061] FIG 42 is a side elevational view of the storage

structure of FIG 38 further including a conduiit; [0062] FIG 43 is a side
el evat i dA8P1Li ew JHIG: 8 itadpre sleyationabyigwof thsniedblgspataper andshrypg gh

struct urﬁGu%@pAﬁ: drdh NEasuRd E(;Htgﬁ&i.ct ed in FIG 33 for holding a flexible
i op

cont ai ner f or "GOt ar ni ng armacéutical material; [0063] FIG 44 is a
side elevational view of the storage structure of FIG 43; [0064] FIG 45

S @ o do8pPSS- Sal 39N pibbeWaBlant Bl B0BGHIHELHY Silin FG _ 441 [ 0065]

FIG 46 si de "el"évat1 ona e storage s ure of FIG 44,

i ncl udi nNigeelzfig, §tbing MEthaoiighd biepharmabduficaldBatetials @ avcofdaf@Gyithi-the. 47 is a
perspective view of the storage structure of FIG 44 being folded; [0067]

FI G 48 1reseat BveRlendi agram of a systemfor regulating the tenperature of a
plurality of flexible containers for hol ding bi opharmaceutical material, in
accordance with the present invention; [0068] FIG 49 is a side

cross- sef@058hal vilG 3 isa pEosgecive wewtofipoipes efa ofntaiferGor 4i8rihgenchg t aper ed

interior_portiong includi l.ur al i of . flexi bl e containers _.being

| hser t ed b Dsstic feleBy® i (o Lh PR oFuEREL RS 1 ewor ¢ he
system ogystlghﬁ,fﬁ@}_ 33hEbeiThsBerhbi§hdbst container is integrally formed with a
top platé inserted into a tenperature control unit; [0070] FIG 51 is a

side cross-sectional view of a portion of a flexible container integrally
formed WoBaf 'OP P58 b DeRSSR 3G ot flildls bP e KHTL Lokt AUENSH 198
34 after they have been welded;

[0055] FIG. 36 is a perspective view of the flexible container of FIG. 35 after

it has been assembled;

[0056] FIG. 37 is a perspective view of another embodiment of a container for
storing and freezing biopharmaceutical materials including a sterile, flexible container

and a rigid holder useable in connection with the present invention;

[0057] FIG. 38 is a side elevational view of a storage structure useable in the
system depicted in FIG. 33 for receiving a flexible container for holding

biopharmaceutical material;

[0058] FIG. 39 is an end elevational view of the storage structure of FIG 38;
[0059] FIG. 40 is a cross-sectional view of the storage structure of FIG. 38;

[0060] FIG. 41 is a cross-sectional view of the end elevational view of FIG.
39;



10 WO 2003/ 037082 PCT/ US2002/ 035135 [0071] FIG 52 is a side
cross-sectional view of another enbodi nent of a flexible container for

cont ai ni ryokoaspisarsaaceut i cal material being received i nPAT/USROMRBBABEIr €
control unit, according to the present invention; [0072] FIG 53 is a top
el evational view of the flexible container and tenperature control unit of
FIG 52; 3] FIG 54 is @a side cross-sectional view of a portion of the
f 1 exi bl e[Joggit ai neF1@i42A5 e suls olqyational Vﬁ@b‘?féﬁ? pgragewipeiniePidiGadg op to a
conti ”Uoﬂﬁth\é‘ﬁ%luﬁ gN,Chgo dfutem bl e container; and [0074] FIG 55 is a side
cross-secti onal fnanot her enbodi mrent of a systemfor storing

bi ophar naceut i cal material, including a plurality of flexible containers

recei vab inate ture 0 nj t n accord nce with the present

i nvent i otp%GBETAI LEgP(%éééﬁelalﬁﬁefﬁi? %Wg]"lei""no é@’&&PB&ﬁ@g aRGHHe t he principles of
the presghbodiM¥pids d%!i@ragé’ %%e%@é&ble‘lﬁ%@@%teﬁrpde c&é‘&ﬁim 33tQring and

t hawi ng bi opharmaceutical naterials are provide [ 0076] When processing
bi ophar nmiémrgmdbﬂmbiatcemtamlesfogqumammgdebplsarmmeuucalymm@er vation, 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
cel|'s  NEOOBBYPt Ur eFERA0E ahRReatoMl Rlbeof R stohgeihanrd eRIG. 43; the cel | s

are frozen too slowy, the cells are exposed to concentrated sol utes over
extended period of time, which may also |lead to cell damage. [0077] The

ext en mge. [0077] T
R e R S L S RN

| eadi ng &4 detrinmental effects. In an enbodi nent, control of the freezing
rate may be represented as control of the dendritic freezing front
velocity, with the dendritic freezing front noving froma cooled wall into

a bul k rpges) of t PechiORAMFREEHbEAVichloME: 2R3EQRF08R RFTGUER002/ 035135

including the flexible container of FIG. 33 therein;

[0066] FIG. 47 is a perspective view of the storage structure of FIG 44 being
folded;
[0067] FIG. 48 is a block diagram of a system for regulating the temperature

of a plurality of flexible containers for holding biopharmaceutical material, in

accordance with the present invention;

[0068] FIG. 49 is a side cross-sectional view of a portion of the system of
FIG. 48 having tapered interior portions including a plurality of flexible containers

being inserted therein;

[0069] FIG. 50 depicts a side cross-sectional view of the system of FIG. 48
wherein a flexible container is integrally formed with a top plate inserted into a

temperature control unit;

[0070] FIG. 51 is a side cross-sectional view of a portion of a flexible

container integrally formed with a top plate, in accordance with the present invention;

10



material. The freezing rate also affects the final frozen matrix, which may
have bi opharmaceutical nmaterial-protecting or biopharnaceuti cal

mat er i al -warzagg/asgos2char acteri stics. For exanpl e, a frozeaTresken20333% h

bi opharmaceutical material enbedded into a vitrified portion between
dendritic ice crystals may be a bi ophar maceuti cal material -protecting
type. Bi &?)I}gimaceutl cal material -dann trices may take different

f or ns; anpl efl@12i§ap rQS?'éFﬁtloé‘é]i ‘flﬁ‘f"é’ W@Eer&%d&?emﬁﬁﬁrl x or (2) an
assenbl y. t duct | ocated
AR L e e A R i S U L

char act eteigeratwre depioldmiip acdohding toethe pyestrdlinwentiot ure with preferred
structure being the dendritic ice crystal structure. Such desirable matrix
structure depends primarily on a freezing front velocity with other
secondar foay 2] mpor t g, 53%@ta%ﬁel@@elu'&ﬁalt\}i@wbﬁfﬁéﬂe%lﬂlé Sontfih@dingnt , conposi tion
and concentration of solutes, and geonetry of the freezing container.
[0078] Acopetiturg cpotlohm1tmf€§§n52,| nvention, maintaining the velocity of a
dendritic ice crystal freezing front (hereafter "dendritic freezing front")
in arange fromapproximately 5 mllineters per hour to approximately 250
m | i met poy3per hoWIG. 3 isaBid ddseisectRblview of alpafiid dfitntleapieoxi matel y 8
mllimeters per hour to approximately 180 mllineters per_ hour, or nost

pr ef er abteptaiperspfldioR furthe deginbipg fivrdiag 9 2 PpiP A GopBRERS Wado figsur to
appr oxi ”Héyﬁ{;ﬁéc%ﬁﬁn@rjéﬂdmt ers per hour, provides advantageous
cryoprocessing conditions in a wide range of systens and feasible
operating margins so that damage to bi ophar maceutical materials may be

mnimze avoi d 0 As an exa the fol I di scussi on
illust raﬂ)@?‘ﬂ he rng‘t} %ﬁ?’éﬁl © SPREAIPIA \Qewfa’a? ¥ O Odie‘ﬂﬁﬂ' 0?iac freezing
front an otsfdt Igl{éﬁﬁh&ﬂt &l ol @7en IQ&H 2y 1%1 '?)ftﬂ@%bt‘eont ext of
freezing o%egﬁlfoghalrr%gge tical r%ateral al s. nc g ptl 3 e velocity of the
dendri t i conftziperz rengivabbenin ai tsmperaturd coménol tumann aeqopiame: withghe/piSsemt | | i net ers
per hour hte dendrites may be small and densely packed w thin the
dendr i ti VPRI, | ng front. Consequently, the dendritic freezing front

behaves as a solid interface with solutes and bi opharmaceutical materials

not being integrated into the solid mass, but are being instead rejected
and pushed towards the centBETAILED DESCRIPTION

[0075] In accordance with the principles of the present invention, systems and

methods for freezing, storing and thawing biopharmaceutical materials are provided.

[0076] When processing biopharmaceutical materials such as cells for
cryopreservation, for example, if the cells are frozen too quickly, with too high of a
water content, the cells may develop intracellular ice crystals. As aresult, the cells
may rupture and/or become unviable. On the other hand, if the cells are frozen too
slowly, the cells are exposed to concentrated solutes over extended period of time,

which may also lead to cell damage.

[0077] The freezing rate may affect biopharmaceutical material distribution
within a frozen volume with nonuniform distribution of biopharmaceutical materials
leading 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

11



12 WO 2003/037082 PCT/ US2002/ 035135 flexible sterile container thus
causi ng severe cryoconcentration in the |iquid phase of the

bi ophar newewvégsbiosaat eri al s. [ 0081] As the velocity of @emdrseenze3siBeezi ng
front increases to, but still remains |ess than approximately 5
mllimeters per hour, the dendrites grow sonmewhat |larger in size and nore

separated, developing.into cellular or columar patterns. In this case,
still onmgteriak g frpraingisteaito affectsiibe Hpaldrazen sty oyfnely WEX BAYG cal material s
become | S olcdii RS S . } | utes and
biopharngggﬁgﬁgg?hﬂﬁg?ggﬁg @%ggg&%us18@ﬂ§%§ag$ﬁ2@§&%ﬁ%<%%§%§1ing dendritic
f r eezi ngcHarammdristicsl Féwedxampto a den¢r mbirorwithn biopRarmageititalpdnateeialof

bi ophar maceutj cal materjal 110 .increases..This situatjon may still result
1 GammgBn bt R YRt FOBLR BB Eh GEhdity HpaBF SRk Bl odi Ly of
dendri tigiohh&aambaRich &aierihrt@f&@c%-hg 5. t]%gf)}éa}h'a&éuﬁrcﬁrfﬁét&?al-da?r?a%iﬂgha”

approximately 5 mllineters per hour, endrites grow sonmewhat |arger in
si ze andmatices gaydale dfferedelpangdonerammes (tka verly sighteellobr iverraystgdat t erns. In

this casg,. .sti onl snmal | rcent age t he sol utes, or

bi ophar n%lgterhxt?rc(g alﬁ%%% |%§1 Qrs?%r?[ae?p f SCOTR éﬁggaﬁécﬁ T S‘fvﬁgpg%quicﬁ nass.

| nst ead, logwel i0leryiBindgyend Ssnahd crt0 Phaidueies UThE/bzamahAfikal S are pushed
forward by the_ advancing dendritic freezing,  front and their concentration
in the |¢hatacderptiss dermdprp fiedesareal stagtureriith preferradigruciuse baiag e Thi s

situatio s S |1 i r I -material s.

[0083] | FREe g et SR AR S AR Suth S b

appr oxi nateiyg 266 welddifynvatiestherzecondatity, ingentent faetorsHergt the engiegatarse i n si ze
and becone, nore conpact| acked, tgereby |l gsing the_ability to properly
enbed sobdtisat CaRBOYHPR ICeIEiAboR 96 soleS pnd prameiy efithe fkeeziigt er i al s i nto
freezi ng.digpt. [0084] If the velocity of dendritic freezing front is nuch
hi gher than approximately 250 mllinmeters per hour, the resulting solid
mass conprises a random unequalibrated, structure of fine ice crystals.

Such i [ ld b hi d, for .exanple, b ercoolin
oral 1 woldh7E of b Pt el MvER S mieSlaifRegeqly SHEPS S0 N9
bi ophar naGRIticGed crifbeféein fidht [HYrehflenYRMAritiO FrebMnS HBREY @id@ngsmal | vol unes

of biopharmaceutical materials into liquid nitrogen or other Ccryogenic
from approximately 5 millimeters per hour to approximately 250 millimeters per hour,

or more preferably in a range from approximately 8 millimeters per hour to
approximately 180 millimeters per hour, or most preferably in a range from
approximately 10 millimeters per hour to approximately 125 millimeters per hour,
provides advantageous cryoprocessing conditions in a wide range of systems and
feasible operating margins so that damage to biopharmaceutical materials may be

minimized or avoided.

[0079] As an example, the following discussion illustrates the relationship
between the velocity of dendritic freezing front and the size and spacing of frozen

dendrites in the context of freezing of biopharmaceutical materials.

[0080] 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

12



fluid. 13 WD 2003/ 037082 PCT/ US2002/ 035135 [0085] For exanple, in

bi ophar maceutical materials subjected to supercooling in a liquid phase

fol | owed W9 2003@pisd i ce crystal growth, the vel ocity of pderuseéniossi3sreezi ng
front may exceed 1000 nm sec. Such fast dendritic front velocities can
create solid nmasses that conprise bi opharmaceutical materials, wherein the
solid masses are not formed of equilibrated ice crystals. These

non- equiflekiblasterdlesontainer fs sawusing sevpregrEooacntatipr iy g ligridinkass fn, when

di ssol ué]ig(ecn §If1 sna(le%egl i g%fi&rystal s and growth of larger ice crystals my

. 1 al cal m . . .
i npose R ANECI AN €al “For ces on  bi opharmaceuti cal materials.

Furt her, biopharmaceutical materials in non- equilibrated solid masses may

be distributed between ice crystals in very thin |ayer on. grai.n
boundar 18881HThi s pAbeaElocy phribe ditsans Tioat Weiases (0. v S HERIBS ea. due

to the Ly | : : ' | [ | tal to
bi ophar A ot BEfSRAES ofilini e e by ByRlRes AN RnBiL R

r egul at atkelyd innere sesaratgd,alevel eging arstd rglltlaeor dobabnadr patiernsuit Inghistchge, syst em

(t hereby .i.nfl uenci thermal . effects d the resulti . dendritic freezing
front  vetBemy eeyel Rrrscngesed Betdihs ahaoBBHBERT AT BICHHS S Mes. | 0087]
The | enghlbe@lied MBSHARBAA hiaS8S MRYad SRANST 1he sPRE aRf biopBarhia@Biticyp! ocity and
on the tenperature gradient along the dendrites. The free dendrite nmay

refer t onatetids hermshedforwhd hygheladvaacisg iderdniis freezgtihmnt ppgjthesr phase, or,

alternativel to.the..thjckness .of, a "nmushy zane" .g " - se zone",

e.g., a CHF%@EOBP@’@AWF{@@S? %fzblo]%lf y %qu%ﬁ%lé%‘ﬁ %rgalé(ri:g lr%r%atﬁlg\% @ﬂgse bet ween
them Atsithhtgort lina? sl rdsOR islensidette iophA@nack e matedinl. i S cl ose to 0 C, and
decreases gradually to match the wall tenperature along the dendrite

|l ength and the solidified nmass away fromthe front. The  tenperature of

i quid Aﬁﬁé??ﬁ” t neAIAAIdcRD oPUSRARHEARE Srobh I ERMPINR sl dlifin€ O

wal | . cool i'ng contl nues, rtain solutes s as salts, the
sol ute legnBaNipRbLiaAteRaatilandere peekdurcthe daodkity @bwesomandat lergeeimt ure .

(0088] The solution between the dendrjtes then solidifies, reaching the
conpl et él%ﬁa@d%%rleéﬁ?a}%‘leflﬁe%lﬁﬂnéﬂ@,o cgilulappy ‘EP,?‘“H%EHJ’FWW‘% g’ttglsec.asefhi s state

is a nats'iiillxcm@}ff a small percentage of the solutes or biopharmaceutical materials may
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.

[0083] If the velocity of dendritic freezing front increases beyond
approximately 250 millimeters per hour, dendrites start to decrease in size and
become more compactly packed, thereby losing the ability to properly embed solutes

and particles comprised in biopharmaceutical materials into freezing front.

[0084] 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.
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the dendritic ice crystals and solidified solutes in a eutectic state
between those dendritic ice crystals. Sone solutes (for exanple,

car bohydrwpes)s/doosaot form 14 WO 2003/ 037082 PCT/ US2002/,0381K3&)2/0811B88Ct i CS.
Instead they may forma glassy state or crystallize between the dendritic
ice crystals. The glassy state may protect a bi opharnmaceuti cal product,
whereas a crystalline state may have a detrinental effect upon a

bi ophar rraceuti caI product. Dendritic ice crystals are descri bed further in

R Wsni L I Cry. i for

Bi ophar ceu i cal §$r%%h%gle @'&&%%% %i‘{%l:“%géfg%?g% é%]togﬁ 1\ﬂigs ni ewski ,
Large Sqaladuﬁ)id/p]msef(ﬂrdw&ﬂlhyra bidGet biystalelowilCahgaieditysof deﬁd&ﬁthl ol ogi cal

Sol ut i O@eeg& harm 11 (9) 42-61 (1998), all of which are incorporated

herein Ry PeeRsiol 000 mumfsee x Swh f&?%ﬂ"é%éfdﬁ%ﬁ‘le ogéjsseted in Fl GS.
1-6, por processi ng,
(1 anspor £ ag S0l miescs Al Aokl il ebou A Rerdl: BRERALIHE G T 20 2SS O
The systmassamgreinotfomted af squelibrated mmcrryﬂhlseffhessumh-eqmlﬁ)reftéclas@lhﬂ e contai ner
10, adapted to contain the b|E@Qarrrx‘;lc‘hgl:utLc(g]é1 #erl Is and adap ed to be
supporté&aﬁﬁs e PEF5IP 196 T5IF R Bdissalytion o spalley ice crystaly

cont ai negrodkh @ﬂ"lﬁréef %@er%@al%y%ﬁ&e@c%%h&ﬁca@?orﬁ@sc&i ved in a
tenperature control unit 20, a transportation device 290 (FIGS. 13 and 14),
and/ or ablosha@mageéltleahmatelpad@9Et}rt1ﬁr,ebmhaern@mtleal masterfeds menonbe f or ned of a

it er s orc e P mer B RS Byl Porbarle BN IR B hor

f1 exi bl eorc@atnaboi@barid. CDhb!J ﬁo&&eﬁﬁ%h@?ﬁo@u&tﬁc@cd&@i& eltyrfade ardd, 2@Stot O
acconmpdat e dlfferent uses, for exa 5 10, and 20 liter flexible

cont ai nelhg VEya1gE HYIDES ofesumallrice @Yatakﬁ Bhishpadetimenist thiephasmaeasicalng | ayer
of the Jgntarior of flexible container 10 may be formed of a |ow density
pol yet hyl'ene, very |ow density pol yethyl ene ethyl ene vinyl acetate
copol ynmer, pol yest er pol yani de, pol yvinyl chi ori de, pol ypr opyl ene,

olyflu | ene | i denef | or|d ur et han
1I‘OI ugroemgg gpro X‘\{IF%‘%/SPQ‘R‘&WP% eﬁg&% dzi:g' fEPRE 0% eaB‘élgrﬂil%r | ayer
may al sohenfebnEst i sﬁ{énﬁ&ﬂéﬂe&nﬁﬁmlaﬁbfﬁg feRRA kGO BRN WXBEsURiind Ure wWithin a

dendritic freezing front velocities), and by selection and concentration of solutes.

[0087] The length of free dendrites may depend in part on the front velocity
and on the temperature gradient along the dendrites. The free dendrite may refer to
the length of the dendrite sticking into the liquid phase, or, alternatively, to the
thickness of a "mushy zone" or a “two-phase zone”, e.g., a mixture of dendritic ice
crystal needles and liquid phase between them. At the tips of the dendrites, the
temperature is close to 0° C, and decreases gradually to match the wall temperature
along the dendrite length and the solidified mass away from the front. The
temperature of 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 .

[0088] 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

14



pol yam de or an ethyl ene vinyl acetate copolyner. Further, flexible
container 10 may include a layer with high nechanical strength (e.g. a
pol yam deywp 2aesh3a082ext ernal |ayer wth insulating effeeCcTius20vecassmwel di ng,
for exanple, polyester. The |ayers may be conpatible with warm and cold
conditions and may be able to withstand ionizing irradiation for

t | t fl bl t r 10 h a | 15 WO
5005 057 OO eh PiSEPd SBIRE S & AT ST 8 g DeIES e endrgion.
rel ativebyo i rrpsa s &Hi%rﬁé}p%{écf‘gbf& ]%&m%q@lﬂﬁg ?ﬁeé%g»gﬁérsq sQugh when

recei ved |n terrperatLSJ};e control unit e ex materials useful
for for nutyatailome stite fbphavd @dgdnteataheffect Oporsa erpha[mtaeehtwal troBuctpat ent No.

5,988,422 to.Val | ot he entire u ect tter of which is hereb
“ncor por DebtFiticiee iystaly e St b BT B Fuhufe Selly pe
di sposablgyopétdsyaRb® BPittAY f&@@pﬁmaé&ﬁcﬁ@s@ﬁﬁvﬁﬁq)h&% ¢ ?50 Zgntam nat i on

of the interior of flexible COﬂTaI ner 1() Wmcn mght res t when reusing
ot her tyb@@gbm%nWainW@, DZEOYdales SEISINY: omeondls.may be

adapted ¢ e J8c IV in 5 ti bIe cont ai ner 10.
For exa S s iftioht ﬂéOﬁéafml%l @;35 6?:@%;’ lf;% f 1Fdl y- ext endi ng

fl ange 1ﬁﬁoqﬂagé@ﬁbrému§&efee@ﬁe,ved in a channel 200 of frame 15, as
depicted in FIGS. 1-3. For exanple, flange 100 could be a plastic

rei nforcenent rod di nensioned to be received in channel 200. Thus, flange
100, and ref or ééﬁﬂfm nser tically
down\/vard[(a)drd'gﬁem)veg1 éIlvertl é%?%%gi\}var é@ﬁ?%@@dtﬁ%go}%&\%&?%at erally or
i n di r ectystas fatdoeling, Hﬁaazmg, mm&:rwﬂg,vmodaﬂmng drahkyremg dgevingtandf 1 ange 100

wi th channel 200, Thus rve to _sup ort e flexible
cont ai neft O?Llﬁgf%ﬁ’&’é?lg}aﬁlu tica ’En& ﬁ‘a a§‘h QV%?TI?ISX%?IBI ﬁ]tug? ASEUD  during

filling thasael sudhed uarkiiagsiiigdeof 0, 6@t ﬂa%nﬂaﬁl ﬁ@@l«?ﬂi‘fﬁ&%uﬁ’da[mns' onal
stability of flexible container 10 by spreading a pl aced t hereon al ong

t hree dnrat@mlsrﬂlldgd@lﬁsd tﬁbq‘ $l®1omt§¢cbbmmmprtmg stroctuie, such dsaitfransé ties and t he

bot t t 009 h fl | ud
Dot Pt PR sortiig o Atk 15 ppf SR og aERit o Wecddiiha [ om e fop si de
11 of fl exifkfueeoh@bingit 700 a trhisportafibh H&atd 008FIE@SdINGdi 14anad/0ray be

configured to be received in channel 200 and may be substantially
per pendi &i@rage WpH. f | ange 100. The vertically extending flange al so

[0090] Flexible container 10 may be formed of a laminated film which
includes a plurality of layers and may have an interior volume ranging from 0.01-100
liters, for example. Further, flexible container 10 could be available in a variety of
sizes to accommodate different uses, for example, 5, 10, and 20 liter flexible
containers may be utilized. Also a biocompatible product-contacting layer of the
interior of flexible container 10 may be formed of a low density polyethylene, very
low density polyethylene ethylene vinyl acetate copolymer, polyester, polyamide,
polyvinylchloride, polypropylene, polyfluoroethylene, polyvinylidenefluoride,
polyurethane or fluoroethylenepropylene, for example. A gas and water vapor barrier
layer may also 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 warm and cold conditions and may be able to withstand ionizing

irradiation for sterilization purposes. Also, flexible container 10 may have a large
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may be configured to connect to a top portion of frame 15 to reduce sag of
flexible container 10 when flexible container 10 is received in frane 15.

[ 0093] FIwwi2bbé3ewat ai ner 10 may al so include a tab 110Ppor/ustéven3smans for
receiving a label to provide an indication to a user as to the contents of
flexible container 10. Such a label may include witten information, an
enbedded m crochip, a RF transmtter and/or an el ectronic or rragnetl c bar
code f orSuiaes aige fovelpmendiéo. apd ardatelpthiy walltyisorenatiog heat trawsfero facilitate

identifi { 0 35

char act e@?‘tzeg?&c%l &%g&?{% I?l?e ﬁle%/%e%ﬁr% 9%?@5@%&@ %é@%g%ﬁ#&%ﬁﬁ; t hus

si mpl i f yusefd fi@dermeulatiot oﬁﬂé)&blle&bﬁtafﬂef)l@d desx:rfbledxmb]l& pateat Noner 10, received
in frame_15 en_if is stored jin a lar contalnl ot her frames
and flex{ B$%4%30Wt\éqlf?érf§° Pt FUbigst m%%egw ‘;‘Lr’ﬁ %rP ¥ FePPOFt e‘?@%@‘&] As shown
in Fig. Dl r conduits
120 to a Iroe\f;\%r?ﬁe I #ga&g%&?lgﬁqt%gerg@y |ophaglr%l§§lg§it?gsé mat E?gée?fgr ot her
sol i ds, tsequi @se,vemnngm%cqnwmnam ofrtheutterodr of fexibleogontaingr 19vavieh  of

flexible . ui.ts 120 al so be used to insert a
neasureﬁ@ﬁ@g g%g%FHSTBH§H3 PRALG 8m?%8?rble contai ner 10 (e.g., a pH
el ectrode, a conductivity sensor, tenperature probe, an ion selective
el ectrode, a_ spectophotonetric robe an ul trasound sensor, an optic

fiber.) [099dlits 1&@11@&;1619@1%9@%&%ﬂ@@lﬁ}’rbetﬂdépf?éfﬁp pareceiged infi@me ont ai ner
and/ of 1 s INSuBR e B8 Bhtalde? 10016 SARLRL ﬁéfélbgef opfliferABShdy On of the

condui t s Ty ng and/ or e contarners.
120 may ielude Bih ogiakdlyextdndiigiiage 000 acilap&rd tﬂ:(be@écelntedrmyl chenrebPdeeft abl e to a

receiving port (not, shown) thereof. For npl uit 120 coul d be
connect e’game 13 asdlenictadig | StlﬁmFﬁﬁe}é\amHl?’ aﬁée bﬁ%ﬁ@gdaﬁ’%’ﬂ% i€ he inlet port.

Fittings, t RlooNGHhu - e PFZ andBY be used
for the (?%%8 Igﬁgg?ﬁgﬁ%a&%gﬁgg?k&el gﬁl aﬂ{l]ﬁt Plongsuvmﬂl%gg canmrlral ntain the
sterilitthenffort tﬂlexﬂ:)&md:cmnamerolfo tﬂwbemmﬁtested1m1oallyfdcemwﬂré or pmmivaiiner may

pr ef er abl

Clich e HEGHE Ao ey AtPOROSHLIBERIP i A TSI HITPHERy (00)
gle?{ gre ?%@?H"gueoﬂomﬁhe Qﬁgdfgreelt@%trdﬂﬂaﬁg@ndmvuﬁ%mbmooc oryiid flarkeQ 00BYvESICl ude a
to support the flexible container 10 laterally, retain a shape of flexible container 10
during filling thereof, reduces sagging of container 10 and ensures dimensional
stability of flexible container 10 by spreading a load placed thereon along three

different sides of flexible container 10, i.e., both sides and the bottom thereof.

[0092] Further, flexible container 10 may include a vertically extending flange
or rod (not shown) projecting from a top side 11 of flexible container 10. The
vertically extending flange may be configured to be received in channel 200 and may
be substantially perpendicular to flange 100. The vertically extending flange also
may be configured to connect to a top portion of frame 15 to reduce sag of flexible

container 10 when flexible container 10 is received in frame 15.

[0093] Flexible container 10 may also include a tab 110 or other means for
receiving a label to provide an indication to a user as to the contents of flexible
container 10. Such a label may include written information, an embedded microchip,
a RF transmitter and/or an electronic or magnetic bar code for indication of the

contents of flexible container 10 to facilitate identification, tracking, and/or
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any inpurities or other undesirable materials fromthe biopharnmaceuti cal
material. [0095] Tenperature control unit 20 is configured to control the
t enper at LW 2003/032082i nt eri or 25 thereof, as depicted in PCERS282035186 SO,
tenperature control unit 20 nmay include therein, or may be coupled to, a
controller (not show) to allow a user to control the heating, cooling,
freezing ,or thaw.ng, .for exanp L t he ﬁhﬁ&@) armaceutical materials in

flexible }@W%{f@gf’n phthe gomenisit ?r§°fr r:g’@r“ts"eﬁ ef H’taélﬂi“’érsmﬁgyof t enper at ure
control Hl@hégteﬁfént BFﬁEieﬁgls kel irf‘ﬂexfttlé 86#hiRGr 1, réééﬁ)é’linﬁorﬁfn el1B8y Rt ents of

flexible containers 10 placed 1 nside temperature contr nlt may be
cont r ol | iscitdygd bl olergeyfreezeneantainingthet freaws afd fetitleaontairen \ahmhntny di rect
contact of 17. m 2 3/ 037082 PCT/ US2002/ 035135 the containers with cold or
war m sur fRECASS! rayl ng cooling fluid (e.g., liquid nitrogen), for
exanpl e. [0096] In a preferred enbodi nent, tenperature control unit 20 is a
heat exchanger haV| ng one or nore conductl on plates for heating and/or
cool i ng [A084dbi e FhevA &R Fl_’gﬂaﬂmﬂhiﬁ gfprﬁe;lmaﬂbmavwlludmmor aloge cont ai ned

t her ei n, F For & erature, control unit
20 may | Plﬁf % 1%1%215262]@ a;llé;?f %ltlz)lﬁ g %fabn%i’}ﬁpgaceglﬁf ag?r 4$5% o cool the
cont ent sOﬁhlalesroeﬂf; lifMids0 or gaes bito aimir/@ dmft opligteRsr @8t éMRywn) beﬂfmmeabl e to allow

conpr essi on ,of f1exi bl e contalner 10 when flexible container 10 is
recei vedoaningaife Gendty 129 may alsg beaisedsiodnseatr measurareqiit grobednest t enper at ur e

cont rol s ifsc AUEbRShr:lRIREKAL UE GrGARLERL HRLid0 IRt bpc! ude one or

nore non- erature contro not 's separate from pl ates 28
whi ch na;entpreratmet]irolgﬁ,uaedart smlacﬁn@elestsodiaj Espdot@hcmniemmbbé,&n when flexible

cont ai ner recei ved 15 d frame 15 i ceived in interior
55 of 1 el apticythet ) 3ipmaats PREprt Bemodtioneien T op pgoef For

exanpl e, 1 RERAIRL Hh@of AIYhE BbttdtRiphrt %@ﬂ&ame%ﬁfamk 18. TAL BoSliod H@he dendritic
freezing front (not shown) veloCity within the biopharnaceutical naterials

t hr ough cce@@lﬁamytf@inb@tfaﬁ ahdyoodirtagef the gantdiners. tGradbit dpharaydeeut i cal
TR DRI RY KERERY K AR SAREF LRyt 1 02
or i nt egstvw) fﬂher&ifa%‘p‘ eX&@mple, conduit 120 could be connected to a receiving

port using a fitting placed within the inlet port. Fittings such as those described in

U.S. Patent No. 6,186,932, may be used for the connection of such conduits. Also,

fittings which can maintain the sterility of the contents of the container or flexible

container 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. In another example, conduit 120 may include a filter (not shown) to filter

any impurities or other undesirable materials from the biopharmaceutical material.

[0095] Temperature control unit 20 is configured to control the temperature of
an interior 25 thereof, as depicted in FIGS. 5-6. Also, temperature control unit 20
may include therein, or may be coupled to, a controller (not shown) to allow a user to
control the heating, cooling, freezing or thawing, for example, of the
biopharmaceutical materials in flexible container 10, when it is inserted into interior
25 of temperature control unit 20. Heating, cooling, freezing or thawing of the
contents of flexible containers 10 placed inside temperature control unit 20 may be

controlled by blowing a continuous stream of cold or warm air, by direct contact of
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This feedback | oop permts nore precise control of heat renmoval fromthe
bi ophar maceutical materials, and facilitates control of the dendritic

freezi ng woane3/o3v@kocity to within the recited ranges. Yeamiushéeed3xagh as
wal I thickness of flexible sterile container 10, thickness of frane 15,
thermal resistance between flexible sterile container 10 and pl ates 28,

etc., arge automatically taken into accqunt throu the., f eedback | oop.
{00081 " Tite SHRAEF b YIS Mg e SRFAT S0 8 SBiAHe K cal
nat eri al itropéDsRMlexadpR, sol id mass fromthe liquid formof the

bi opharmaceuti'cal materials, thereby producing a solid-liquid interface in
whi ch dendrites are formng. As heat renoval fromthe biopharnmaceuti cal

terial ti the dendritic f ' f t s f th
e cuPIBL of 7T Pl okl BERk A bR BRATR SR T w0
2003/ 0370@RaREF hFA0At 03EbAbconticilinthl bR AARERMIE abolimiRkikbs freeze

into a solid nmass. In an enbodi nent of the present invention, the

dendr i t i eontgiBerzliOnandrhiepharmaceytipal yateyialyeonjaineskthesgingps fepigied in KIGES. dendritic
f i ng< f i i whi ch heat i
recz! N0t 90 AP ok RS Ryl AR B EROYTRL ook Tl gl 1 Pt 1

det er m nfisxibleeoutiinetilDyo obolttheconendythéreof. Alkseautiend nioreof plafes D8 endyhe

tenperat ure gradi ent between the bj ophar maceut.i cal terials and plates 28
s cor r ebemeteas 19 AlieaY somerestongHiter N cantaiuer Loghad e peginer 10

bi ophar nRGeuIigh FRLETI M ShrarhdBs ¥GEQHin %teﬁélﬁzsdcﬁﬂ%#érbt%xé éo%%'[ ng front
can be controlled by controlling the tenperature of plates 28. [00100] In

a pr ef erwetll @nbatharstempetabat corol emb 26 cndyrinshnddene drirophaonaceut i cal

materi al s _at rate t onot es a, substanti al | i form advance of the
denar 1 11 ErprElzeagrr B RS A v R R SRy R S0viRh Rsb Ko

bi ophar n@sgigutiab cofphads ifidkbldonthirky D6 whdn BéAible eomaindNto ¥ebivddy of the
dendritic freezing front. Maintenance of a substantially constant velocity

of the dadgrne i and Eamedg i$ respivedvntintepior 2 ekiepipsrature epmteol wpH28i #rer 10

accordi ng._t ][g@ iment of this invention is desirable because it
provi desgeé%%g(?gln i a’ﬁjy st eady-state conditions for undisturbed dendritic

ice crystal growth, independently fromthe distance to the cool ed heat

transfer [OSOLé% ace For example, temperature control unit 20 may control a rate of the
dendritic freezing front (not shown) velocity within the biopharmaceutical materials
through feedback temperature information regarding the biopharmaceutical materials
from one or more temperatures sensors (not shown) which may be inserted into
container 10 through ports 120 or which may be attached to, or integral to, plates 28.
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, thickness of frame 15, thermal resistance between flexible sterile
container 10 and plates 28, etc., are automatically taken into account through the
feedback loop. |

[0098] The dendritic freezing front separates the biopharmaceutical materials
present as a solid mass from the liquid form of the biopharmaceutical materials,
thereby producing a solid-liquid interface in which dendrites are forming. As heat
removal from the biopharmaceutical materials continues, the dendritic freezing front

advances away from the inner surface of flexible sterile container 10, as additional
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within the freezing volune. [00101] Frane 15 may be formed to receive and
support flexible container 10 to provide additional rigidity and support
to fl exi bWwe 2@3zisner 10, thus facilitating handling, ®CEMESY®2/0331d3 Or
tenperature control thereof. Frame 15 may include a first opening 210 and
a second opening 211 (FIG 6) on an opposite side of frame 15 from opening
210. These .openi ngs expose a |arge surface area of flexible container 10 to
i nteri orligud g’! ophaEnacspeal Aratarial ¢ 1to grpkid pess. 'ﬁhrﬁ@@@boﬂlﬁ@é%@ém ngs,

flexible s plates 28
(Fi G o) resst iloion. Mo BEHARER-Aaho B vASANT) Ble BUAP RS PHERARS D' L O
t enper at der@iritio ficgeging Hivnt ad@ncesFor exanple, a fi rst SI de 12 of flexible
container 10 may contact a heat transfer surface (e.g., one of plates 28)
of interior 25 of tenperature control unit 20 (FIG 5) through opening 210
to contr ete . oY c['l]i% r J flexible
cont ai negdnlggj Al tggﬁgl?%ll\l/{éﬁ}&ferslé gjgl%f%g?m ex?ﬁ%g&g%%e{ag%ﬁe{rhg%éﬂay be
exposed ﬂl@x)\/&brﬁ@]ﬁ)@%iﬁﬁﬂﬂﬁﬁcﬂﬁfﬂlﬁﬁ@ﬁﬂé 08bdihes the valosity bf thodendriticul ati ng ai r
wi thin the tenperat ontrol unit 20. For e | e, bi_ ophar maceuti cal
mat o 1 al TRRTBEOR, Syt BF i gt Yo R R G 0. when

f1 exi bl emGRiAI MElakEs zsslsrceﬁ@lméa%tmthfe &@eérat J«ﬁlcﬁ'ﬁgatfﬁ ARiffovea flot fh%Ce' ved in
tenperature control unit 20. [00102] flexible container 10 may be
adapt ed blopb@momﬁcebme@nbkﬁ b atlesity Qﬁthe @Enctatlod)eezmgé?or@ga;sbentu ally filled
with the bio maceut.i.c [ exi bl e container 10 and frame
15 are r(e ’i@gg%yﬁomﬁ?lil?gor%S%?@%@?tﬁ%ée control unit 20. Further,
the contents of flexible container 10 may be frozen or solidified while

pl at es 28 ar e_conpr essi ng it in tenperature control unit 20 to cause

f1 exi bl e[0080] ai ne 2 prafeyradppmbodimeiahest semeves fgem thers in a direction
bet ween fn]o RimPREM AP mareHd s%?&'ra?@ﬁ%?ﬁgﬁﬁ%&' A\ da(lﬁjtf?%f(gﬁh faﬁ@aﬂccé age 15,

which is t han or equa nsion or w an Interior 240
of fr an‘eth]:ﬁendlrmdqﬁem@frdnmdnn substentialdly atbmsluor of e bidphasmaddutiralbl e

cont ai ner aV|n the har maceut.i c rLa oenthereln may be
Cont T nodmai i i e e e St e e o ediany 5. g

ggggg essiiehtthfxt BF £ s%%ﬁmyeemé&n{ PelbdiBIer thd derfritiv BREARS Gah! wltm%ct angul ar

flexible sterile container 10 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.

[o0101] Frame 15 may be formed to receive and support flexible container 10
to provide additional rigidity and support to flexible container 10, thus facilitating
handling, storage, and/or temperature control thereof. Frame 15 may include a first
opening 210 and a second opening 211 (FIG. 6) on an opposite side of frame 15 from
opening 210. These openings expose a large surface area of flexible container 10 to
interior 25 of the temperature control unit 20. Through these openings, flexible
container 10 may contact heat transfer surfaces such as plates 28 (FIG. 6), air at a
controlled temperature, or liquid cooling spray within temperature control unit 20.
For example, a first side 12 of flexible container 10 may contact a heat transfer
surface (e.g., one of plates 28) of interior 25 of temperature control unit 20 (FIG. 5)
through opening 210 to control the temperature of the biopharmaceutical material in

flexible container 10. Alternatively, side 12 of flexible container 10 may be exposed
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sectional profile is created of flexible container 10 having the

bi ophar maceutical nmaterial therein. Such a cross-sectional profile

pr onot es worrv@at37iset ween fl exi bl e container 10 and heatrCrrspeRessips at es
28. This is particularly true in the corners of flexible container 10,
thus allowng freezing to proceed in a uniformmanner in a direction
normal to plates 28. Further, the conpression of flexible container 10 may
force tht 4)$tdbwa¢lmlﬁémg|atramﬂmt1@rtmpenawr¢ rentidbupit 20nFar ermpl® they occupy any
voi ds or reduci ng or
i ni i o1 RGP R Rl LA b Ro A e I RIS oA e

cont ai newhdd fleEplddntadice 100d feosived ANGlarh§ US abdiaBe 18 Eredéiivédm cool i ng of

t he bi ophar maceutical material contained in flexible container 10. [00103]
Frame 15temBeratigeraqatol wetdbe upwardly extendi ng sides 260, a bottom 270
and a top 280 to protect and support flexible container 10. Top 280 may be
hi ngedly attached to frane 15 allow top 280 to be opened and all ow fl exi bl e
cont ai nef001®2]o be Allsts éexiblk dontainer D eundydse d4ted anbe tappi2&ed bypldes cl osed to

pr ot ect | exi bl.e cont inen 0 SO cl ude .a handl e 285, as
best dep?é?t(gﬁéiéﬂ Wieisubstantig] ‘Q‘%@ﬂ?‘?&g Iﬁ'@“’f“%‘f éggagmasyer&; ctable to

si des 26ﬁex1ﬁé%nta?néi'51@ran&rﬁ§ém%QS\%% FRERE B BR2iFST o 2ol connect
top 280 to sides 260 to allow handle 285 to be grip to carry frarre 15

Wi th or whit E@uFulfﬂn@xihbIcentcmﬁpﬁﬂﬁmblelc@ntamﬂoetmhytba:efrcmen or p#lidifieday cont ai n

bi ophar mat er i al pref rabl be for of materials
ot oh T Bar meGEas e Bt R e e Do A e oo T ca 1y,
such mat @(flitﬁhél 1(5taQialve al’dﬂh@dsfbntd”tﬁbtzlﬂtﬂ Dadn heRlebiéh R8s fidét aptshigxhi bit gl ass
transition tenperatures no higher than negative 80 degrees Celsius while

bei ng re3l&anthiecers epaing Hd EHYeDofdrmme ke thirds's teshrihsnioy caead o fn
bi oph
nypocht onaslc P8 o h iihion 40 or AR 148, SN SRAUERAOREET U™ ) es 260

may be fdnrmmﬂloufllﬁl Uhwgflekibiecont@seml O(haveng thd Rlephinaaadicabmatedidl and bott om
270 may he fornmed of

t ai t eel SO, 6 ottom 270 and/ or
top 280 HaFEHBeIHRagPe g Hﬁaﬁfﬂ na#e%‘ff\all&nﬁqﬁfeglmea?i foneﬁgmfenmf‘g I35 umi num
pol yet hyBengmpPkp RRIE R aiRG NGAFRARALE o sARGRAllY SdMt @08y cross-

sectional profile is created of flexible container 10 having the biopharmaceutical

material therein. Such a cross-sectional profile promotes contact between flexible
container 10 and heat transfer plates 28. This is particularly true in the corners of
flexible container 10, thus allowing freezing to proceed in a uniform manner in a
direction normal to plates 28. Further, the compression of flexible container 10 may
force the biopharmaceutical material in flexible container 10 to occupy any voids or
spaces between plate 28 and flexible container 10. By reducing or minimizing such
voids or spaces, contact of plate 28 with flexible container 10 may be more uniform
and thus cause more uniform cooling of the biopharmaceutical material contained in

flexible container 10.

[00103] Frame 15 may further include upwardly extending sides 260, a bottom
270 and a top 280 to protect and support flexible container 10. Top 280 may be
hingedly attached to frame 15 allow top 280 to be opened and allow flexible
container 10 to be inserted into interior 240, and top 280 may be closed to protect
flexible container 10. Also, top 280 may include a handle 285, as best depicted in
FIG. 4, and top 280 may be releasably connectable to sides 260. Thus, a user may
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for exanple. Further materials may include conposite materials such as

gl ass- reinforced plastic, carbon-fiber reinforced resins, or other

engi neer iwg 2p03a8r08¢ materials known to of fer high stremgrhistaneiight

rati ons and which are serviceable at various tenperatures of interest. It
wi |l be understood by those skilled in the art that sides 260, bottom 270
and/or top 280 may be nonolithic and integrally fornmed as one piece or
sui t abl yCeBIsAEEP 280 tbEdesvd o pllpwrandle 288 ésbosippeddo camy famedAdvidr t op 280

coul & beof AR, ik SAPENTEKFELAled Befly SHAINLERS,SLRST) or Lhey could be

formed o Ifterent terrals and connecte Frame 15 may al so
i ncl ude bivphamaceutzal haetiaheiraer 4 5 Idayf @eferminbaionnsd of markiakSyiich an upri ght

iti depj cted i. .G.. 5. ill b nd tood by those skilled in
F EZI alr? ,nfeflgag‘ilse #?%B&%etl?ﬂg tg‘éﬁ/“ﬁé’t‘i‘rﬁ@@l\ém‘?ﬁﬂles-t%egk%cg@;ﬁggh@Beélakso one or nore
si des 26Ghqid iR thekdoad-B0R]ca élﬁté/r}%gl ’exﬁ%ﬁgﬁfégaﬂ@@fﬁte g)gfﬁthﬁ?s 5§ be

received in a protective structur cove to pro exi bl e
cont ai nehighey, thag negaive Be degraesFCelsius While ieifig resiytatt éctlemang ageaks 260 may cover

openi ng 21 nd/ or second.opening 211. to pratect flexible container 10,
when fle%egﬂogsgg" PR e egﬁloﬁg%aég’@fs '&alirﬂg?"\?ﬁg‘é“%?'gf’rsé) UBei ng punctured
or ot her Wjdiexida/Bagreh hypochldeide (OLOREY), ¥&aGR¢@kid2eR, My al so include a

plurality of apertures 255 to facilitate heat transfer therethrough, when
flexible container 10, frame 15, and cover 250 are received in tenperature

control 1 0 ( or.. I traoll te rature environnment,
such as \/1/th4 in Jr)recéexze le’ﬁlf%%}\%g(g%%ﬁgg%goggfﬂ%gg@[ﬁ@%g@ Aper t ur es
255 al sOTEFLOW)an¥ tapl80 andriortiom 270 hiyebd fi@Ed 6f staihlcbhgedll MidkRI§ONt ai ner
10, vvhe%(grbot ective cover 250 covers franme 15. Two or nore franes 15

encl osed P2 end/er A napbemadeelany aymbenef othenmatariplsor vertical 1y,
as depi cieRdt G yfe?ﬁ 0 | | , hntisat e contact
bet ween adﬁlgcr{eén%ﬂfi e{lggls’ pgg’%tsh acggl%hg%{gé@elpeﬁéglyg%&gﬁé%i%ﬁ? &P l%sflﬂtrég%ges (not
shown) tforpsample. Unttherdeatedalpamydgdudd compositdmiateriaBrsuelngegtent i s favorabl e
for the ralﬁid ﬁnﬁa unif%rpm ontr.]%i9 of, the tenperature when _interior 25 of

t enper at WHE°EEHP SHC: GATOPNAEPeF et qugaes&qs.,% %roen!gwee%ﬁg,.g@gqq,e air effect.
Pr ot ect i metegiaM&inowd Qo 81780high k@¥ul-t@iveRRt R8RS add WKH afd dohaableaxi bl e
containers to a thickness defined by interior surface of protective cover
250 for Yastoas ggmpezitares of ingeragie It will be understood by those skilled in the art that

sides 260, bottom 270 and/or top 280 may be monolithic and integrally formed as one

piece or suitably connected together. Further, sides 260, bottom 270 and/or top 280
could be formed of a same material (e.g. stainless steel) or they could be formed of
different materials and connected together. Frame 15 may also include one or more
foot members 14 for maintaining frame 15 in an upright position, as depicted in FIG.
5. As will be understood by those skilled in the art, foot members 14 may be integral

to or connectable to one or more sides 260 of frame 15.

[00105] Further, frame 15 may be adapted to be received in a protective
structure or cover 250 to protect flexible container 10, as depicted in FIGS. 7 and 8.
Protective cover 250 may cover opening 210 and/or second opening 211 to protect
flexible container 10, when flexible container 10 is received in frame 15, from being
punctured or otherwise damaged. Further, protective cover 250 may also include a
plurality of apertures 255 to facilitate heat transfer therethrough, when flexible
container 10, frame 15, and cover 250 are received in temperature control unit 20

(FIG. 5) or another controlled temperature environment, such as a walk in freezer.
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and handling. Further, cover 250 may be configured to receive flexible
container 10 fromthe top thereof or the bottomthereof, as is evident
from FI G3¥vOR0@n37@2 respectively. [00106] Frame 15 nmyParais2émalogsianci | | ary
equi pnent and tubing. For exanple, as depicted in FIG 10, franme 15 nmay be
equi pped with a channel 16 along one or nore of sides 260 and/or bottom
270 to rgute dr%%n tubi ng 282 (FIGS, 10-12). Flexible container 10 may be
connect e@PFEUES 29 hileg rbewW ayimeheantiol pf the imteoneithenflerdlyle chetameni®,gur ed to be

recei vedyihB, pRAGHE | ] i ncl ud hori.zontal l.y extendi ng
portion 286 iéj)md a@ég%%ggpl%é"ééi{rgﬁgilgg)rp‘)%r(fri%%g CP&SC?BEILP%W'%tO t he
hor i zont piotetiste vever 26@ brepatadkiiln hotifortdlBnaelertkally,as dppidtigatiGro G 11. A

conmpartment .or.cavity 19 may. be | ocated between top 11 of flexible

cont ai ne?xafi‘}’l%n{llctio&fbséﬁ%oﬁ?’ lgtfrp%"ﬁéoﬁtﬂ?t%&%wﬂéﬁfil@?@& fages pf stacked cagsvity 19
may recemue behadvanteH b 0r I i B, tubing 282
to drain the :‘rp?ﬁ Jéa_rrliéyr 53;1% déi%?’ﬁfhﬁrgﬁ?g?‘ﬁ%% .detegﬁéea:é,gogé%\/?p 19 may

i ncl ude e&ggcwest 13 gavorahle sntapchandraifort otitra o2 82 tempedaairsvivapped f or
st orage ﬁl@&fo‘?%'of b vity 19 rTF al.gg be élsgd ]E‘O %{J&Pmtpf[exlbl e cont ai ner
accessories saeh a8 RrEnt 50 rélr‘érfl (hisicralef of heated byeamvectivsrad effegt- sanpl i ng

ports ( nPiotecti®vbWer 28R MIsb ¥illdRs ﬂ_&ﬁterﬁﬁ@é(f [RuPHOELALLOR Bhtalddfs BGCESSOr i es
during storage and transportation. The accessories are often nade of

pl asti c thidncyLdeliped byintestqrisirfacesf protostivesoper280 foemoreGafiicieyt st@apmy secur e

the acceggpld i f if.1on thu inhibiting, t accessorjes from
novi ng away alfnragrr%?li%ﬂ%ﬁl Vgrgéofrpe&}o%foé&%@g? ﬁeézlewfglex%iﬁc%g?lﬂ%}' $amaged or

r upt ur edfroiR2hd\Op20ét34 103 tHSBotRu] tHIEI0R/i9 ShdeR frohPPIEN 17 Marggover, franme 15
may be adapted to be received in a storage unit or a transportati on device,
such as rgs}g“ﬂlf’elﬁgo, as depicted in FIGS. 13-14. For exanple, width 230 of
frame 15 may be less than or equal to a dinension or wwdth 295 of a
channel 297 of cart 290 to allow frane 15 to be received in cart 290. Al so,
a bot t onl00406F 298Fmfmedieamaeils@BIldmayillbey ajuipmenantd Whirgl Mok axargleght as a

Al s, 5 S redid RO B0 folis Fiomey DB euibpisnina hapmet [oalpFoMmCar T 200 (o |

i nteri orméfe ¢¥fsideS PG BRY/GF BotMDTPlo MhieldrAR b 3EFIGS. 10-12).
Flexible container 10 may be connected to or integral to drain tubing 282 which may
be configured to be received in channel 16, that is, it may include a horizontally
extending portion 286 and a vertically extending portion 287 to conform to the
horizontal and vertical portions of channel 16, as depicted in FIG. 11. A compartment
or cavity 19 may be located between top 11 of flexible container 10 and top 280 of
frame 15, as depicted in FIG. 12. Cavity 19 may receive drain tubing 282 for storage
prior to using drain tubing 282 to drain the interior of flexible container 10. Further,
cavity 19 may include capstans 284, around which drain tubing 282 may be wrapped
for storage thereof. Cavity 19 may also be used to support flexible container
accessories such as vent filters, online filters, connectors and sampling ports (not
shown). Cavity 19 may provide protection of the accessories during storage and
transportation. The accessories are often made of plastic that can become brittle at
low temperatures. Cavity 19 may secure the accessories in a safe position thus
inhibiting the accessories from moving away from frame 15 and flexible container 10

and being damaged or ruptured.
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tenperature control unit 20 may al so i nclude a noveabl e support 22 for
holding frame 15 in interior 25 of tenperature control unit 20. Myveabl e
support rwolee3/@2ospay al so be advanced outside of i ntePCorus2@2esiibs fr ame
15 supported thereon. Thus, noveable support nenber 22 may be advanced to
a point wherein frame 15 may be slid off noveabl e support nenber 22 into
channel 297 of cart 290. Al so, channel 297 nmay include one or nore channel

suppor t s[084871 or sMiepesvei, dignter mayl Be adaptsddn beirecedgd in p sO1@8unt@rper at ur e

control upit 20 may.also include r ane _.advanci chani sm t.o advance

rame. 15 BrsepduitaiacticEon o 328 Rop A e ARG 1 T BT PRRIE DLV ERChay

be acti vaidel2hyoBfrarBy €5 ndy,bedsssdbd ditegdalitd alirgensbon droxidexz9mdfe, the frane

advanci ngn mechani sm magQ)i ncl ude novabl e support nenber 22 bei ng advanced in
C.

r espons echapnel 20y vheab Ao to alloyeframg 15t bsreceivagin cast 2y AJso.aotop moved from
interior r § e : It : -novenent of
noveabl eSIg%%%g;éﬁéhgﬁgﬁ‘gg? lﬁ;a;’ lﬁgﬁ@his%e ? ?%#él%gg%lghvﬁr? btoétaglegrl&;{ %g{éggﬁt rol unit
20 and c28 of 2Rperatee comod et 28dpsadepittedia FRGSHS and£3-14 @asllov? 98medy have

insul ated walls for_ reduci heat . |.gsses during storage or_transportation
of franetofs §Y ycﬁlwgfr%éwaﬂgﬁﬁ? Wtarios 209K emregpiisGoBirel wot 20 Pt | on, f or

long ter RERE Sorttol LiAR 20! ABPAEIRIERME b v veRbIE dSrort £ORL iﬁﬁl@lﬁ% frdind | €I bl e

§
container 10, I1n either a lidquid or a frozen state, a walk-1m, a chest or
a cabi net5 whintetier 2D of fenperature Cnoirolamitii) Meveable sepporppedtbei 2meapi | s or

channel supports (,not .sho adapt e o receive frames 1 00109] Frane
ey R PEa B Rt 0 Ry hher BF 28, e, B Fntiredd By Thshon

ar r angengiiedbCiuppbid hntich €2 hatyHel dagaed td 4 ?@iﬁ@@h&x@lﬂ Rdnof 5 hiagised filled
flexible container 10. In particular, the filling and drai nage operation

are faci $lid off egveaple spppogangmbsr2adnteghposl 29 0of @it 330e,4180.chamet 29her 10
t 002/ 035135
by Foot - et e b malt S URRAbO A oo oy RepBHH RIS £ I daldd 002 D23

and/ or degi.ned while franme 15 having flexible container 10 therein is
| ocated inside cart 290. Cassically, liquid filled flexible containers
are drained by gravity. Flexible containers are usually hung upsi de down or

at | eastdgogpd t OTARPILIurSc SR LEE 80 may also include a frame advancing
mechanism to advance frame 15 outside of interior 25 of temperature control unit 20,
which may be activated by a lever 23, as depicted in FIG. 5. For example, the frame
advancing mechanism may include movable support member 22 being advanced in
response to activation of lever 23. Thus, frame 15 may be easily moved from interior
25 of temperature control unit 20 to cart 290 through movement of moveable support
member 22 holding frame 15, when temperature control unit 20 and cart 290 are
located adjacent to each other. Cart 290 may have insulated walls for reducing heat
losses during storage or transportation of frame 15 holding one or more flexible
containers 10. In addition, for long term storage of the biopharmaceutical product
contained in flexible container 10, in either a liquid or a frozen state, a walk-in, a
chest or a cabinet chiller or freezer (not shown) can be equipped with rails or channel

supports (not shown) adapted to receive frames 15.

[00109] Frame 15 may secure flexible container 10 in a defined position. Such
arrangement facilitates the handling and transportation of liquid filled flexible
container 10. In particular, the filling and drainage operation are facilitated by the

self-standing position of flexible container 10 supported by frame 15, when supported
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drai nage. This operation may be unsafe and/or cunbersone due to wei ght
constraints, for exanple, for flexible containers with volunes higher than
10 literswo 20Bus7082t may be desirable to hold higher volperaSeantoasiners in
self-standing frames to facilitate drainage thereof. [00110] In another
enbodi nent of the present invention, a flexible container 350 for hol ding
bi ophar maceutical material therein may be adapted to be received in a
frame 360y fcwrt mfmlms t4.ngltbinetivdly dlesihi¢ eonizine:3B0mapbe Ated aidiet drainkd GS.

15-109. Fr n aleft de.37 i 380, a bottom
S e 300 it TR ine Beiif couphet | QeSin adbsrisd iblesRb i cont &, nor . 590
may i ncl @@@s@aﬁy RO 05 bl LRGN, Bl B iR O g o prof ect ons

or posts 420 projecting outward %T fromto rane 360 in a direction
subst ant Fefiteipers arpeselly hivag upsidd @aﬂéeasvmtedetn@eﬂmg htcompliee 380. Fl ange

405 may | e r ertu 10 di mensi gned recel ve one or
nor e posfiﬁ?ﬁfgg T% a|t1cr°r§I atpetlﬁlga 8F t;%rsoﬁg%ﬁ tﬁfi’ﬁmgj& i nserted

t hough t bensehigts) forrmmpwg @it bxitsle 4dflaiaad vadstdisheEOhdraNart fUJl&el%U pport

fl ange 405, and thus, .f]exible container 350 and an?/f contents therein. One

or nore lBWpitupay be denijablede haldHighes valymerroptaingry eselftréandingsfeaess too t op 400,

may be hipg ahahle toward flexible container 350, and may be
adapted to fr%&e%éfa\}%%gne olr) nore posts 420. Thus, when capture nmenber 430 is

rotated toward fl exi ble container 350 and posts 420 are received therein,
posts 42 provi de port to flexible contajner 350 in a vertical
directi ofpdﬁ%ﬂe cakﬁ H%ﬁ%ﬂ“ﬂ% ﬁgﬂ?ﬂr‘?ﬁﬁptblpf’elﬁ}onp? g%‘g](e CORBiNERent of
flange 49§ ﬂ;rhuc@efg pibshmt«,amar maefal Rer@irtthb £ 64 | hg@teg% B 'r@éewfeg ipgsts 420

and away fromtop 400 (e.g., a horizontal directi herefore, such
support fiameRe0 fmeﬂwp@éﬂngdlexéﬂ@ GWIWSDnzm ctﬂptct@blggiIGQ bi-180Rtamiener 350 and

vovi ng augy Y SRRt Sihe st R EhadBion e 1B Gi AL c ror

exanpl e. c¢r}QdtaBlk thlegoti dther. quatiBleRBhitaiheP 338 YA iBSulHE lHEE: A3angr nor e
ti e-down | oops 450 connectable to frane 15 via tie-down bosses 460 (FIG

19), on &Amextemayringiyde gpeor PAraRiPCEBS O3 POYR 4HIMOisiog 2r3sls5 385 of
right si 48,380 480 3r 82nR 6P th & a8l Wb 4G PortABMIr & 1eh&ld 3¥0de 370, for

and right side 380. Flange 405 may include one or more apertures 410 dimensioned
to receive one or more posts 420. Specifically, the one or more posts 420 may be
inserted though the one or more apertures 410 and post(s) 420 may thus support
flange 405, and thus, flexible container 350 and any contents therein. One or more
capture flanges or members 430 may further be attached to top 400, may be hingedly
rotatable toward flexible container 350, and may be adapted to receive one or more 5
posts 420. Thus, when capture member 430 is rotated toward flexible container 350
and posts 420 are received therein, posts 420 may provide support to flexible
container 350 in a vertical direction while capture member 430 may inhibit or prevent
movement of flange 405 of flexible container 350 in a direction parallel to posts 420
and away from top 400 (e.g., a horizontal direction). Therefore, such support in the
vertical direction may inhibit sagging of container 350 and such support in the
horizontal direction may inhibit container 350 from moving away from frame 360 and

being damaged by a foreign object, for example.

[00111] Flexible container 350 may also include one or more tie-down loops

450 connectable to frame 15 via tie-down bosses 460 (FIG. 19), on an exterior surface
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exanple. Left side 370 and/or right side 380 may al so include apertures 470
(FIGS. 15 and 19) to allow tie-down | oops 450 to pass therethrough for
at t achi ngwoaoed/s7eeown bosses 460. By connecting tie-dowTiuse@e/0d8065t 0

ti e-down bosses 460, flexible container 350 may be secured on its bottom
side portions, thus inhibiting flexible container 350 from novi ng away

fromfrane 360 and bei ng damaged or ruptured by a foreign object, for
exanpl e. 3§Dofright sides3$0 apd exiapiestedionsuface e showmofileft iddd7@der or nore ports
or conduj 5 - al ' [ cti of hio r uti cal
l'i qui ds %’%ﬁnﬁlﬁe?elﬁ ?lc:c]igiz’zg\gg!ri/a?gléﬁstesgd%i%p 53 %a(?;n% olrncg@? aB?rPlg#) t(gf(i§ T (not

shown) of5 fhdek9)ub ellowriteadsved 103p45(Refpaky the@throughHotattabhingfth @BRI0%HO may
i ncl ude gqt ra%%ent or .transparent portion 480 to allow a user to view a
| abel ( nBYSS&HRth)Bhronneridne iigravwalaopn+eGtofigdewn hassentqlhesiblet ent s of

f1exi bl e.Gonhdl SHemaphe séﬁl_?_ﬁg oﬁig%g)loﬂo a%?(? Qd%fé?ﬁsnﬂ'lug itih® adkibpched to

fl exi bl e contai ner °350. cou udle written®intormation, an
enmbeddedcanitainercdfi0fyoma nRFving awasinomh theme Hddindrbeg dahmged aniuptuned bpgnet i ¢ bar
code, for _exanple, Furthei, transparent portion 480 could further include
a fi bero%’lr?lgnggleﬁtef?reeé(a’éllp %r a waveguide, for exanple. Left side 370
and/or right side 380 nay also be forned to include one or nore foot
menbers 490 for maintaining frame 360 in an upright position. As will be
under st of¥919¢] t hos&lspk ﬂpx@g: qontairee 350 mayfiededeanetne myord 9orthenycopduits nt egr al

mmy 1 not b0t 8uBht pRtE et ol Pae i FRn iy 1O ner 350

when fl exdsbt @ite amt/ed a@lof 3bhteisor(Baehyt) ofMfldxiisiBERoRERer Y90 IReFErnE idout
fl exi bl e_cont ai ner 350 bei ng substantially filled with biopharnmaceuti cal

mat er i al FIGrdg- framg 3pHynay ieludea Hanghiceat erdtapapasenimetiand80do pllewiap| e

contain : lex] | ner 350, w thout
Vet bi ctsep APk Alahdn ot Hod Gher BBy b kG0 SRTR ARG D, 80 or
bot t om sflelebld@0ntanser A6 whendsutina Fbel orlifdicTbtis, attachedas flegiple @atainerf | exi bl e

cont ai ner_ 3 connected only to top 400. [00114]. 1n another enbodi nent of
the pres Sﬁ?ﬁ/léﬁ‘%]icBHl,d IQCIW%W“%WQWUOP% qrpRedded migechipaRon 610 and a

second PRAdshBRRe AH/SOAPLIEGr dnk: Q%%ﬂ@ﬁ@ﬁé%d@,rfor ElAmedrihepne another, as
2. By cti o} r, 25

depicted in FIGS. 20-2 conne ng to one anot her,
transparent portion 480 could further include a fiberoptic guide/reader or a

waveguide, for example. Left side 370 and/or right side 380 may also be formed to
include one or more foot members 490 for maintaining frame 360 in an upright
position. As will be understood by those skilled in the art, foot members 490 may be
integral to or connectable to left side 370 and/or right side 380.

[00113] Top 400 may include a handle 402 to allow a user to carry flexible
container 350, when flexible container 350 is received in frame 360, with or without
flexible container 350 being substantially filled with biopharmaceutical material. Top
400 may also be adapted to be connected to flexible container 350 to allow top 400 to
support flexible container 350, without flexible container 350 being connected to left
side 370 right side 380, or bottom side 390, as depicted in FIG. 11. Thus, a user may

carry flexible container 350 connected only to top 400.

[00114] In another embodiment of the present invention, a frame 600 may
include a first portion 610 and a second portion 620 adapted to be connected or

clamped to one another, as depicted in FIGS. 20-22. By connecting to one another,
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WO 2003/ 037082 PCT/ US2002/ 035135 first portion 610 and second portion 620
al so may secure flexible container 630 for hol ding biopharmaceuti cal

mat er i al swoheesbseween. Specifically, flexible contai necTadommgsiBacl ude
one or nore flanges 660 which are connectabl e between an interior surface
615 of first portion 610 and an interior surface 625 of second portion 620.
Fl anges ﬁGO may include one or nore apertures 665 for receiving posts 670
proj ect | HEt p?‘i%ﬁld]ﬁtaé Sefond petiopsd 28 absognaysseswi dlephle ¢camtaisa®30ifon er i or
surface 6 1] i . ope..of nore apertures
cor 1 ospond iy tigMeEha BRLL Y Mo A0 FOLEYED. SREHERL BOele s e 615

i nhi bi t s63tbmeyrendiudsf orfel camgee B66es 60 whidlsare toexifabe etideniangfiteBaP, when

flange 660.i s cei.ved bet n first portion 610 and second portion 620.
Thus 11 eWFBCE 61%8?5#28?3’6’@\(&@&9‘5 B I SBEfRsRza afispeond peritandi?0- 610 and
second pPlahi@6603Rasiietude BaE of MRS ertdfRdkBE FHSEldG BRI brolcdyiff Ov! ded to

fl exi bl e contai ner 630 bg first portion 610 and seg%%%%gort in
conj unct irem ipfetinr syséace $25 pOsecrrdiportibh 620 blnteristifacedil S@FGirstaprticet ai N i ts

shape dugq ]l her eof reduced saggi of flexible container may be
achi eved(?fd;lﬁaglﬂsé)l(i%ll&ee TS AR PPELES %g@é‘gﬁ’@r{?ﬁpﬁ%?]%f n an envel ope
of spaceredeilvinged poyts fo7a iR afediires[608 1d1Ebits hevdndng of MRG0 afR3Hudray i ncl ude
one or gre ports or conduits 635 to allowfilling or draining of

bi ophar ra@dbieiceatainer §39.g¢hesflapgh 60 isireasived hetwagadust ponian 6 hahdor out of an
interior 0 I: ! 0. .kl exi bl ontai ner 630 nmay
al so i ncslegglg& %&?gig%g(r) Ifrgﬁgeﬁ&é@ %B@g]@%ﬁéﬁ%afg%lﬁ?lfl :bg ee%gﬁs%tp(?rtforl?di cate to a
user the6lOcomntsecdrs! pdrtibh 630 fick tien Mterahaid/drGrertiaBfppBIE s Brobalb@ko Or i ndi cat or
IS attacftge%gbto flexi é‘ﬁ %ont ai ner_ 630, Also, a pivoting side 612 of first
portion lrsgnigimes B0 By fiEst portign|6dQ/and pecond pertion 6L@imesniestionaviter hang a
bot t om spales E7bA usf idghlc RO ki B ik ke j 30 is not
subst antsl? ally fi I.Iugd Wi tﬁ bi olp%g? rrac%ﬁ%g & rkr}g%)grl a?gﬁ%l%lstﬁgré? ows flexible
cont ai nardedd sageibg oéflexihdedntamenimaiyve achisval kndflexible rkshiamet 636 | exi bl e
cont ai ner._ 630 uring.filling thereof. After flexible container 630 is
subst ant & E?COI&?IPFQ%@HI{W%&S%HQP 65 fesd brdramng 600, any slack in

fl exi bl e contai ner 630 nmay be taken up and fl exi ble container 630 nay not
over hang bottom side 614. Thus, pivoting side 612 may be cl osed, when

f1 exi bl d903APhi nerFlexibly eontpines 63 may ingludd ¢ricat mane phrts diecdmidoihé3maceut i cal

mat eri al to ahgwﬁﬁﬁhg 6t dﬁilﬁr?é S%&%Egeﬁﬁggl lfcqlul%)é ioplo eP ﬁ(?&lc?llsl gregrases into

and/or out of an interior (not shown) of flexible container 630. Flexible container 630

may also include a tag or label 680 protruding from frame 600 to indicate to a user the
contents of flexible container 10, when such a label or indicator is attached to flexible
container 630. Also, a pivoting side 612 of first portion 610 may be openable to allow
flexible container 630 to overhang a bottom side 614 of first portion 610, when
flexible container 630 is not substantially filled with biopharmaceutical material. This
allows flexible container 630 to be extended to minimize slack or wrinkles in flexible
container 630, during filling thereof. After flexible container 630 is substantially
filled with biopharmaceutical material, any slack in flexible container 630 may be
taken up and flexible container 630 may not overhang bottom side 614. Thus,
pivoting side 612 may be closed, when flexible container 630 is substantially filled
with the biopharmaceutical material, to protect a bottom portion of flexible container

630 from contact with any external objects.
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630 fromcontact wth any external objects. 26 WD 2003/ 037082
PCT/ US2002/ 035135 [00116] In a further enbodi ment of the present
i nvent i orivoa0é3/msxiskl e contai ner 700 for hol di ng bi ophar magaistécabsiant eri al s
may include one or nore sleeves 710 for receiving a support nenber 720 for
supporting flexible container 700, as depicted in FIGS. 23-25.

be di nensioned to allow support nmenber 720

Specificgdé& sl eeves 710 may b . .

to pass 86111y dmafither Wéﬁdlmt oflipp presemrimisation, 20 exdlyle comhinde a
supporti ' I ortion 730. S grip
portion 2g%fdrrrgl§ kg%g F%P ﬁ@gﬁ%@tﬁ%é@ﬁ@? ’ﬁ?ag, G}F%B%{)%rg’ Y Sv?eﬁ'toet& of
gravity ofceivirexa bipportaminatien§20 T@Gupportieg flkidle doh&iee 70 RHepitRA ih S

subst ant ggé%y f%eldgd V}d tE g&lophar ceutical materials. Flexible container
700 may FrrredRFEalssteckst Gitgaybe dimasopehtortiow support exeamhsr e, when
f1 exi bl e7eppf & ' [ ' i eIl .

bi ophar naceutli?dggl%an%%g,rtihafs. u%?ﬁgﬁ#ﬂ%tu%gﬂgbgld%@r%&ﬂnﬁ%g%ﬁ’&p%oé’tl%apt ed to
hol d norad arianrceqoetidd B doider grippcatione 7307 08lso Azvipdertion @80 imayBeG. 25. Al so,

f I exi bl Lai 70 b i ved, i tect i 750,
e ot eatiRep et gt il ot e W0l O gt Mrdbsseniainet i 1 oam 1 1 ner

t o i nhi bivhe®FleBbRV@RAtaifh 908 i bbbl MRdafith bbb At Al 700. Al so,
protective cover 750 may be insulated to mali ntlaﬁﬂr?r %Feelﬁxll E]llgétglgéllts'ai ner 700

at a desFlesible eontainen 1W0anayhe qanded by ausesheldiuggriy petio 080,fay i ncl ude a

| abel 76 Myl . . {. esi te,the.contents of flexible
cont ai ne‘?X ;Iﬂgt‘l]}\%ﬁf?:ﬁ%lﬂr%g&%?%%r%oé)elg5‘%’3\%&%&5{ ﬁBngmtgiiSEEi?SS of protective
cover 75biopkraxicaitzal mawtialsn Surt&suppyrt ahehbelr 720 HAS b Rfamed tPRSdpPOrts or
conduits 705 to all.ow . bi opharmaceutical materials or other materials to be

i nser t ed™PFethan Ang fleyiblesoaigmer KR0.a8 depictef D FIG 25 A g fleitde coniaifeGs,  27- 28,
support @, : | | Lt | | e support
renber 750 Rapports Pl as BArE e R asate Bl R o€ Bs &1 TV e
wi th bi opivar B¢ mayiicdidermtienérdbam fliner exahipiter pSpestishocadd iyptugingiorst  end

722 of s t nbe 20 may be .pl aced top of suppor.ting frame 810 of
st or age ﬂ%&gfeé?@ggﬁﬁa sggb&sp oLaCHEe qoyst 8%165%’ ge ﬁ%??‘lf;‘f‘%iﬁgg@%n@mgs uppor t
menber 7@&ibRRYnRMeP06 8h &R0 RniRFANY. SURRG ke b5 ATROARD Mhy St Or age

unit 800. Supporti n(g) o
include a label 760, similar to label 110, to designate the contents of flexible container

700, which may protrude above a top surface 755 of protective cover 750. Flexible
container 700 may also include one or more ports or conduits 705 to allow
biopharmaceutical materials or other materials to be inserted therein or removed

therefrom.

[00117] As depicted in FIGS. 27-28, support member 720 may be received in a
storage unit 800, while support member 720 supports flexible container 700, which is
substantially filled with biopharmaceutical material, for example. Specifically, a first

~end 722 of support member 720 may be placed on top of a supporting frame 810 of
storage unit 800 and a bottom side 732 of grip portion 730 of support member 720
may be placed atop a second supporting frame 820 of storage unit 800. Supporting
frame 810 and second supporting frame 820 may include recessed portions 812 and
822, respectively, to receive support member 720. Thus, as is evident from FIG. 28,
supporting member 720 with flexible container 700 attached thereto may be easily
slid into storage unit 800. Also, the sides of recessed portions 812 and 822 may

inhibit movement of support member 720 along supporting frame 810 and second
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frame 810 and second supporting frame 820 may include recessed portions 812
and 822, respectively, to receive support nenber 720. Thus, as is evident
from FI GwPgpos/sosporti ng nmenber 720 with fl exi bl e cont Cmars200003#8% ached
thereto nmay be easily slid into storage unit 800. Al so, the sides of
recessed portions 812 and 822 may inhibit novenent of support menber 720
al ong supporting frane 810 and second 27 WO 2003/ 037082 PCT/ US2002/ 035135
suppor t i APRorEEaDe 820 s directionisabstaniigly asweadisylapierdengitusinedr to a

| ongi t udj - nH ' E r [, nt.ai.ned i n storage
uni t 800@%[}% Cugsﬁﬁédtrg@g%ie)ei%@?%@s %Errlg%ﬁg? grgg?r%??h%lggg(?v? %l}eg’ 840 bet ween
adj acent storameivinite800 ometyedlsreinslud? Adideas B4hbdrivtercaliiceat flbabeeenta@diacent

flexible tainers which mght resylt in damage to the flexible

cont ai nef éé) ?%’é‘hﬁ’é‘i Q?@Eacbﬁetfvﬁ ?‘{J aesht g?ﬁlél.e CPRAHENET WeiFh dghgreilt ia  support

nenber 9@8mbdd 6 theBdxibRi dohtaierd ReRBRY dr (HE enf<€ On a'.g@ﬁiei’g)?agn@e toe el ement
whi ch dto I'n an o

910 connected thereto, I's adapte e receive rest upon
second supeotimemberfA0QEIGAY) simiat thatpmurpmembenZ0harch@ied a ayeléreenter t i cal |y

i nserted to f. s ortin r 10 and,second supporting_ franme 820,
i nst ead 8?&5%Iflﬁ§te§fdfeﬁe%ggw 1011%%%‘%‘8@5836 feostyed B‘I.L@“Qtt‘?desaig‘g%ae%{g}%porti ng
frame 82@uppastideofiarhie! PPOEichBATREP PO 2RembEOSILRLy Bd (AL ih%tea%ﬁttggner s are

described herein as flexible containers, the ‘containers may be de of a
seni - r i gPEsUPRPBHIEATanq #1) apgd ssepndetuppoing fismet828, instead of IRingslid ewai - ri gi d

mat eri al e . tt?zm itself, whe ty and
when fil F‘g%\svr&ht%] a %?%(f) ar%g%u I g‘lltm%a eri %%.’ Q%fr?rgsl(pé)r%ﬁ Iélelgperg{?@h a
container could include a container simlar to a standard plastic m |k
jug. Contai s made . of uch simlar semi-rigid materials nmay benefit from
addi t i on@ﬁ%éi dit 3?@8%1 {heGoBpinci wa drvBhed kel % Ligible ¢mainsarips e.
Further, ¢4 8n6RMA! BrehsdoW¥el &ﬁﬁ-rf%ﬁﬁ 3 sikh a bglﬁla@].brfe Ohr #iTher 1 91 d
material, contain’outer surfaces i ch contact "t Re Pnterior surfaces
(e.g., h8untha scmisfigid npiteriad w)ayottain iteshepe andiorestandniprinl itseti whed@ngmy t hat t here
is direct,contact. b en.the coagled (e.qg., to a subzero tenperature) or
heat ed i ﬁ‘%dveq‘Eﬂ ﬁﬁ%%YVﬁg\gZ) mewgfﬁﬂé@agoﬁfl%?m |°tl% SHeh AFRIHRE out er
sur f acesc@fld idtgudebodtanesr sirhite b RtaRdarl i PRASHARGES! CoRaidTR RhdALS
Alternatively, the outer surfaces of the containers for holding the
bi ophar néitsbuimdan sepitigid mpterigsymaebanafitBomadditiphaltrigadity supplied by

attachment to a frame, for example. Further, the containers whether formed of a

flexible or semi-rigid material, contain outer surfaces which contact the interior

surfaces (e.g., heat transfer plates) of a temperature control unit 20 so that there is

direct contact between the cooled (e.g., to a subzero temperature) or heated interior

surfaces of temperature control unit 20 and the outer surfaces of the container

containing biopharmaceutical materials. Alternatively, the outer surfaces of the

containers for holding the biopharmaceutical materials may be in contact with air

flow in interior 25 of temperature control unit 20 to cause the cooling and/or heating

of the containers having the biopharmaceutical materials therein to cause the

temperature of the biopharmaceutical materials to be controlled.

[00119] The biopharmaceutical material in the flexible containers described
above may thus be cooled or otherwise thermoregulated in temperature control unit 20
(e.g., to a subzero temperature) . When such operation is completed, the flexible
containers may be removed from temperature control unit 20 by removing the flexible

containers and the frames, or other support structures which the flexible containers are
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flowin interior 25 of tenperature control unit 20 to cause the cooling
and/ or heating of the containers having the biopharnaceutical materials

t herei n twocaws748he tenperature of the bi ophar maceuti ealr/usate0BaEBS t o be
controlled. [00119] The biopharmaceutical material in the flexible

cont ai ners described above may thus be cool ed or otherw se thernoregul at ed
in tenperature control unit 20 (e.g., to a subzero tenperature) . Wen
such operegeived in er eoonpdted tod fortelremplee Xihb [fmmes onbthensrpportay be renoved from

t enper at yre .cant ral it 20. b enoving, the fl.exible  contajners and the
frames, ofucc?tlrﬁ%bo@%gg? %le’é‘g]'eu%’flfﬁ%%s Wﬁ?éﬁ Stored ip Iaé%gﬁl"]é‘(ﬁ&b?ﬁ §%F8 s are 28 WO
2003/ 03708R AiGlHHS2AP RhRoABR of BBERINKSAiveD(Ueo e {L@,dfot&)l@,é k. exanpl e.

The frames or other support structures holding the exi| nt ai ners nmay
be stored in a large chiller or freezer wth an interior air tenperature

bi ophar oGt cor A SRR RGP i SR R R8s bed above may
be renovaesctibedmiave hdy bensgiovedifrbimendion it¥rtédthefeiBy t&iMRORE pbffion Of t he
For exanple, as depicted in FIG 30, flexible

fl exible f@nt [ q)iés. ) : ) €

cont ai nef! BalextRceAniainersn ey Smpin es desictd i F1G. 86, figxible|cpnfaingr 630

bi ophar ; l condil £ 6 . J.e fra 600 such
that conurh caue eABER0 b th MU m ERREHiobn ine AN CHAR ISR, 1)

cont ai negoBBl GIapyabting Eraee 0D edctothat eondiiin G35 isateves & dbttorh Bake ofondui t 635

is slightl ow,the bottom of frame 600, as depicted.in FIG 31, or b
!turni Ing fr%gséogli?pﬁ?&geoc l%ﬁég@maé’\ﬁ?sﬁ’d’etel‘?@t’@ BV dpining fares sich,  as Y
depi ct edihaRcorfuf®6382s slibely BeReF the betbRl0e faRRicb %f&ﬁgﬁ%ﬁghﬁ% phgve may be

filled and/or_drained through simlarly nmanipulati rangs or support
st r uct ur B¥ turaingiiage G09aipsideslowatand eHawing, th¢ cotaLs toAlrippacddpigediness of

pr ocessi d/-er. preserykn .bi ophatr. utical ri i.s.described as
Fol | ous. i it RIRTERIS rfrin® PR e e sl ifeh 280 1 s
closed, tsowpdpiniiaty naniphEEng heXraisARRappRESHICHES toRHigK (R ard OF exanpl e
i quid bi opharmaceutical material, is inserted through conduit 120 into
f1exi bl e?¥sAEner 10. Flexible container 10, while held in frame 15, is
then inserted into tenperature control unit 20, as shown in FIGS. 5 and 6,
where t he bi opharnaceuti cal

[00121] A typical process of processing and/or preserving a biopharmaceutical

material is described as follows. Flexible container 10 is inserted into frame 15 and
top 280 is closed, as depicted in FIGS. 2-3. Biopharmaceutical material, for example
liquid biopharmaceutical material, is inserted through conduit 120 into flexible
container 10. Flexible container 10, while held in frame 15, is then inserted into
temperature control unit 20, as shown in FIGS. 5 and 6, where the biopharmaceutical
contents are frozen in a controlled manner (e.g., to negative 20 degrees Celsius or
below), for example, such that the freeze rate (including the dendritic freeze front
velocity from the sides of the container to the center) is controlled within upper and
lower limits, as described in U.S. Patent Application Serial No. 09/905,488, thus
preventing or inhibiting cryoconcentration of the biopharmaceutical material, thereby
preventing undesirable degradation of the biopharmaceutical material. After the
biopharmaceutical material in flexible container 10 is frozen, flexible container 10
may be removed from the temperature control unit 20 and placed in a large freezer,
for example, a walk-in freezer having an interior air temperature of about negative 20

degrees Celsius, as is typically present in large medical institutions (e.g., hospitals).
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contents are frozen in a controlled manner (e.g., to negative 20 degrees
Cel sius or below), for exanple, such that the freeze rate (including the
dendri ti cwbreexs7dszont velocity fromthe sides of the ®omts2e02033185t he
center) is controlled within upper and lower limts, as described in U S
Patent Application Serial No. 09/905, 488, thus preventing or inhibiting
cryoconc &H@él on f Lhe bl(g)phar maceutical material, thereby preventing
undesira gr ad tt‘i" eofvidams tosihasshkilied de the asbiromyberbaye degetripion t he

bi ophar mggg i f frozen fl exible
cont ai ner 1%!Eklsrr%|yco e Isegr%ggém 1gﬁ1ﬁagh§¥ecl%?lg ur%gzggr? 1% emlﬁﬁraft“rfo and

pl aced i ntherwise yulateeaelrstored hrthexam:)hmnna agdlekiblecdnt8ea€0. havi ng an

t t t 20, d Cel
ypi cal | SPRIESIN ApRbleiPgBingd dSU e Phetetioe b eme g6 and fasmibarep. 20 WO
2003/ 03788 7nsBled #R2RARARE 35ntrd AR 20]or Latdﬂ‘férlﬂllt énﬂle@Vﬁaa%@} orltRafefiOSe skil l'ed

in the art fromthe above description | 'exi bl’e container 350 (FIG
15) may Hiexdle c@t@lnm@rﬁ)t@l(ﬁrlﬁz)emydae I'ﬁCGBVEthII]fHHEﬁ&ﬂOEI’C mbpbawiise regul at ed

and stor he sa | e i ner peci f| cal ly,

f1exi bl eg‘g%t% Sh R& lé‘geﬁm rcoi 2&%‘1&@5{?@ %%“6&1%‘?{&5 $6% may  be
i nserted sﬂof’ﬁd(linh&ﬁaﬂe-ﬁlﬁﬁ‘dé&r CSiith[e@I ﬂ@hble%@nﬁfneﬁ7ﬁb£ (<} Qmmﬁffelc&% freezer
or heater. Flexible container 630 (FI G e received in frame 600,

it may h&WRPOrting memhereHOangd ditypan be msmtqﬁlp@mmp@ramwrmol unit2020, and

f1 exi bl e et er., Slmlarly,
flexible contrgj:lér%glé f%% ?@’%ﬂo%%ngﬁs cgr%@i%%& ffsaea%@%)g?mamer @ﬂ]@?‘ bi‘310 and it
may be i sioexdtied wallk-in freereer Btour thegosseritalesdtipition 20 will be &ntiepanddr@ess f or
heat i ng ﬁr cool.i ents. Al so, flexible container 700 may be

stored i &‘%F‘ﬂﬁg%mf %é%glilat npadifiatines Bakbemade isibe spedimexamples | | be
further yadebstRedn ARy tﬁé@éﬁs f%i‘iéérhﬁﬂuﬂgﬂgé Er%ﬂfi’c{dtfo} E%E%r 'éffeps 0”5 may be

made to the specific exanples escri ereln a

per f or mi nlgi/omomsmgdha‘bpplpmmswlcaignatémzéez| ng, and/or pr OCESSI ng t he

bi ophar maceutical material. [00123] Further, the above described flexible
containers may be renoved from a freezer or other systemfor storage of

the flexjdo13pont aFnghe, meqb@me@m&dtﬂw{b?@éorﬁéme@nﬁ@rverr%b% fr&fper at ure.
These flexi bl e containers having bi opharmaceutical rfaterial therein my

t hen be #&eesoyerioihar systegniar siorege afdhgrdexible centaivarsrapd canfentsfilmareof at

a controlled temperature. These flexible containers having biopharmaceutical
material therein may then be received in a controlled temperature control unit for
heating, melting, and/or thawing the biopharmaceutical material contained in the

flexible containers.

[00124] In another embodiment of the present invention, depicted in FIG. 33, a
system for cooling, preserving and storing biopharmaceutical materials is shown.
This system may include a sterile container such as a flexible container 1010 adapted
to contain the biopharmaceutical materials, configured to conform to a shape of an
interior of a temperature control unit 1020 ( e.g., a heat exchanger) and/or conform to
a shape of an interior of a support structure 1032 for storing the biopharmaceutical

materials.

[00125] Temperature control unit 1020 is configured to be operatively coupled
to a temperature regulating unit 1027 for controlling fluid flow through a conductive

medium, such as heat transfer plates 1040 of temperature control unit 1020 to control
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heating, nelting, and/or thaw ng the biopharmaceutical material contained
in the flexible containers. [00124] In another enbodi nent of the present

i nventi onwodegi/stesd in FIG 33, a systemfor cooling, pcgdseazngiand
storing biopharmaceutical materials is shown. This systemmay include a
sterile container such as a flexible container 1010 adapted to contain the
bi opharmgceutical materjals, configured to conformto a shape of an

i nt er i or MSFleEPeraMER P ingerios P2 Htheraef.t Axopgolie. 1§50 aHoweausexebangdr ) and/ or

conf or m §@npedut 3 ] ' suppart structure 1032 for storing
t he bi opharprracgllgtq ?@a{?ﬁn%ﬂewgtg %]ftg(gﬁ%ﬁngﬁ%%o rcg?{ﬁ?geo’tltbﬁf’? UCHYR t 1020 is
conf i gur sedivm, sectopeplates 1840 te catb G@ezii@orthbwifigefalenipleegt! ating unit 1027
for cont {)ol hi g% fl uifi fl ow t.hrough a conductive medium such as heat
t r ansf er "PPAEECTHF! Baterialiip pspifpmer sich as flexible contrgertl@1 @omhendt is 30 WO
2003/ 037 QR38rtddGhid a2 035 f I f i-nterLor 1025 thereof.
A control l er 1050 al fI?%ws aaﬁgfanpg{égn(&:g%ﬁ)éﬁhﬂtlg%@e?gﬁ?l er?@%‘ﬁ%ﬁ § unit
1027 to boeuplid thedeinperatimel sansoc@ot shogmdfochted ie oneligtliozs of medi um  such as
pl ates 1040 0 _cause fr ihng.,or thaw ng, for exanple, of
bi ophar rrgeén utd gglco%@ewt:ﬁébi %hﬁtW%WéFn%&ﬁYa@ lpgagsd on enccarnt ai ner 1010,
when it indre dfipgeed BGH0, FérQxbmpy] hﬁm&??&vﬂfe tEAPRGHAL Hefpgpnhr o unit 1020.
Controller 1050 may al so be coupled to a tenperature sensor (not shown)
| ocat ed PRtioHeRlq58rto fahitatst contrabefi temperetucoregniating niit 100200nd bemtdaper at ur e
sensor s . r f. plates 0, for exanple, and may
"B e RRAL S0l B OO0 iy SRbeelin PoBgRe 108 rhaeerireeli@iBont r o

provi de tenperature back To co of
t enper at nureber 691041488 dilechinily 1825001 Qo XAMIdEU. SOPatent HPREHALNE control

unit 1020 | escriped in co-owned U S. patent application nunber

09/ 905, 4@‘%@%»&&3%& May 32, 21 thegntirepoofsaple af whish iphereby ingprpioratat i on No.
09/ 863, 1¢8einfvI-ed:MRY 7R : | f gach of ich is hereby

i ncor por at ee% f},ﬁer]éi n by ?g@%ﬁggetgﬁsrﬁ%tc%%%% 1?ﬁntge %f%?%?f@lo&\é\@cri bed in the

af or enenaripbioaiivns zmdl fresatnigamd/or dravifiy eelziigg:salestrived tiavn@ay BE heidques

descri be.% therein i nction with the systens and net hods

, b d ' !
P egmuaeton Wgﬁlﬁﬁids%ts%%%aﬁa wﬁﬂ%@ghgﬁﬁ%’é&tﬁ%@g apdtlawiags of the

of freezi
present biopenhheuticARBAEAAIS 8f 1 prdsbf ifFHBYRN iSﬁeciﬁcally, the cryogenic

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.

[00126] Flexible container 1010 may be configured to conform to the shape of
interior 1025 of temperature control unit 1020. Specifically, flexible container 1010
may conform to interior 1025 such that any space or voids between flexible container
1010 and heat transfer plates 1040 might be reduced or prevented. For example,
flexible container 1010 when substantially filled may form a parallelepiped shape.
Further, flexible container 1010 may be configured such that it can conforms to
shapes of interiors other than that of interior 1025 such that any spaces or voids
between flexible container 1010 and heat transfer plates in such other shaped
containers might be reduced or prevented. Although the containers are described
herein as flexible containers, the containers 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 temperature control unit 1020. Preferably, the container whether formed of

a flexible or semi-rigid material, contains surfaces which contact the interior surfaces
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cool ers or heat exchangers described in these applications may be
configured to incorporate and/or receive the containers for storing

bi ophar newewvémbiosaat eri al s descri bed herein and any a®€oaiSatem3s13s
structures. [00126] Fl exible container 1010 may be configured to conformto
t he shape of interior 1025 of tenperature control unit 1020. Specifically,
flexible con&%iéner fIOJ]g ma% conformto interior 1025 such that any space
or voi ds b&t It frapsExplgies) lgamasrate controbunih d0Hbsx that thersfiedirgst at es” 1040

m ght be §a04aRHyQn 1Ré gcy(ﬁ?% @ql .hegg& iﬁf@gﬁ’g’% ng%ésgﬁsig%lg gesc chgtt} ai ner 1010 when

substantially filled nay ma para Sher, flexible

cont ai netenf@igurespniyel wohfidgthe edtes surthcehof the tomainecenaiRep to shapes of
an that.? interior 1025 such that any spaces or voids

interiorg. ohher tl"% f
bet ween PIOBRGIASeRLH MAfRtials1010 and heat transfer plates in such ot her
shaped containers m ght be reduced or prevented. Although the containers

are described herein as flexible containers, the containers nmay be made of
a sem - r (@7 at er fmpne exguytie, fiexiblé aintaingr 1060 weed stisstanially fUed, aycont ai ner
whi ch i s.shaped confarmtao t interigr of tenperature control unit
1020. Pr E%%d’;%frff/flﬁm e‘i%}?ﬂ’%i E@F%‘é‘f%’ﬂ“f r‘ﬂé%?yd%er}g%n?q Bxveidmgt seni -ri gi d
mat eri al seve@i biddiSofuaeAsIas M G paRbReIpetl RBageNhEddp e S5 31 WO
2003/ 037082 PCT/ US2002/ 035135 (e.pg&, hgelljte traﬂr?’sferépplzt e516§f§? enperature
control @l 37 popoesthernafneranpleiof agracse foc Emtrang flpablacentainee ] @dised ( or

heat ed | 1 r S f the ture control unit and
Che out eoerbd SRR BUORE SR Aot BERCarflaiolOm NP Eloh o S0t (o8
mat er i al SexipQbaAEindr are piaced anpitep afdteosidat @n GOMitiBhAFTIm1A18 M08 Fim

substantiglly filled, may orm a parall el epi ped shape. Flexible container
1010 matyiﬁeQ %BPLF@Ede@r\%P@P ga%l?e%"?’é%ﬁl Hisedgdbleatweest fikgmi K¥Siand to form the

paral I el gph @?fb.sﬁﬁﬂ%ngiﬁldﬂﬁ@%fdggﬁ &eﬁ{l)t to gég{ th@@&m%%ﬁ@gﬁgpcom hers. An

exanpl e of a process for formng exI bl'e cont al ner e%risct ed in
FI GS. 340f3be flaxibdpedntdineritsity fat e vieddihgnFéi éxamblel @5 dugree weetisfagg m t he

flexible_centaine ar | aced one op..an er gnd an_addjtional film 1115
andX:a fiP OrTflgé’eé’?eeenﬁﬁ%g‘Pgﬁ?eqlf’W a@&ﬁﬂg@é" ?}a‘g %@ﬁ]ogﬁgl fgﬁhllzqulsaé‘ﬁlt ed Ibet ween
film 110BamRerst ineldsledd Berféiatéd tb 82U dpUIaNRkoMehEaS ATRxBIESEt 0 seal the

four |ongitudinal corners
010. Flaps 1150 (FIG. 37) may be created by leaving a layer of film above the 45

degree welds. Also holes 1151 (FIG. 37) are made by die cutting in the flaps
followed by circular film welding, as is known by those skilled in the art.

[00128] In another example, a flexible container 1015 used as a container for
freezing, storing and thawing biopharmaceutical materials is depicted in FIG. 37. An
inlet port 1035 allows biopharmaceutical materials to be inserted into an interior (not
shown) of flexible container 1015 and to be removed therefrom. A tube (not shown in
FIG. 37) similar to that shown in FIG. 42 may be connected to the inlet port 1035
using a fitting placed within the inlet port. Fittings such as described in U.S. Patent
No. 6,186,932, may be used for the connection of such tubes. Also, fittings which can
maintain the sterility of the contents of the container or flexible container 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.
A rigid or semi-rigid holder 1200 having holes 1151 may be inserted through

slots 1210 in holder 1200. One or more pins 1153 may then be inserted through

holes 1151. Thus, a user may hold and carry flexible container 1015 and holder 1200
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of the flexible container using flat heat wel ding. For exanple, 45 degree
wel ds are performed between the inner bellows and top film 1105 and bottom
filmlliOwerdo3/@3r@asver se wel ds are perfornmed to seal tepTarsdodansiem faces
of flexible container 1010. Flaps 1150 (FIG 37) may be created by |eaving
a layer of filmabove the 45 degree welds. Al so holes 1151 (FIG 37) are
made by gie cutting in the flaps followed by circular filmwelding, as is
known by°Y R lgll?g@ efihelden 1780 aFer exapwi8pch of fanofldpsrl 166 amylcentai 4 | exi bl e
cont ai ne u -2l . freezin St.or i and t haw ng

bi ophar rr%%%gg ?%:'a?ﬁgrgﬁgrﬂ% g?%’%it@éeggﬂpllegxﬁ@ép %ar?ﬁlg?&egf\?"}r. Slﬁtﬁlaﬁ%f’%t port 1035

al | ows bhagdeat20fic eupinaahy baineértedl through bechi oT3ke Hrhdl&d ¢h Apokéd £6t0r (ot
shown) o{: fl exip?)él/Z container 1015 and to be renoved theréfrom A tube (not
shown i n"OFF*@m ﬁo%ﬁ Pins Grot shpwn) sraydiegseried tipegh a painafhades indhwect ed to the

i nl et pofihpsld3Rat t%iry'fﬂs Raf bt bdeddo Q@%ﬁgﬁh%%ﬂéglzfdaﬁ%;ﬂybfe&ﬂﬁg rt. Fttings

such as described in U S.7 Patent e'used for the
connect i emtaghersiidh t ubes. Al so, fittings which can maintain the sterility
of the contents of the container or flexible container may preferably be
used. The fittings may be configured in different shapes, such as straight

fittings[oondopr angli®dugh bihs RESpédiGeA HchtdhBEhtedRwi ws, if
desirog. " AQ?? id or sgém'l?lri i d" hol olagl(r’;'I 1200 hav%ﬁ%’ﬁ&lgggﬁgef%ng(g be

i nsert edbx hoseigifilled i the ant tipt flaxibls edataine2 1010 Gnanotdrer womteingi msy k453 may t hen

be inser : I 1, Thu a user hol d and carry flexible
cont ai neéﬁgd‘%lg{%ﬂ%%ﬁggﬁ%ﬁ%’ a%dzt%@@tbﬁﬁ?%‘ﬁ?gaé%“ﬁ&%ﬂﬁgggoz/ 035135 by a
handl e 1&ffainér 10dDde thelder 1P00 siklagRlatpsEacdth@ffadi@iing &lstRss rhdple MY
contain a _hole 1151. The four flaps are_insertable wthin each of the four

slots 124%90H 9189 eralthoyah the captaingsis dsecribed dereiiriat hiflowibln cenieinenfthe he two
hol es O%dﬁ%ﬂé‘qﬂ?}shﬁﬁde ofggeﬁgggmh&edagn%%ﬁ%eﬁﬁ% o) E;)Omay be inserted

through a pair o sint aps so V\DpIaS may be used to
support ¢dnetrhctladentaliR@Ovitich isiskaet ex cdriferm aotht aitagsr ckddBpdrAQi?@htdl t hough

pins are_s jficall ntioned herein, it will be understood by those
skilled li'r’rllpf(ﬁé) z;rprf’}ef%gfﬁ}[‘? SR EY "@Sﬁ?eéf%ﬂdfé ddlegolaproemerigichnt ai ner nmay be
used wi thaRfialcbitaib sBPARE WhidUntat e ifaior duhELesTERN feranGiEM T | NG Flexibl e
plates) of temperature control unit 1020 so that there is direct contact between the
cooled (or heated in a thawing process) surfaces of the temperature control unit and

the outer surfaces of the container containing biopharmaceutical materials.

[00130] Referring to FIGS. 38-42, a support structure such as a vessel 1060
may have an interior portion 1300 adapted to receive a container such as flexible
container 1010 and a top 1310 for covering interior 1300. Interior portion 1300 is
formed in a shape substantially similar to a container holding biopharmaceuticals,
such as sterile, flexible container 1010, when filled or when containing the
biopharmaceutical material. Thus, walls and/or bottom surface of interior portion
1300 may serve to support flexible container 1010, when flexible container 1010
containing biopharmaceuticals is inserted therein. Top 1310 may also include an
aperture 1320 to receive a conduit or tube 1330 for filling and/or emptying flexible
container 1010 therethrough, and through an inlet port of flexible container 1010 (not
shown), as depicted in FIGS. 41-42. Aperture 1320 may include a filter (not shown)

to filter any biopharmaceutical material. Flexible container 1010 in vessel 1060 may
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contai ner 1010 to the holder 1200 such as cl anps, or other fastening
systens may be used. Moreover, although the container is described herein
as a fl exwbl2eo3osmnisai ner, the container nmay be nade of &CTarseemiogiids
material. Such material nay be used to construct a container which is
shaped to conformto the interior of tenperature control wunit 1020.
Preferably, the conéal ner whether forned of a flexible or sem-rigid

mat eri al as‘&éﬁ?’é‘?ﬁ% viPraiag yestal H00aumaids downisad pHewingdhe eantdnitios (e.g., heat
transferg.,p ates) of tenperature control unit 1020 so that there is direct
cont act betmeen the cooled (or heated in a thaw ng process) surfaces of
the tenperature control unit and the outer surfaces of the container

cont ai ni i phar materi al s 00130] Referring to FIGS. 38-42, a
support Qﬁ@éi ure L at}\Véos@%Y ref%’eaLﬁ’&*P%éf\?EleaﬂethWP@m%ort| on 1300

adapted (@0 en@ﬂeenﬂ %Qfﬁ&ﬁemm%ﬁ&;hb@ﬁué ainer 1010 and a top
1310 for covering |1n'?er| olr I'nt eri éir‘qgg‘ﬂe%%@ é Ois fornmed in a

shape sublgpharmaawtgﬁalsmmetldrbefme dlesibi (amltﬁenerki@[lellsrt@nbfenpdaas maceuti cal s,

such as rile er en filled when con alnlng
the bi op Sl cohf Rurigef . gﬁ&sh%\ﬁ?’?l@] CERRABFT BaY {5 e aPPaN

interi orfr@@rﬁemmoa@ﬂﬁi B A SE0 tembSatikPRMio]l Ihie X0 R sHOWh 3 PRE. 3%010 when
fl exi bl e cont ai ner 1010 cont ai ni ng bi opharmaceuticals 1's i nsertéd therein.

Top 1310Whergindhe 609ling anddregang mpsracare Aftache biopkarmaantisalooatdualtis or t ube

1330 f | 010t her et h h, and
tir ough S bar Geke SDRRMCIEE bPb o O Rbr PR oe dopi ot oo
in Fl GS. regilated. (e/gpemavwdmrﬂﬁewmwysnuamf UoiED ia témpér@thre(mhosﬁﬁwmzo to filter

any biop argpceutlcal ﬁgﬁ Fl exi bl e contai ner 1010 in vessel 1060 may
33 W0 2 FoRsinset) \igsan ?m@?%m wsed 180, éﬁ&ﬁ&wl%w@aﬁ@lrhoﬁg vessel 1060
upsi de dﬂ‘é)@b@ﬂﬂuﬁa‘téd‘%‘aﬂgwtﬂﬁ e}ﬁﬂ?PSﬁ'B LA Bhdiner | ?glo 1060, thus,
may recelve an enpty, ster eX| e cont al ner exibl e

cont ai newtilization phihe théohintnhasduticiahniateial. 1 BAG, ini drfe errﬁjodmhmit ﬁﬁdxetxysteml mat eri al

1020 (F14PH B RREST) LRbuT SHE ARt s ihe PR ORO YUt ORah vessel
1060 andcapkAf@Gubiida seilBEIeR I SorftARsr 10110 ¢hinbridl2R: ASuishawaskh FIG 33,

depicted in FIGS. 38-42. However, if desired, vessel 1060 may not be insulated.

Vessel 1060 may be constructed to efficiently be placed in a walk-in freezer or other

structure for maintaining the biopharmaceutical material and flexible container 1010

in a frozen state or at an otherwise desirable temperature. Further, vessel 1060 may

be adapted to receive a label or a tag 1340 which may include written information

and/or an electronic or magnetic bar code for indication of the contents thereof to

facilitate identification, tracking, and characterization of the contents thereof. The use

of tag 1340 may thus simplify management of materials stored in vessel 1060 when it

is stored in a large freezer containing other vessels which may appear similar thereto.

For example, the freezer may be a walk-in freezer having an interior air temperature

of about negative 20 degrees Celsius. In another example, flexible container 1010

may be placed in a separate rigid container (not shown), for example, an anodized

aluminum container tapered to receive flexible container 1010 and configured to be

placed into vessel 1060 and temperature control unit 1020 (FIG. 33) for freezing

and/or thawing of the contents of flexible container 1010. The rigid container may be

made of thermally conductive material and constructed to be stored in a large freezer

when filled with biopharmaceutical material.
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wherein the cooling and freezing may occur. After the biopharnaceuti cal
material is frozen (e.g., to negative 20 degrees Celsius or below) or its
t enper at LWe 200318res2se regul ated (e.g., thawed) in fl exiPbirasseantoaimer 1010
in tenmperature control unit 1020, flexible container 1010 may be returned
to vessel 1060, for exanple. Vessel 1060 nmay be insulated to allow
transportation of flexible container 1010 to a |ocation for wutilization of
t he bi opharmaceutical material. Thus, in one enbodi ment of the system

depi ct edygd G 3 r Uded" for receiving, sporting and
storing E\omcdc?r]t ai ng@?ﬁ@ ggvggsélt eri |n§ay1}‘?°§xﬂ% & é:rolﬁ&aei @&eig%%p%%rrpri ses

t he i nsullegietdd weEKeS. 38di2piTicanbtdhes FbXZare 38nAgredoWeNEe i f desired, vessel

1060 may _not be [nsul ated. . Vessel 1060 nay he constructed to efficiently
be pl acearq]‘??tlﬁn%\/gfﬁo-w Cﬁf@el?%qie 0 theriap cover pfjthe yewsel HOO0raVReme ni ng t he

bi ophar et bGahlat® & thaleaad ddoe s ST L: zen state
or at agﬁ%t her w i;g desi ralgF% tedrrpé%rﬂgg):rﬁg.&ﬁﬁgraltlﬁ‘grf?&gégtgg IH§§Eéﬁegny be
adapt ed vesselawetop of andthdyelessst. Bhe jrgjetBds 18100 a battoinnekastl mawfit tiiten

i nf or nat j,0n nd n_.electronic or. nagnet i ar code fqr_jndication of

e cont IRt @RET 4 Rl FGhe BPcin 8t n JERETSuickad Phes Brson T Oad

char act egdwveabf 0@ eaéh V3610080 @fﬁl?rsal%%h%{ a hdida39¢ lSr ?—t%%r()ﬁ%%eg%%éguwy t hus
n i

sinplify managenent of materjals stored in vesse I's stored
in a | ar e aftreel3B0 wenewasdioribe eatizinenasiietible whnteinent60appeaplasidni | ar

t her et o. , zer . may be k-in freezer having an
interi orthgﬁegﬁrfgé}ggg%@uar%%g{ﬂaalg%gstdeﬁ’ég%‘flin\}ﬂdg%idegrees Cel sius. I n another
exanpl e, flexible container 1010 nay be placed in a separate rigid

cont ai ne{;p(l%%i shown), for exanple, an _anodi zed al um num container tapered
to recei xi bl & gwtheaembpdineeng ofihg inventipry speRert Hrusture p03ell i nto vessel

1060 andri®Beha b & 1O ﬂfriffnot#fl aufalc{")a]blje%gtaéx{:elr Ghend 2511%&% 11%5@ GG aRARd/ O

t hawi ng of the contents o exi bl'e cont al ner e rigid contai ner may
be madeadsptedie reneiveyflextric catthiner HHOasuclahs thaidlepivist inRIGed3 tathbe stored in a

| f fill i th biqph tical ial . 34 WO
20031 0375 e R gd by gk n G083 -he A ol 0 Fesces adabied ray
contai N e With Fe4s6l TUBO TGS 3R a3 8-41E Ry ﬁ&ﬁ@io%aﬂ' &k@kﬁmé%—s lﬂ%pict-gagn not ches

1324 are_configured to receive projections 131 iIch are |l ocated on the

t op coveFl@Y. 48HY, yherin topdgd0 atoml420 of vessel 1400 include
projections 1422 and projections 1310, respectively. Vessel 1060 and crate 1400
include receiving ports 1424 and 1314, respectively, to receive the projections, thus
allowing stacking of crate 1400 and/or vessel 1060. Crate 1400 (FIGS. 43-47) and/or
vessel 1060 (FIGS. 38-42) might be formed of an expanded polystyrene, for example
a STYROFOAM type material, a rigid polyurethane (closed cell), polyethylene, or
other suitable engineering materials, including composites, for example. Further,
crate 1400 and vessel 1060 may be formed via injection-molding, extrusion blow
molding, or injection blow molding, for example. As depicted in FIG. 47, crate 1400
may be foldable or collapsible to allow storage thereof in a less voluminous manner.
As such a collapsible crate 1400 and/or vessel 1060 may also be formed, for example,
of polycarbonate, polysulfone, polyethylene, or other suitable engineering materials,
including composites, for example. Such a foldable collapsible crate 1400 may also

be formed via injection-molding, or machining and assembly of component parts

thereof.
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top 1312 is placed on the vessel 1060, the projections allow for the

stacki ng of one vessel on top of another vessel. The projections 1310 of a
bott om veseeboymsyoskit into the notches 1324 | ocated at PChashakiesmdf a
vessel stacked on top thereof. The top cover of the each vessel 1060 nmay
al so contain a hole 1320 or other passage to allow for a tube 1330

connect ei 1(;3‘{ he container on f|exible container 1060, to be placed

t her et hr Qné; Isuch a2 dwtasr gmbadinggmt P&the@pqseméavqnﬁom afemppratyrggomtzyl | n

anot her f FIG 33 may
be in the or m 1&{1 #é(}?gﬁ‘%\‘ﬁ%ﬁ{%?ﬁgﬁlﬁgﬁgﬁ& a crlg[lg f%p%fzﬁel%h is al so
adapt ed phiraléyeif Gexibleconitdigers dfit Badapted 16 m@ltaummmmuummmm asn FIG 33

within interior 10, .as.depicted in FIGS., 43-46. Al so, crate 1400
may be adspicied i ik 4%%%@%%% indsrior ggpopL 5#5 &gy ingdude g phiradity of o

addi t i OnﬁleatQ{ﬁEﬁﬁPlJafEQQSQ@ 5800 ﬁ%mmpaa%e oﬁénéc?ﬁﬂéeéaﬂé Sbitain@R 1310 and a

top 1420 of vesse I ncl ude projections 1422 and projections 1310,
respecti vdély. TMBB@eﬂurel@Bmménmt(lﬁ@ﬁscmupledtthundmuﬂem@watmgmrlﬁ.@;o1424 and

1314, re ectlvel to recei ections hus n acki ng of
crate 14 rﬁ%lfltbl? 8’%’8&31“%%%? i?%d‘fb&?f ntﬁ‘PE%a%”ﬁ%re@‘i‘ atl&ﬁ&?’égﬁ(ﬁ/@ssel 1060
(FI'GS.  33oAkaldditght controfler IR0, plogiiBaie Qﬂsd?obbﬁ’ér}dﬂ&nl%%fn@i &xpnple a
STYROFOAM type material, a rigid polyurethane (closed cell), poI yet hyl ene,

or ot hebespupledioonsrajinese mpREraaresensars (nof sheminilerptaddmens ot ms)re ofor
exanpl e. nﬁgﬁ{){}%monscﬁﬁlbgsé‘lgg D Y&RS ?plegtgsfs ng ?P];cq{

i njection-no g, ext an Blow ol nje I'on owm)ldlng for

exanpl e. tAspdeniceasbrs regatdig ﬂlz,terﬁpaatarel&(iﬂtenﬁﬁyorbens‘ ml@abéﬁalmw col | apsi bl e
to all ow storfge thereof in a |ess v?l um nous manner. such

col | apsi 5PRirRljead 840 ipgponeragrwateleeandiol thedempeiytueg elgnisaior Bﬁ’lﬁlﬁﬂs 15]& exanpl e,
of Pol e 4ranal BokrsbeRE mpekyio byl AEEDIby@IAr) ShLaRl ignoT neer | ng

materials, | nc g conposites exanpl e col | apsi bl e
crate 14ﬁlﬂemmypcmﬂ1m15b@ cbutainettie biophamiagetticehmatstidi. ng, or nachi ni ng and
assenbly of conponent parts thereof. 35 WO 2003/037082 PCT/ US2002/ 035135
[00134] In a further enbodiment of the present invention, a tenperature

(i g% r ?Ior [9%11365']\%?28 Agﬁmpembl@%n@owmou t ImAbr o8RRI MpIREEAI RG] 49, portions
may be adapted to receive or may include a rigid supporting plate 1550 which may be
oriented to form a tapered interior 1511, as depicted in FIG. 49. Support plate 1550
may be configured to receive one or more top plates 1200 connected to flexible
container 1516. Heat transfer plates 1521 within temperature control unit 1501 may
be oriented to form a tapered slot. Support plate 1550 may be formed of
polycarbonate, polysulfone or polyethylene via injection-molding or machining, for
example, as will be evident to those skilled in the art. Also, top plate 1200 may have
notches 1518 adapted to engage receiving notches 1562 of a receiving portion 1560 of
rigid supporting plate 1550. Thus, flexible containers 1516 may be inserted into one
of interior portions 1511 of temperature control unit 1501 thus engaging top plate
1200 with rigid support plate 1550. Flexible container 1516 may thereby be
supported in temperature control unit 1501 for heating or cooling of the
biopharmaceutical material therein, as depicted in FIG. 50. It may be possible, as
depicted in FIG. 51, to construct a container for holding the biopharmaceutical
material as the combination of a flexible container 1570 integrally formed with a rigid
or semi-rigid top plate 1571 so that flexible container 1570 and top plate 1571 are

formed as a single unit.
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plurality of flexible containers 1515 adapted to contain bi opharnaceuti cal
material, as depicted in FIG 48. Each receiving interior portion 1510 nmay
i ncl ude awpl2003i3768g of heat transfer plates 1520 for r@eguEsRimy3a3s
tenperature of one of flexible containers 1515. Tenperature control unit
1500 is coupled to a tenperature regulating unit 1530 for regulating
tenperatures of plates 1520 wherein tenperature regulating unit 1530 is
controlled by a controller 1540, programrable by a user. Controller 1540
may al so oupl 0. d r nsor.s. (n shown) | ocated
in one o[‘Odrqr?re E of ?lft?\$'§r2i %Mredeg%?tt%? %ﬁg}%[eﬁﬁgﬁ?ﬁ@ﬁ%gg@m ]F%%)r e of plates
1520) . Femgipatkithaaelltohen interigeroation 113 @fiaassperigss ¢bnhgl tkie141@nper at ur e of

cont 1o RSt sasae 600 ghel i s fbiciop eneidhpclugshalenibione .
bi ophar naggtits #dcelRiRbfedlionsI88D chhfeXiclSa (ﬁ“fl&?fﬁologf]témpgrﬁt%} ved in

interior portions 1510 contain the biopharnmaceutical mater e[00135] A
t enper at equsrot wait { 610. udples 1640 may beraligned tvatht prajecdensi IS8 dvlien flekiBle 48, may be

adapted fo.receiyve or may. include a rigid s in | at e 1550 which may
e "or 1 eULIREFOPds fse R ipkt Garbfiede potol s 60 e i i 6.
Suppor t  gnddiger1560 to fRYpREOIE P60, glqﬁﬁﬁlp%&t bB@R! 1630 QP EleLbldBhRidPP Pl ates
1200 connected to flexible container 1516. Heat transfer plates 1521

wi t hin t K9P atngeially yaefpbwhemflexibisgontaimpr 169 is brinatfidlgd vin droapertaret aper ed
slot. Su r: . of car bonate,.. pol ysul fone or
pol yet hy enelh\t/(lgﬂa%% %%fe%aﬂ%?é%ﬁﬁp%rgfdgﬁfjb e SF%?%%? m[sgapce ﬁ%ﬁ%l%ﬁ,{taﬁ? w il be
evi dent 1@)0tdves gotsyet bomtdini biopHaemadeuticalieerial Qthphatstle 24l dFpytdave not ches
1518 adaﬁélgd to en%gge rec?i Vi ng not ches 1562 of a receiving portion 1560

of rigi tP .S SrpsTAYTGsontRol usit 4610may supppglexible eqsiaingi&08 andthe may be

i nsert edednidn® BBR0f OhisoNi SLdQF jﬁﬂ?ﬁ -1 of e r ol unit
1501 t hus ner?gag_i na topS p ateS (lllgt(c))g(i)lhvm r%ﬁé%ﬁ@gﬁ%%{)@ﬁ%ﬁégtlgoqg%ﬁg Fl exi bl e
cont ai nefranbpdréationyor ré@iatby tdpeperaueptnagedhémof maparchtdapeojeaivns ol unit 1501

for heati.ng or coolin f..the Dbi.oph eytical material therein, as

depi ct eGSIP’glaﬁO@rOJSEPOl%tﬁr?ﬁf“b@%%%@ %atilg?’feégmﬁg’p?‘@l’_@ﬁ t(i’lfhiqfﬁ)@.f 51, to

const r ucflexdble @BitaineL 1 600 ToPpSHINY 18IEmb} BPRalpResuld Galls 168t gri al as the
conbi nation of a flexible container 1570 integrally formed wth a rigid or

sem - ri gflekiblegoppimer 16007 as depietadin FlGe 26 bb wilt batadangpod By thoamskilap pl at e
1571 aremtflé)med as a single unit.

[00137] Another example of a system for freezing, thawing, storage and
preservation of a biopharmaceutical material is depicted in FIG. 55. Containers 1700,
with biopharmaceutical materials therein with a top plate either integral or removable
attached thereto, as previously described, are adapted to engage receiving portions
1710 of a flexible container support structure 1720. Specifically, containers 1700
include top portions 1705 having notches 1707 which may be vertically inserted into
notches 1712 of receiving portions 1710 thus supporting containers 1700. Container
1700 may be filled with biopharmaceutical material through apertures 1709 while
they are engaged with support structure 1720. When filled, containers 1700 and
supporting structure 1720 may be located such that containers 1700 are inserted into
temperature control units 1800, as depicted in FIG. 55. The biopharmaceutical
material in one or more of containers 1700 may thus be cooled or otherwise regulated

in temperature control unit 1800 (e.g., frozen at negative 20 degrees Celsius or

below). When such operation is completed, containers 1700 may be removed from
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36 WD 2003/ 037082 PCT/ US2002/ 035135 [00136] FIGS. 52-54 depict another
exanple of a flexible container 1600 engaged with a cell or an interior
porti on IM0O20af032082enperature control unit 1610. Fl exi lpcag/useomassiegs 1600
includes a flexible top 1630 which includes holes 1640 adapted to receive
proj ections 1650 connected to a top portion 1660 of tenperature control
unit 1610. Hol es 1640 nmay be aligned with projections 1650 when flexible
cont ai nefeRStRtiE copelymagl §0Rhy rempyiag sernost SRt 730 far examplet © secur e

flexible i 6 i\0 ' or f _top 1630 of

f 1 exi bl ev%sgﬁggfeﬂn%rgm 'Ggge ?%Séelgg(g%?gﬁ)y&u%%qun%gﬁlaiéjéé%ogélé%crgﬁ?lg? ner 1600
i s bei ngsuppbttetiuetuee Ei2Oapey e seredlio @3args fitcoper WaB0aroihtdidoexir bl € cont ai ner
1600, be%ause i n %hhs i nstan ({Iexi | e. contai ner, 1600 does not yet

contai n BIESHAEREL ADPT gRathgrdegices Leliusn £Qr eXpmBlenal |'s or plates 1615 of
tenperature control unit 1610 may support flexible container 1600 and the
contents_thereof. Also, a vessel (not shown) for storing flexible container
1600 dur [0 38] r anspopther exampde of eprobess dor fremjng; thawine, stocingged t her eof may

i ncl ude i Lon imlar .to projectigns 1 for_.engaging with holes
1640 to E%;g)éﬁgl?%b c@%‘a%gﬁuﬁ?al nﬁt%i?? ifl%s‘gﬁ?‘?ﬁé‘ﬁ %@?"“.’LSG%‘?XI p portion 1630 may
be wel deebnltfin&i 1da 0Wednksé&rtcbidk S@%porf kieehbt  0SD(HIG. BSY subRAPveRS 196Q1 cted in
FIG 55 as will be understood by those skilled in the art. [00137] Another

exanpl e GHG]- 38,42hbandrtep 18 L @ isAlergd thereom aydenicted igdGondl apd é2er vati on of a

bi ophar LinGR i i ! i . ntainers 1700, wth
bi ophar %@gtl ca}eut%¥ g{a}.‘egialsis? ﬂ%ﬁg(? n @m%hhdbgﬁtng& 3253{1@5@{%r i ntegral or
r enpvabl endait tlashado flegibkt @ntadser 00 BV i Blesible dhastndriodo ivhen rRdarted to engage

receivin ortion 1710 of a flexible contajner support structure 1720.
Speci fi c’g?lgﬂesst?gﬁ%g ﬁéﬁ@swwtoitW%ﬂBret%trﬁbmﬁ ), a7g9BWIERi ng not ches

1707 whi gje;, mBY ThE py§fhhbkalelicdl @&ﬁéﬁt?greirffslfz%} ng}f@ggat%ur% %&&mqg%g%gg;i be

portions 1710 thus supporting containe al ner
filled wintarcopirobedhmanoeufor esdmplessech that therfreghraapmrconiraliedivi@@nwhi | e t hey

o ST 1 SRR S LUSLG 720 VSR S SO0 B8 100 a0
L Ing g [1 ; ?‘drrtllaltéﬂlﬁjlf[éivilgfi@lﬁriﬁlﬁiﬁftﬁlg(é%cbfkienﬂﬁﬁdrﬁof]tﬁé)Qiopﬁ&nﬁ@&ltfcﬁﬁﬁaﬂeﬂal',:I G 55. The

thereby preventing undesirable degradation of the biopharmaceutical material. After

the biopharmaceutical material in flexible container 1010 is frozen, flexible container

1010 may be removed from the temperature control unit 1020 and reinserted into

vessel 1060 which may then be placed in a large freezer, for example, a walk-in

freezer having an interior air temperature of about negative 20 degrees Celsius, as is

typically present in large medical institutions (e.g., hospitals). It will be evident to

those skilled in the art from the above description that the contents of flexible

container 1516 (FIG. 49) may be frozen or its temperature regulated in temperature

control unit 1500 and it may be stored in vessel 1060 (FIGS. 38-42). Further, the

contents of flexible container 1600 (FIG. 52) may be frozen in temperature control

unit 1610 utilizing plate 1615 and flexible container support holder 1720, and flexible

container 1615 may be stored in a vessel adapted to receive flexible container

support 1720. It will be further understood by those skilled in the art that

modifications may be made to the specific examples described herein and the steps

for performing the method for preserving the biopharmaceutical material.
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material in one or nore of containers 1700 may thus be cool ed or otherw se
regulated in tenperature control unit 1800 (e.g., frozen at negative 20
degrees CGab=0es030082 bel ow). When such operation is conplPeras20o8i1a$ ner s
1700 may be renoved from 37 WO 2003/ 037082 PCT/ US2002/ 035135 tenperature
control unit 1800 by renoving support structure 1720, for exanple, to a

vessel h& shown). The vessel (not shownL or other container |arge enough
to recei %Q]pportFr@tlrth&QhﬂVé diSFZIQthliim'yWﬁ bespsieeoddioane skiffed frtbezer wit h

an inter Qut t degr ees. Oel i.us, for
exanp! o, " aud 4l ABRI LR A ARA neRER R Y8 A S R E5F iR ng.
storing é&nthes,Ht@Eses Vhitsy s@poah&naafem&ampd)rtaﬁ@mrembs itémptesard ddatons fol | ows.
Fl exi bl e coni\gl ner. 1010 is mseg} ed into su port structure 1032 (FIG 33)
such as at £FERANZEEs; Yesselagnd/oy PEISESSOE tatigus shappsprsipes-hBydhss, as

depi cted dg Fgglc ted

t hrough g%gﬁﬁgsi%lgémgﬁd L@%Pglﬁﬁi{u&con uit %%%%}hto %t?(]!ebogtr{):o ai ner 1010.
Fl exi bl e vesselsaandérr pl@dﬁ@sorsmalyéa adgrol/edecdivoflesiblssehtaiRfibfantdounser t ed into

t t t.r ol t .1020, a hown in FI he bi ophar naceut i cal
com ont o SapeS PTiESn THSS BARED weSPls CoNDpOT StHnires 59 be AL GRIaI | o

manner, bPEhoRkRR k®ragtiihd Nakible IaGntfafn%%zc%nfa%ﬂlﬁ%‘gﬁ)ﬂaﬁﬁﬂ{aﬁéﬂdcﬁpmﬁ‘ﬂequls upper

andlovver limts, as described in U S. Patent ication Serla

09/ 905, 488liquid hnﬁomnest@tm ¢rrtga>obe ddaniedite tralgsportyb@ﬂcmbhtcpatalmrs of the

bi ophar C | rabI e d radati on of
t he bi opha OrTg% néf}fl?}%% ?%UF ialé{leg élrll? %‘n‘q’ga? terial in

f1 exi bl esterpeainiisved&ld) of Grakspoi@ivn devies ﬁia? b@@ﬁﬁuﬂ’dtétﬁtro ana;%ﬁe ﬁﬁyelia@ removed
fromthe tenperature control unit 1020 and reinserted into vessel 1060

whi ch rmaiP RS #e givertemnerptyre fefragerotonged Beriod ftinas afisthermereyiiese i n
freezer ti degrees
Col o1 v, EbMELoRRnG Hianll, Ao b EIREBAI S cllref RAborRER R ey o
hospi t al Byat ekd:hamgd:ﬂs del/@\irdeentord may bbadaptakfor heitizdtiontwieth @aterifls othek he above
description.t t he c tents of fl XI ble contai.ner 1516 (FIG 49) may be
frozen offpp op[ah@%%qe&p &GRS aFtl’é?& b e SFAES SATRIRCTS CHRPTHPITUSHITES, 1500 and
it may b@es%élgr&q*rdnﬁbs\&ﬁ? Flcg?ﬁ%d(\x‘:{h%ﬂoﬁ&rﬁ@portﬁﬂé&laﬁﬁms t{ign a£ONt €Nt S Of

fl exi bl e contai ner 160 2) may be frozZzen in tenperature control
wheels, glides, sliders, dry-ice storage compartments or other devices to facilitate

transport and organization thereof.

[00140] While the invention has been depicted and described in detail herein, it
will be apparent to those skilled in the relevant art that various modifications,
additions, substitutions and the like can be made without departing from the spirit of
the invention and these are therefore considered to be within the scope of the

invention as defined in the following claims.
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unit 1610 utilizing plate 1615 and fl exi bl e contai ner support hol der 1720,
and flexible container 1615 may be stored in a vessel adapted to receive
fl exi bl e worb@/aseos2support 1720. It will be further undecstusee2oysidhose
skilled in the art that nodifications my be nmade to the specific exanples
descri bed herein and the steps for performng the nethod for preserving

t he bi opharnaceutical material. 38 WO 2003/ 037082 PCT/ US2002/ 035135

[ 00139] Y% he above description, it will be understood to one skilled in
the art that the flexible containers described herein nay be adapted for
use in containers, franes, storage units, support structures,

transport ati od. devik esjtainemfpefredzing swoing nod thawihg & biopRamacxairanger s,

vessel s, _and/ or _processars.of various shapes or sizes. Further, the
frames, Ei?ﬁf‘rrifi lglfl) lss‘iﬁf)‘ﬁ?ﬁi’tle 4 PPPRRE g@,neh%é«? CEIRASHTgEISISINge nper at ur e
control unit, a_rﬂﬁgﬁﬁlagapt@@gjr@geiw&g@mgﬁnd@wi&?@ﬁ%@f g.]grethgforrecel ve

flexible containers of various shapes or sizes. e tranmes, vessels, or
support &eezisg.stangray thaviagesmded for long or short termstorage of the

fl exi bl e contaijiers containi. i ophar ppceut i cal terjals in liquid or
frozen state, agﬁnﬁ%&o@«l\e@aﬁﬁ@gﬁaq?%ﬁt g?aécﬂgﬁtlﬁﬂtcof’ﬂ?tafﬁ%?i ?@JP@SH{%%ﬂ%r s
cont ai ni f@sbbgﬂhﬁggﬁamtéﬁ@inﬂm@ts@@@ﬁmha liquid or frozen state. For
exanple, the storage units, vessels, or transportation devices may be

insulated to allow the material to remain at a given tenperature for a
prol onged perhod o i . hes fl exi bl.e containers, franes,
contai ners, s g'ppor Irhé tcgﬁtangféfts"{m{ngp rr(ﬁv z“rerggnuﬁaé‘?g%r}ﬁerlﬁ)fecﬁ]ﬁﬁﬁg 1n a ghapynel
exchangeoSthedratidcoconfiporess egcsivesyidiingelapt ed for utilization with materials
ot her than bi opharmaceutical materials. Finally, the storage containers,

support structures, vessels, or franmes nmay be equi pped with various

transport mechani sfge céh'tﬁfﬁelaéfcléﬁﬁeﬂwﬁﬁe?{ dafAPatefih] B%?agmﬁfnlexce storage

conpartnments or other devices to faci ate transpor organi zati on
t her eof . whidhlis 0pmp¥essibletwithin avtdckresnofiths flamen depi ct ed and described in
detail herein, it wll be apparent to those skilled in the relevant art
that various nodifications, additions, substitutions and the |ike can be

nmade without depar tfhegohthisn ftaifidl ﬁi.rﬂlepéomﬁﬂfk‘i’nét AY&HE ABvRRGiese are
therefore consjdered to be within the scope of the invention as defined in
t he fol | eRINAYNicpteBetween an interior of said material and an exterior of said material.

3. The container of claim 1 wherein said flange further comprises an
indicator member for receiving display information relating to contents of said

material.

6. The container of claim 1 wherein said flange further comprises at least

one aperture adapted to receive at least one post projecting from the frame.

7. The container of claim 1 wherein said flange further comprises at least

one tie-down loop connectable to at least one tie-down boss of the frame.

8. The container of claim 1 wherein said material comprises at least one

of a flexible material and a semi-rigid material.

9. A system for freezing, storing and thawing a biopharmaceutical

material, said system comprising:
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39 WD 2003/ 037082 PCT/ US2002/ 035135 Cdains: 1. A container for freezing,
storing and thawi ng a bi opharnmaceutical material, which is receivable in a
support fwearmg3/sai8d cont ai ner conprising: a material adapTras2000/08868i ve t he
bi opharmaceutical material therein for freezing, storing and thaw ng; and
a flange coupled to said material, said flange connectable to the support
frame for supporting said material in the support frame. 2. The contai ner
of claim 1 wherein a®@ntpiger gAgded & reeaies g biaphpmagedtrahmeteriabhetedirg f r ane

confi gur ?a?d%@ntﬁﬁ%?éo r&ﬁg’d&ﬁ%ﬂlﬁgg%ﬁ 3. The container of claim1 wherein said

material Tornms a contain I's conpressible within a thickness of the
frane. 4. The cont a fivene afaptddab meckivieunidontGrenpaidtaige sndagedbld @itAr ovi de
fluid co ni cati on between an interior of said material and an exterior
of said MYEAR2H. 5. The container of claim1 wherein said flange further
conprises an indicator nenber for receiving display information relating to
contents of said material. 6. The container of claim1l wherein said flange
further conpril@es ahe byt of daie A pdretain said dapicdarthed compeisasa dianhedast one
post pro%cfc#i ng fromthe frame. 7. The container of claim1 wherein said
flange fUTAPHREYIOLeorhc 2519088 cast  one tie-down |oop connectable to at

| east one tie-down boss of the franme. 8. The container of claim1l wherein
said material conprises at |east one of a flexible material and a

sem -rigi d matbri allhe system ef/epiom! ¢ shefeiresnid frgme Surther ngmanststthawi ng a

per! Uszon a1 for B BhbE o OBl PR G i BrSphar maceut i cal
material therein, said container conprising a flange; and
12. The system of claim 9 wherein said flange comprises at least one
aperture, said frame further comprises at least one post projecting from said frame,
and wherein said at least one aperture is adapted to receive said at least one post to

allow said frame to support said container.

13.  The system of claim 12 wherein said frame further comprises a capture
member for sandwiching said flange between said capture member and the frame

about said at least one post.

14.  The system of claim 12 further comprising a capture member pivotally
connected to said frame, wherein said capture member comprises at least one opening
to receive said at least one post to connect said capture member, said flange, and said

at least one post.

15.  The system of claim 9 wherein said frame further comprises a tie-down
boss and said container further comprises a tie-down loop, wherein said tie-down

boss is engageable with said tie-down loop to connect said frame to said container.
16.  The system of claim 15 wherein said tie-down boss is located on an

exterior surface of said frame and said frame further comprises an aperture to allow

said tie-down loop to pass therethrough to engage said tie-down boss.

41



a franme adapted to receive said container, said frane engageable with said
flange. 10. The systemof claim9 wherein said frane further conprises a
channel wOape3a37682 recei ve said flange. 11. The syst empofi/usk@izeBs18s wher ei n
said frame further conprises an openable top for inhibiting novenent of
said container out of said frame. 12. The systemof claim9 wherein said
flange conprises at_|east one aperture, said frame further conprises at

| east one post7profBesystgn pf oJains divchereimpaid frameomipeises afissbpattian ahdast one

oper Lt s LRI gOkE, Loy BRCRLA 3B Sl B RS SO ¢, o

to support said contai ner. emo

further sddfrigedstaeamaptdifist portobend §aid s@andpbitibh tgcsaicet alange bet ween
said capture nenber, and the frame about said at |east one post. 14. The
syst em of°HFEFHP $3dfieher conprising a capture member pivotally connected
to said frame, wherein said capture nenber conprises at |east one opening
to receive said at | east one post to connect said capture nenber, said
flange, and si$.d &he systest oelainp® furthet SomPtiging yis tenigofsuppating 9 wher ei n sai d

frame further conprisges a, tie-do bpss .and i d,cantai ner further
conpri se%le%%firi "e"-“%g‘%kﬁéﬁ’o%bd, ﬁ%ﬁ%r%mn?ﬁgﬂ aflﬁ}étf’@i%a?‘fﬂd% frame 18APageabl e with
said ti mﬁ@%bmmb@agﬂm@pt said frane to said container. 16. The system

of claim15 erein said tie-down boss is |located on an exterior surface
of said frame and said frame further conprises an aperture to allow said

ti e-down | oopigo p . . e sald tie-down ss. 41 WO
2003/ 037082 P /US‘E%%SQIF%%%@&%E?%%%@H é‘%ﬁ??@%@ %H‘I%E‘ﬁr ﬁPIP?P’@Snge&Ftn said frane
conpr i seseaodehingtto pliow haemparaiuée Statcbnpafidrit®Be ciRtollell] Whdn @1 ti on bei ng
attachabl e t.o said second, portion to _engage said flange between said first
portion %ﬂ‘i’EF“%%’(i‘%lr?@é’B‘ﬁHl ﬁé‘&fﬁ%ﬁ apd said fametls kegpivied mowidiienweratwesai d frane.
18. The sysbegnef claim9 further conprising an upright-supporting

20.  The system of claim 19 further comprising a protective cover for
covering at least a portion of said at least one opening to protect said container, when

said container is received in said frame.

21.  The system of claim 9 wherein said frame comprises a first side having
a first opening and a second side having a second opening, wherein said container is
in communication with an interior of a temperature control unit through said first
opening and said second opening, when said container is received in said frame and

said frame is received in said temperature control unit.

22.  The system of claim 21 wherein said container is adapted to contact at
least one heat transfer surface of said temperature control unit through at least one of

said first opening and said second opening of said frame.

23.  The system of claim 9 wherein said frame is configured to be received

in at least one of a temperature control unit and a storage unit.

24.  The system of claim 23 wherein said frame comprises a thickness and

areceiving portion of said at least one of a temperature control unit and a storage unit
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menber connected to said frame, said nmenber adapted to hold said frane in
an upright position on a surface. 19. The systemof claim9 wherein said
frame furwbepoosmsei ses at | east one opening to all ow &cCrarspenasise of
said container to be controlled, when said container is received in said
frame and said franme is received in said tenperature control unit. 20. The
systemof claim 19 further conprising a protective cover for covering at
| east a FOMPTiEns agharngl and saifl ghickneshis dipenmsiongd toaliowosad trassitd beont ai ner ,
when Sairé!:eié}%?ti@.é&?%he{n%ef eceived in said frame. 21. The systemof claim?9
wherei n sai rame conprises a first side having a first opening and a
second side having a second opening, wherein said container is in
comuni cati on gvith gn interior of a tenperature control unit through said
first opening>and8gs¥sten ofRim Iarhaiein sei cantgiied coropiises arindieatorecei ved in
said frapg; -S| FS; L i i nperature control unit.
22. The gajsltﬁ&ei%tg%qlé g(:;ﬂr%érﬁ O&%‘é@ g:;lﬁhﬁég'?aéldg 8naf5%%ée§°n9%rlsgﬁgﬁ?8ﬂ°af%ﬁcont act at
| east ongottmatio tllamsdidindicatbaioebeahalyatdibyt #oger at ure control unit through at
| east one of said first opening and said second opening of said frane. 23.
The systemof claim9 wherein said frane is configured to be received in
at least one of. 2 tREBARGHUFEIGAONIRkeiH Yl ARy RIBLABRSHN Linh The
system of claim 23 wherein said frame conprises a thickness an a
recei vi nthigkness saigifranag.d at | east one of a tenperature control unit and a
storage unit 42 WD 2003/037082 PCT/ US2002/ 035135 conprises a channel and
said thickness is dinensioned to allow said frane to be received in said
channel . 25. The SYhé eysdh of LRRIOSyHMAGA S4i ﬁﬁhﬁﬁ&&ﬂﬁ@ﬁé&@h [e4TBhE G5 an
indicator for indicating the contents of said contalner and said frane
conpr i sedflgxiblegoaisines and asemi-tigid eoptainarow sai d i ndi cator to be anal yzed by
a user. 26. The systemof claim9 wherein said container is conpressible
within a thickness of said frane.

28. A method for freezing, storing and thawing a biopharmaceutical

material, the method comprising:

providing a container adapted to contain the biopharmaceutical material for
freezing, storing and thawing; and

positioning the container in a frame for supporting the container and

connecting the container to the frame.
29.  The method of claim 28 wherein the container comprises a flange, the
frame comprises a channel, and further comprising engaging the flange of the

container within the channel of the frame.

30.  The method of claim 28 further comprising locating the frame having

the container received therein in a temperature control unit.

31. The method of claim 30 further comprising controlling a temperature

of an interior of the temperature control unit.

32.  The method of claim 31 further comprising contacting at least one heat

transfer surface of the temperature control unit with the container.
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27. The systemof claim9 wherein said container conprises at |east one of
a flexible container and a sem -rigid container. 28. A nethod for freezing,
storing awo 2008208708 a bi opharnmaceutical material, the merhsdoccosisssi ng:
provi ding a contai ner adapted to contain the biopharmaceutical material for
freezing, storing and thaw ng; and positioning the container in a frame for
supporting the container and connecting the container to the frame. 29.
The met hod of 381 ai rhheansiked ef dainhd? whereii the porsenippgiconwrisesidoataging t he  frane

[ I i S ' he fl f- th
contal noron R T e St LA RRTRE SLABEIIAHIG 1alFyle Bl 25°

further donfparhsi ng | ocating the frame having the container received
therein in a tenperature control unit. 31. The nmethod of claim30 further
conprising controlling a tenperature of an interior of the tenperature

control unit. 332. g NEhoPSk QhinCh e g,ljc% ormL LS| cting at
| east one heat transfer surfacle of tﬁe toe rgp‘%{e&geﬁgg'ﬁ?'ﬁﬁ%ﬁgﬁgv\“h t he
cont ai nerflangSofitile 2@03heSFIB 2 PP US2(aR¢ 6B8HEH the3®ntaliee tovttefaanef cl ai m 32
wherein the contacting conprises contacting the at | east one heat transfer

surface with the container through at | east one opening of the frane. 34.

The nethod of 36! ai Mhd&ndtkdd HRINAIGPIRRISENDERBAG MAcIRAg aRBStisfondfr @ flange
of the container with a post of the frame to attach t%e container to the

frame. 88 fiapetoreterond pertionaf theXgneiotengagedbapentainerpeaveanthe figsta fir st
portion ﬁf)gg)@%g& i c&?cli ﬁ%r?l‘c’sﬁ g(g?(%rf?l%tttheop n?%%etrgetﬁer e.to engage the

cont ai ne en the I'on ah condPortion to connect the
container to the frame. 36. The nethod of claim 28 wherein the providing
conprises proyidin | east one_of a flexible container and a sem -rigid

at ) | .
cont ai ner. 37_.36-A s&%‘? &athest o dlaimy2&yhersinghe pryvidieg ¢amRses prpviding at
bi ophar MGetideGtla flexible container and a semi-rigid container.

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

a container adapted to receive the biopharmaceutical material therein for
freezing, storing and thawing;

a support member for supporting said container, wherein said container is

adapted to receive said support member.

38.  The system of claim 37 wherein said container comprises a sleeve for

receiving said support member.

39.  The system of claim 38 wherein said support member is configured to
be received in a support structure of at least one of a temperature control unit and a
storage unit to support said container in the at least one of the temperature control unit

and the storage unit.

40.  The system of claim 38 wherein said support member comprises a

handle configured to be inserted into said sleeve of said container.
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material, said systemconprising: a container adapted to receive the

bi ophar maceutical material therein for freezing, storing and thaw ng; a
support rwolrees/d3ors2supporting sai d contai ner, wherein s&CA/USEERABFIZF | S
adapted to receive said support nenber. 38. The system of claim 37 wherein
said container conprises a sleeve for receiving said support nmenber. 39.
The system of claim 38 wherein said support member is configured to be
recei ved in atbuppdhe sytternof oleém 40 vaieroiressd hamite efmprides BREPAHalll GigoNt r Ol
unit and to Su r id container 1n the at |east one of
the te léér%é% Eorcg{e?os\'? P%Ferﬁ?ﬁ gr%}) Oifﬁ%g&’%t?ﬁ’ﬁ’é Whsnsaid sgndlefigressivedm of cl ai m
38 wher e1nrsaiibalebv&laﬁ§@ﬁfd OBRIERRS i COBRAEIRES fﬁled%ﬂf’t’lﬁb@%@%&%éu Lot 0 be
inserted into said sleeve of said container 70

PCT/ US20081e85135 41, The system of clai m 40 wherein said handl e conprises
a grip, said grip being |located over a center of gravity of said container,
when said handle is received in said sleeve and said container is

substantial | y4Z.i | | €te wystém bhelaih SPRAERBLLIM tcidiner ThBRised at 16h2t ori@he system
of claim ein said contajner conprises at |east one of a flexible

cont ai ne‘?fsaa%‘a“]gle§8ﬂﬁan1‘ef§’ﬂ a s agidepntamgr. A method for freezi ng, storing
and thawi ng a bi opharmaceutical material, the nethod conprising: providing
a container adapted to contain the bi ophar maceutical material for
freezing, stoti.ng Anuethbd firdipeziagdtaimgradithavging adigtMengkufidd® contai ner to
a support, @Pg‘lbﬁ} tﬁo The net hod of cl aim43 wherein the connecting
conpri ses nse |Iﬂ% ‘tiﬁ%mgﬂi}%rt menber into the sleeve to support the
cont ai ner . 459ro¢iamgw&man&fa *)t@ﬂfﬂ&ﬁltéﬁﬂﬁ{e%lﬁb %ﬁﬁé’dl%ﬂé}laﬁ&p“ S€s

er an

provi di nig | east one of a flexible contail a sem-rigid container.
eezmg, storing and thawing; and

connecting a sleeve of the container to a support member.

44, The method of claim 43 wherein the connecting comprises inserting

the support member into the sleeve to support the container.

45. The method of claim 43 wherein the providing comprises providing at

least one of a flexible container and a semi-rigid container.

46.  The method of claim 43 wherein the support member comprises a
handle and further comprising forming a grip in the handle at a center of gravity of the
container, when the support member is received in the sleeve and the container is

substantially filled with the biopharmaceutical material.

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

a container adapted to receive biopharmaceutical material therein for freezing,
said container configured to conform to at least one of a shape of an interior of a
temperature control unit, when said container is substantially filled with the
biopharmaceutical material, and a shape of a protective structure adapted to receive

said container.
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46. The nethod of claim 43 wherein the support nmenber conprises a handle
and further conprising formng a grip in the handle at a center of gravity
of the cwotzaéasres2when t he support nenber is received PaTiUse0RI0gEB3E and
the container is substantially filled with the biopharmaceutical material .
47. A systemfor freezing, storing and thaw ng a bi opharnmaceuti cal

material, said system conprising: a container adapted to receive

bi ophar naceut f&al fhe eystem of pleine #7 wherein aid sinmgratussaiodtrelontitisner conf i gur ed

to confo S h of an iLnterior of a.  tenperature
contr ol %dnE;P%e(a t\%tncg{rllﬁé)iaalI tgﬂ-@g%at ar ﬁ%@eigo%g%%gﬁégaim%er@ Wﬁ-‘%mﬁi th the

bi ophar meiophdriveatutivat iaiedial isabttamed hoged ednt@ingiaksidtihéBoSsI ikt ur e adapt ed
to receive said container. 45 WO 2003/037082 PCT/ US2002/ 035135 48. The
syst em oFTWEERHEAPIHRIMS n said tenperature control unit is adapted to
control a tenperature of the biopharnmaceutical material when the

bi ophar maceutical material is contained in said container in said interior
of said tenpé9.at uilke system of claim 48 #derefihenid yadtaineofongirazbdma A8xiblker ei n sai d
contai ner_conprises.a flexibl ortion and said interior of said

t enper at Olgg'ﬁ‘i F%ﬁ "ﬁﬁ]il?r (§¥§a’§3ﬁB§e§ﬁ“‘f%°°§‘Hﬁng 1sadppfed EAPRPYERIdi 0 sai d

i nt eri orcdn@aindd i aidhateHbPRNAINRRE BlohRAin 0Bl RA] Ahtetigl t%rff‘e_%r%@in! aﬂsh%gé hape

substantially simlar to a shape of "said interior. 50 e systemof claim
49 wher etubstaatiglesmilar toct siape ohsid interiori ses a  flange adapted to be
received by a receiving portion of said tenperature control unit. 51. The
system of claim49 wherein said container further conprises a flange

adapted to be50.ecelThesysnym af cleidedy ivhereRPsaid edhtaiherSRttHeroglRRtd ye structure
for receiving said container. 52. The system of claim47 further

conpr i si Hyes 2dapipdie b respived by 2 Frepiyinggporten af sithtenseature sonthel undtrper at ur e
control unit. 53. The system of claim52 wherein said support frane is
adapted to be received in said protective structure.

51. The system of claim 49 wherein said container further comprises a

flange adapted to be received by a receiving portion of said protective structure for

receiving said container.

52. The system of claim 47 further comprising a support frame for holding

said container in the temperature control unit.

53.  The system of claim 52 wherein said support frame is adapted to be

received in said protective structure.

54.  The system of claim 47 wherein said protective structure comprises a
storage vessel having a vessel interior wherein said vessel interior is adapted to

receive said container.

55.  The system of claim 54 wherein said vessel interior comprises a shape

substantially similar to said shape of said interior of said temperature control unit.

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

a flexible container adapted to contain the biopharmaceutical material;

46



54. The system of claim47 wherein said protective structure conprises a
st orage vessel having a vessel interior wherein said vessel interior is
adapt ed twO o@u87082 sai d contai ner. 55. The system of clpairms2eb2idaB8ei n sai d
vessel interior conprises a shape substantially simlar to said shape of
said interior of said tenperature control unit. 56. A systemfor freezing,
storing and thaw ng _a biopharnmaceutical material, said system conprising:
a flexibl e coftidifiekiblagenitiaer adeptedie substantiallshéambitvar toecshiape ofd firmt eri al ; 46
WO 2003/ %ggﬁ%@({g&ﬁ%ﬁﬂgé&%ﬁ}ﬁg sai d flexible container adapted to

ntorm

substantially co 0o as apelt’o a first interior of a tenperature
control unit; saiddlesitlelcoiteinéroldeptens aiberntiatafngsint © assqagﬁéamée%ha/ conform
to a shaﬁ&ﬂof % second interior of a storage vessel. 57. The system of

cl ai m 56 KAV LYPee ¥§55€t interior and said second interior conprise
substantially sim/lar dinmensions. 58. The system of claim 56 further
conprising a flange connectable to said flexible container wherein said

fl ange i s enga@eablThewytttmaf clate 56 iwlgrgnsiid Gistdhitedsdr andeartseesigl of sai d

t enperat ure.control uni g@gsai.d esse]. 59. The system of claim58

wher ei n gﬁ?rborfcloﬁi?éléeélﬂr}?#ﬁ“ﬁ Slﬁulra{éﬁnﬂmﬁ]lo&ﬁge adapted to support said

fl exi ble container in at |east one of said tenperature control wunit and
said vessel. 60. The system of claim56 wherein said flexible container is
adapted to c8ft ai AhekEstgn opplaimrat dutlier sbmprising pdlangd cdnmasthblenesxifl bef or e,
duri ng, f . Lng-0f the bi opharnmaceuti.cal material. 61. The
syst em O?Q%Pgei ('Ir%% ﬁh‘%@egeﬁﬁsaé flangg lg)gp%qgggl@&w ereyoe e d o  contain
t he bi ophastromeefishidaémpebiard @ntrdl udibasd sa@es@dl. bef ore, during, and after a
t hawi ng of the biopharmaceutical material. 62. The system of claim 56
wherein said vessel conprises a plurality of second interiors adapted to

hold a plural kby Ofrpg@)dler bLELR) 88 GRER D§E Flange comprises a rigid flange

adapted to support said flexible container in at least one of said temperature control

unit and said vessel.

60.  The system of claim 56 wherein said flexible container is adapted to
contain the biopharmaceutical material at least one of before, during, and after a

freezing of the biopharmaceutical material.
61. The system of claim 56 wherein said flexible container is adapted to
contain the biopharmaceutical material at least one of before, during, and after a

thawing of the biopharmaceutical material.

62.  The system of claim 56 wherein said vessel comprises a plurality of

second interiors adapted to hold a plurality of said flexible containers.

63.  The system of claim 56 further comprising a temperature regulating

unit for regulating a temperature of said first interior.

64.  The system of claim 63 further comprising a controller for controlling

said temperature regulating unit wherein said controller is controllable by a user.
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63. The systemof claimb56 further conprising a tenperature regul ating

unit for regulating a tenperature of said first interior. 64. The system of
cl ai m 63 wor2oésa37@enpri sing a controller for control |l i n@CTams2ab2iogsper at ur e
regul ating unit wherein said controller is controllable by a user. 47 WD
2003/ 037082 PCT/ US2002/ 035135 65. The system of claim56 wherein said
vessel conprises a cover, said cover conprising neans for fluid

conmuni cat i on %Bet wdda sywend of claih Bbevieoein adid eessel aongmissgai doverasidl e

cont ai ner. . in i cond interior, and, | east one of a ource
of biBphg?%%géﬁﬁﬁ%%gn#??iﬁ#&hﬁ ﬁﬂn%mbﬁg%ﬁbg?wﬁ¥l%ﬂiﬁﬁ%ﬁﬁﬁ%@%@?ﬁbal natZr?al.

66. The swheh eaiddlextHl@tdntdiferMbRIcgicD 115 Hidl sa@88 lterfdt! ¥l 1IGRMPY F&S an
i ndi cati on of contents of said flexible contai %rer’, when sg@{(f (?[(I%exi bl e

cont ai nepoyrse of ephasaapqytialimaterial gnd aireresver of bioplarnithenticgkmeteriall ¢l ai m 56
wherein said vessel is adapted to be collapsed for storage. 68. A nethod
for freezing, storing and thaw ng a bi opharmaceutical material, the nethod

conpri sing: pe6vi diThg spstaniof alahe 56 adRRlie thill deselthathét dofpriRbophar maceut i cal
material .for . onfiguring the container to conformto a shape

freezing; and | | A
of an i n{né]r“?agf’n(?? C%t?lgﬁﬁ&aéq ﬁ%blec,c@maﬂ@r, whengsaidgtexibip eonteinpid of cl ai m 68

further rRIRAIISLNG sEdoBEHItAG, I he Dbiopharmaceutical material in the
container in the interior of the tenperature control unit. 70. The nethod

of claim69 further conprising renmoving the container holding the
bi opharmaceuti6 al terial {.rom tst?)e interi.or of the tenperature control

unit. 71. The®het hddC SYSIER 8f Hlrtp o Gherrd sedwesselds adppisdsareicallanseé cont ai ner

into a ﬁr@f@%,structure having a structure interior adapted to receive
the container holding the biopharmaceutical material.

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

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

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

control unit.

69.  The method of claim 68 further comprising freezing the
biopharmaceutical material in the container in the interior of the temperature control

unit.

70.  The method of claim 69 further comprising removing the container
holding the biopharmaceutical material from the interior of the temperature control

unit.

71.  The method of claim 70 further comprising inserting the container into
a storage structure having a structure interior adapted to receive the container holding

the biopharmaceutical material.

72. The method of claim 71 wherein the structure interior comprises a

shape substantially similar to a shape of the biopharmaceutical material.
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72. The nmethod of claim 71 wherein the structure interior conprises a
shape substantially simlar to a shape of the bi opharnmaceutical material.
48 WO 20080Q80308208RCT/ US2002/ 035135 73. The net hod of elCarusee2/08uBs her
conprising locating the structure holding the contai ner holding the frozen
bi opharmaceutical material in a freezer for storage. 74. The nethod of
claim 73 further conprising renoving the container holding the frozen

bi opharnmaceutical nmaterial fromthe freezer and inserting the container

hol di ng the frezen- bi ophar ut i terial.in the tenperature control
uni t and thavvi%%’g tﬁge #@b%?@%%&%ﬁ&%@%%%ﬁ%@%@wfor freezing,
storing holidgtavtagaitethA@AR PGS tEHharhREftda natci il th a?ﬂré%zgp} onpri sing:
a flexible container configured to contain the biopharnaceutical nmaterial
for fre8®fa8§ wherein said flexible container further conprises means for
engaging wwth at |east one of a tenperature control unit and a storage
vessel for supporting said flexible container. 76. The system of claim 75

wher ein sai d_ éans ThemeeugagichgmeBMRfihebmprishb bdoNak 48l corpangCt abl e to
said fle 77. The systemof claim 76 erein sard flexible

ilgl e ogt aing)er. | : } I
cont ai nefO'eBIgIRs aeenpiophagmasautial ghatenia] Siont the feeqgeiging dnseiting thai d ri gi d

hol der . déhtaihBiencddiag BIY Mzef bR ac d{agbmgteﬁa 1?1 the fgngqeg | %%%g&&r’rpr Ises a

plurality of slots for receiVving sali rallity o The system
of cl ai nim8anthdewing thabiwphimraatuticpl mhtefihlaps conprises a plurality of
apertures for receiving a rod between said plurality of said flaps and
wherein said rod, when received in said plurality of apertures, connects
said hol der 195, sahdybib@xobliecARNiRhighnd MiwiddepRyilER0liGl ai m 75 wherein
said means for engaging conprises a plurality o pertures on a top
portion watesigl, gaifl SEstepicempuisingl ner to receive a plurality 49

a flexible container configured to contain the biopharmaceutical material for

freezing wherein said flexible container further comprises means for engaging with at
least one of a temperature control unit and a storage vessel for supporting said flexible

container.

76.  The system of claim 75 wherein said means for engaging comprises a

rigid holder connectable to said flexible container.

77.  The system of claim 76 wherein said flexible container comprises a

plurality of flaps for engaging with said rigid holder.

78.  The system of claim 77 wherein said rigid holder comprises a plurality

of slots for receiving said plurality of flaps.

79.  The system of claim 78 wherein said plurality of flaps comprises a
plurality of apertures for receiving a rod between said plurality of said flaps and
wherein said rod, when received in said plurality of apertures, connects said holder to

said flexible container.

80.  The system of claim 75 wherein said means for engaging comprises a

plurality of apertures on a top portion of said flexible container to receive a plurality
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WD 2003/ 037082 PCT/ US2002/ 035135 of projections of said at |east one of
said tenperature control unit and said storage vessel. 81. A systemfor
freezi ng,wet2003/a3gosand t hawi ng bi ophar maceuti cal materi 2CI/USeeMROBIBRHY: a
fl exi bl e contai ner adapted to receive a biopharnmaceutical material therein
for freezing, storing and thawi ng, said container fully enclosing an:
interior Porti on for  receiving the biopharmaceutical material; said

cont ai neP! BiejssHoRSAfsRighAt depst enerfisaidgemperarai¢antiob inpihand stidiptleraghen fil | ed
wi th the,hi.gpharmaceutical material, said three dinensional 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
comruni cati on w th said interiqr portion via said conduit; and a
tenperature cBht r of* UHPM 195 Fse7188, wipringrand thavdng bipbarmsgenticsbcond sur f ace
faci ng sgfrbld®mpsidngace, wherein at |east one of said first surface and
second surface conprises a heat transfer surface, said tenperature control
unit is confi gflextietcntairr almsed ti dedivex blobrarapoédicabmatchiey efin Rbper ei n

sai d con%ai ner\ﬁﬁonf orﬁqrglto t he, shape f sai‘c’iﬂjnt erior, of said tenperature
control URAES IREHE 80 fhawdng. spideontaier fyllyenclgsing antateripy pysHan ficeut i cal

mat eri al secéiRthgdBé BiobhdrilacSitita] MR@rigel d second side of said container
contact said first surface and said second surface of said tenperature
control unit.sadcontainer 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 is 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.
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