WO 03/ 037082 PCT/ US02/ 35135 SYSTEMS AND METHODS FOR FREEZI NG, STORI NG AND
THAW NG Bl OPHARMACEUTI CAL MATERI AL CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thw®o @ppraseation clains priority fromU. S. Patent amp/usmassos seri al
nunber 10/ 254,025, filed Septenber 23, 2002, and U.S. Provisional Patent
Application No. 60/334,622, filed Novenmber 1, 2001. TECHNI CAL FI ELD [ 0002]
This invention relates, in general, to biopharmaceutical materials,

preser val iy ST NS A RDMESHODS FORPREEZINGY STORINGWNFs and
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bi ophar maceutical materials is inportant in the nanufacture, storage, sale

and use of such Lahe x O i materials are
often preserved (s gS%“FE (%WMLMEB% ATIS bduri ng storage.

Simlarly, biopharnmaceutical materials are often frozen during
t ranspor [080MPn  Théx appdinatieanelfisstpuioiityyfrdmdABi Ratent appld@dipn Srtal ent |y,

preservation of hj r tjcal i al i nvol v pl aci ng a
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freezer, aghestiohNeesen3nk2nailki Novdmweaepo@nd allowing the _

bi ophar maceutical material to freeze. Specifically, the container is often
pl aced on a shelf in the cabinet freezer, chest freezer or wal k-in freezer
and the bi opharmaceutical material. i [l to freeze. These containers
may be stainless-steel vessel gﬁd £ E?Aﬁ‘ I%% es or carboys, or plastic
bags. They are typically filled with a specified volune to allow for

freezi ng[o00@] expambis@ivearion kdigtss, i gsisfatrib dibphatmadetitcal neezialss at
tenperatures typically ranging from negative 20 degrees, Ce
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are pl ace 51 de onle anct sonmeti mes are stacked into an array
with varied
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[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 oo @®astosecont ai ner to the surrounding cold air, aw/wsewessssent to
whi ch that container is shielded by neighboring containers. For exanple,
contai ners placed close to the cooling source or those on the outside of
an array of containers would be cooled nore rapidly than those further
away frdoo08p cool Thegnssesiffieicanubeof asdilabktspacesihsitit thei firdeaeri comtaihert he arr ay.
[ 0006] In general, adjacent placenent, of nmultiple containers in freezer
creat es ¥palaged al@?&%l‘ilee?ﬂesanpﬂ‘f?ﬁ?%‘g?ﬂ%“m?ﬁ ASIRAERE JHQ AR ATy, Wi l”é‘é‘i‘fng rate
and pro : kLY : : ce between
the cont oo Sy LhioRFuERRAE R, DRLAHUR blobAf el Rato I IRAe,

di f f er endcctulsent differérit sates gefending lve tleonpesitrs obHéachtchetagentatheier s dependi ng on

their location in freezer, for exanpl.e, Also, .the use of . different

cont ai nePEOPBHE AEHAAT Y ﬁ’ﬁcﬁ’%@iﬂs")"(}a&? glagf%?lgérﬂﬁgl@ﬁﬁg?b%f’gg H&ceuti cal
mat eri al ;iR aUBS: dtaffpfd, 8ktamBE Wdcd EBke ROhE tOBlMmeQbuicB@r fRsEowalech due to
different thermal histories resulting fromfreezing in a nultiple

cont ai neoutfideefar arrgyaaftdootainers yoilfl be coeled morepwidy Hundeosedirthes haphazar d

and random_ Another consequence of. i ping . freezing tines is
that cert’&P) %ﬁﬁ%?oﬁ’glpg Sﬂ%ﬁe P?(g%rzsgtugtgag @W‘%ﬁ@a@?ﬁ% arget solute can no
| onger be captured within the ice phase, but remains in a progressively

smal | er Iiguid phase. This phenonenon is referred to
"cyrocon@é’

s
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loss. [O Spo e containers such as plastic bags or other flexible
cont ai nequalityothtr depamd cdathmgetdal freezmtilongl, smack bstsveeh thelonbiingph andreiceut i cal

material. Particularly, the. volunetrigc e nsi on. of t.he, bi ophar maceuti cal
mat er i al QOYIRTH ﬂ}egé‘%’??fg hﬁ’é%’feaul%da ﬁé]ffg‘frgﬁ(tgﬁwg P‘\?g’% ?Oé 3@%?‘)@%“% over
filled bfg GhtaindrAicpOrdiRE oR theRO6baidRth b bl fortAigle.NAlsbhde Bagofmat eri al ,
possibly leading to rupture or damage to the inte rltﬁaOf t he bag.
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protection of the bags in use. L
the storage arrangement is haphazard and random. Another consequence of obtaining

a range 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 03/ 037082 PCT/ US02/ 35135 [0008] Thus, there is a need for systens and
nmet hods for freezing, storing, and thaw ng of bi opharnaceutical materials
t hat are wanisretdsed, do not result in |oss of biophar macat/gsab/3maseri al ,
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 oph utic f
supportiﬁg&gd pr ca)]ihélg’ﬁlhere lgg%ﬁ\ﬁ{gfgﬁ@aﬁeﬁﬁﬁa \éﬁggﬁ?gﬁ?\%rmé eegﬁa mat eri al
adapt ed tltleﬁmhg@ﬁbibph&rhﬁcéutmahmaﬁﬁalemhattaw comtrdkbed, db nbhlesldtmlbsxroﬂ reezi ng,
storing and thawing in | Iﬁ?éll d or frozen tate nd t he cont ai n]il i ncl udes
%‘@ﬂ %

a f| angdiemharacentiva matral tgﬁ&ﬁéf&{eaﬁc& it} CTBIISY £9 RS THES M exi bl e
contai ngg, F]d dnib%uﬁéb‘?@%'iér AL 120 1f<£r99}§4eat1.{91%f£yhf‘o§ﬁﬂtaﬂr&é@ﬂaal on provides, in a
second as a Sys m reezin storing and ‘thawi ng a

bi ophar reacgoimeal nateri al Whl ch includes a container and a frane. The
container is adapted to receive the biopharmaceutical material therein and
t he container includes a flange The frame is adapted to receive the

contai ner and i s engaga J4,.an 011] The present invention
provides, in a third aspé‘m, a—Hethod h.% . .ﬁgéﬁng, storing and thawi ng a
bi ophar maceutical material. The nethod includes providing a container

adapt ed [p009pPnt ai IMHehRedehOpRaitimOEavidesin z{TﬁtSEaSpabt foonthimeefirng, storing

and thaw ng, and positioning the contai.n orting and
prot ect |fl‘R}Zm§eSt@W andbawigohioph Wéc%‘ﬁlééé?ﬁterpﬂv\é‘hf%eﬁ?l?ﬁ&q‘gg’s in a
fourth )E‘ | C%ﬁ%&ﬁ% Md a;flr()tecflﬁiﬁﬁdl Q&talﬁéro "R Qofthet RRWIRY a thaterial

blopharnaceu I'ncludes a container adapted to receive
t he bi 0pialapﬂ&ad:(ewbewal:heri:abpitanmhcetulueatlenaterﬁab thefeie ori friggzingt sfotingaathd t hawi ng.
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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 nethod for
freezing, storing and thawi ng a bi opharmaceutical material. The nethod

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

bi opharnmaceuti cal material which includes a container adapted to receive
bi ophar i cal t awi ng.

The conrtglﬁﬁgi i's clgﬂra\efp%ét??&e tgg[{ogl&ﬂ ?{c’)@%ﬁ %ﬂ;ﬁh Q%hegpgrﬁaﬂéﬁﬂ)?ﬁagzrlfl%r of a

t enper atsidring adnhavahg urmcsphawhmunm ntamniathrhennethoctmbhmiampnOaidlu}g Filled with
t he bi opharmaceuti cal mateH% and/ or tp %} F@ g’ﬁ? g’\ﬁgt ecti ye structure
adapt ed BtaisE efapied igeoptH thehigpharmasgyticel sgierigt 1o lgpzip Hgoaﬁ provi des,
in a sey , d thawing a

bi ophar ng%}éﬂlgﬁaggl%sﬁnecan§¥§k% éfqﬁ? %é:ﬂtaﬁlﬁ%ﬂstagsf e(g}lf%lleglbelgont ai ner adapted to
contain the biopharmaceutical material: The flexible container is adapted
to subst 1y f tﬁj}g& t erature
control [39%%4 andoﬁ{sé tﬂlalgn E‘snt(:agsﬁ?}é ﬁlasg%tg%%@]t?egpf;r?ggég@ interior
of a st otaiig adshebing a[lﬂ@ﬂlﬁ}ma'deaumlamtal whwhnncludesmwmm,adameé ei ghth

aspect, a nethod for freezin tori.n d t hawi.ng,_a bi ophar.maceuti cal
mat er i al ORRGEAY BipRhFIREUHFH Fﬁ?gthﬁ‘éelgg%f eém&?ﬁ‘flégl?fgﬂueég "8 to contain

the bi opRQs (REH &'e%r'l&%nﬂﬁﬁi’éﬁrtb%bnifo% 16 IRBIRGDIAAAnteAONGS DWfipe@ntpe sterile
n

container to conformto a sh ape of an interior of a terrperature contr ol

uni t. [ O@hitpl Tt whes seeconitaivesris Slﬁﬁtap‘rl@ﬁbi fildssl witlythe biophapmaeegtieal, a system
for storin arrracetlc i ble

cont ai né? tg’&%f’ ??fg?lptg © shapE ) taaﬁr% ethVﬁ ?rﬁc%rpehmjtcég 1 {}‘%LHL\I’ %?rea élHla f or
freezing wherein the erX|bIe contai ner further includes nmeans for

engagi ng ast of ate rature co a storage
vessel @W@Epport fnrvg%l%} %rgg@ﬁ? At ?ig?ven{f)oa@g%i Ste%?g)sent i nvention
provi desgedihAstofing Hn@ﬁiaa@ﬁg a Bloﬁﬂé‘hﬁﬁélft@ﬁl rhite@aliwigeh irstudles Bdegiblt t hawi ng

bi ophar maceuti cal material whi includes a flexible container, a 4 WD

03/ 03708 nrRdnvriggapedB1@mtain grechippharmpreutical exiiaht TheflegRle ORI S The
flexible cfaoped%o su rs’ta.n%al"il}(ij @gﬁfggn tPa Eﬁaﬁg OY £ fifht interior of a temperature control

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

[0016] 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 ngwiohss/odrsphar naceutical material. Al so, the cont &#aTewsoessi3s
configured to forma three-di nensional shape when filled with the

bi opharmaceutical material wherein the three di nensional shape has a first
side and a second side opposite the first side. The conduit is connected to
the f| ewhdlie andatenperatutecaatdobunit. nBhaoiliexihld eomshinehis adapteditanseciveoabe in

fluid coqnmupjcation wth the interior.portion.via the condyit. The

t enper aﬁlﬂu@]@aﬁﬁﬁr cqyitesl IP?{[EW}&E?G’Q $f ﬁg‘?izm% IR gniﬁﬁwén% gvgjgﬁe&n surface

faci ng thecddthinbr HHY bANEses Ah BReribNRriiGITRR tetkiii; e BidpBhrmatBitical S confi gur ed
to receive the flexible container therein, when the container is filled

Wit h t hendseigh avlsm deucontraner imeanfigared tTifernto threg-diarensigpalahare Weent he shape of

the interior..o he.tenperature co | . uni : L i and the
second ?[?él Vgl ﬁ‘ﬁi’lopé%ﬂ? i @?a&l%‘?rgﬂ%"ﬁ’%%n Ftrthéfggglﬁéegglgéhla%gp ag%s econd

sur f ace ikt filieadderResat sla€opsrtts de firbtibide. THieBndilieisconheiteten the
substantially filled with the bjopharnmaceutical material. The first and/or
second dfexibie eentainer thallpwithe pulside of Egrpoptsiney i be inrfii“#@l SRMERICRHOR ¢ ansf er
surface._. E_DE . %’éﬁ' . j ter which
is regar‘ﬁ”gﬁ(}{ hgg“gﬁg@ﬁg%%&gf%&?ﬁﬁ% r %/t&%éc(%lh trfta_lrelgl ﬂzflljlltgl uggstda I Eti nctly

cl ai med gurfatdgndcd sicomd @irfdch éactrgnibk dsstanrfade. A, sixeemipecdire omtrol The
foregoi ng.and ot her featur etif ﬁ%n% advant ages .of the.invention wll be
readi | y Ui spRESER resRlYhbe AlrI Dbt e thsreia v Her bF cpRiagist ’(?fﬁ,ﬂp?ﬂef erred

embodi megy baceGRE URALEANTHE EhihilG RERRABINHeREas GF4hdgS | N whi ch:
[ 0020] ”I‘i\?%%t ea#@hghgaecrespecti ver vi ew of a1 flexible cor?t a?lﬂerer i n accordance

with t hietepioesgthe térmeeatiicorntrpDOEt indrthfirse sidg and gherssprask sideofithew of t he

fl exi bl e cont ai ner I recel ved | fr : 2
PCT/ USO 27%%1%% cm[ltﬁﬁfg%f Eﬁ%@ﬂ%@ceiagﬁ ghepsg repec aﬁa%eegf\}ﬁgw%oq\é%tﬁ%{ ﬁ%ﬁ%ggx anpl e of a
f 1 exi bl eyfORiRh AR confairfad ubktaBAMBCHiNlad Witathe bivphattepieatied materfal.G. 2 bei ng

received in a frame, in accordance wth the present inpvention,
The first and/or second surfaces of the temperature control unit include a heat transfer

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] FI ®o d/a3%082 perspective view of a tenperature cont redT/uswBs138Ceil 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] FIG 7 is perspective view of the frame and the fl exible container
of FI G[0P2RFcei vaBliGe 3iima@elppmti&etviaweoﬁmmﬁter er{dﬁﬁ‘;ﬂe"pf #FflexibB: dostaperspect i ve
vi ew of t ane andth IeX|bIe |ner of. FIG.4 receivable in a

pr ot ectl‘?}g“@g]\?%?apaf@b%‘]‘ éfplg'eflén PIEAPATEREE bl ural ity of the

f 1 exi bl eacg&raraﬁé@@{tﬁﬂ@qgeseflfﬁq@fﬁlohecel 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

drain t L@bgg;l/conn @Qh?ﬂp Pib@ivtelvw M&ot&?@iaﬁﬁ;ﬂ@[ﬁa FaR3%oidihdihell 18

per spect i ew o t he cont al ner connected to drain

t ubi ng ridedbleabhiinenof FIE. @hwhﬂeirsthoifraﬁie@clud}:s f{)@@@fququ G 12 is a
perspective view of the frane and the flexible container of FIG 2
including drain tubing receivable in a cavity between the flexible

cont ai nefi00243  t heFIGap ioh peispedtivamigw 6f ANBN (812087 08B POt WSEXiBSU85 [ 0032]

FIG 13 |s per Ve V| ew rt.device for transporting one or nore
of the fiilf iﬁam eéfpﬁ}%fegﬁ%(g%@?@mof FIG 2; [0033] FIG 14 is a

per spective view of the cart of FIG 13 adj acent the tenperature control
unit of FI 5fortr por |ngthefr me of. FI G her e bet wee [ 0034]
FIG 15 E@%ﬂ expl oﬁ]é%l \ﬁ} fcr%?ﬁ&f’ﬁé‘}na d%fHFﬁFmB?fa (g}ﬁoif”\é\‘% gont ai ner
for hol dgyeg sbi ophar maceutical materials, receivable i n a nodul ar franme, in

accordance With 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 i w® 0sievesof the fl exible container received in thecttvsaesscs 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 a tie-down boss of the frame; [0039] FIG 20 is a perspective view of
yet anot l3Anbodi Ad6t 1dis mrspeaivebliev ofooaraiewice foerassprtingdnand freezi ng
bi ophar Fgale material s.bei ng.recej ina clanping frame, in
accor da%&g\n&tﬁl%tfﬁaéneﬁrwélgzllﬂ“bp%‘i%‘ 1?66%9111%/18%26] FIG 21 is a perspective view
of the flexible container and franme of FIG 20 in an open position
depictin fl exibl.e, cont ai ner . bei.n sitioned in the frane; [0041]
FIG 22 E‘_)sd:gﬁper_spg?{}ib ISW@WPS‘_F“‘FhVée‘?Pg%e% of §He ah dragliacapidhe r ame of FIG
20 depi climgraup sohrbDhieoHaabs kirakANls it MDH BT B, ERlLIE02/ 35135
y er'e

[0042] FIG 23 is a perspective view 0 t aturt odi nment of a
flexible container for storing and freezing bi opharnaceutical naterials

wherei n [d0B4]! exi bireG, PPRLABRCA 85§ HSRomePURRRihef1ia g cor dance with

the present invention, [0043] FIG 24 are perspective views of various
support fedaneior heldgig/biophardadeiitica materighsy cédeivabledn b biRlute Miagdiengr s; [ 0044]
FIG 25 | ive view of one of the support rods of FIG 24 being
recei vedb?scr(l) aﬁ@é %ﬁt%(ei%eegreﬁ@tgwﬁmﬂnal ity of flexible containers for storing
and freezing biopharmaceutical materials; [0045] FIG 26 is a perspective

vi ew of | exi b container of FLG ei n received in a protective
cover, itldtgi;({’gordanﬁ(}mﬁ] APHEP lé@éﬁ‘ﬁWPﬁt?’%%ﬁ“@?ECWPfﬂ@lﬁ7 is a
perspective view of the flexible container and support rod of FIG 24
bei ng regeined in ri. device for trapsparting one or nore of the

£l exigbl e[ﬁaﬂgﬁﬁt ain e?g(?.al%ls a perspective view of thg ﬂexiblegcontainer 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 camo 03pB708:G. 27; [0048] FIG 29 is a perspective \W@EWDL/3sm36t 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 wth the present
i nvent i d0p42P049] HGE3 80a parspectvetdewlofyet 4 Hmthbr anbadimpnt dfe ffexéie and
flexible container of FIG 20 conf| ured l] the.c [ 0050]
FIG 31 Goatapes ffstringaud; fEﬁ?é‘Ing\h‘ ACEYie 4?@%@ gr}ﬁhef?lg ﬁé(n@?)nt ai ner  of
FI G 20 &anfisgitlel 8 sSoifiotlih £aRIAIR6NIh Ble YRAFAAAASE PCT/ US02/ 35135
[0051] FIG 32 is a si el evational view of the flexible container and
frame of FIG 20 configured to drain the container; [0052] FIG 33 is
bl ock d'@@ of %B@%r@ﬁs@ﬁﬁbmlewiopvém& pofifrodd o 8kRhg StOring and
t hawi ng phar naceut i mterial, in accordance with the present
i nventi ohffel[eﬁ()@@}acltfy B:34leicentainess; specti ve view of portions of a container
for storing and freezing biopharmaceutical materials in the formof a
fl exi bl e container useable in the systemof FIG 33 prior to assenbly
t her eof . [00B4P54] FH‘IG 235s a'tgerapqmémpiewtdf\mewféwsuppqrt weeof BIG.tHe fl exi bl e
cont ai ner .of FI.G fter 0055 36 is a
per spectb%@?@ﬁ?‘b@@% CEYSS 0L BIP i‘“@g gﬁ Ble(fpn%frﬁ“{%sgf %lancﬁt has been
assenbl egse r%q,@@[][haﬁhggeuggaplﬁat@ﬂaqgr spective view of another enbodi nent of a
cont ai ner oring and freezing biopharmaceutical materials including a
sterile, flexible container and a rigid holder useable in connection with
the br Sl ane”tFl‘@%LQQPz&?ﬁ;‘ﬁ@e View df%h@ﬂéhﬁl% c%hﬁih%§ bPPRY, 29ipeMpof a

ru

storage ture ‘useabl e system depicted in FIG 33 for rece| Vi ng
a fl exi bleeeicahihai pretectivr cdvet,di ageordance with the present invention;

[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 stwoag@3smiseucture of FIG 38; [0060] FIG 41 is a RIToS®RBEIGEI onal
view of the end elevational view of FIG 39; 9 WO 03/037082 PCT/ US02/ 35135
[0061] FIG 42 is a side elevational view of the storage structure of FIG
3 8 further including a conduit; [0062] FIG 43 is a side elevational view
of two ¢ d of aﬁlﬁ-%@rls a gidp gliivational vfeweofshoflagblesbniantenned framabFe in the
system e ' 3 for holding a flexible container for containing
bi ophar dnﬁ@%&?ﬁggﬁ%égﬁhgﬁéfﬁ%ﬁ%l G 44 is a side elevational view of
the storage structure of FIG 43; [0064] FIG 45 is a side cross-sectional

vi ew of tora uciure of FI 4. 065] FI 46 i s a side

el evati ol:@fgzii ew ngfshé 1%%’#9?@8’@‘%9“? E?’E%‘l?f‘@fs{m%m%éenha& SYSH& i ng t he

f1 exi bl efreiiggiteng ahd Ella@ing?&bﬁébﬁarﬁiae@ut{cgﬂﬁ%riﬁ! ﬁacéc?rdia.)fceam%‘?{}%pept Ive view
of the storage structure of FIG 44 being folded; [0067] FlI 8 is a block

di agr am RJPSRT Syye0iéd: f or regul ating the tenperature of a plurality of
fl exi bl e contai ners for hol di ng bi opharnmaceutical material, in accordance
with the present invention; [0068] FIG 49 is a side cross-sectional view

of a porfi0088] of t hElGs3biserpesdpectteGieddf Paitiongot AR AReri B ﬁbﬁ:@% %rﬂpf,ti ons
ereln,;

including a.plurality of flexible contalners being inserted
[ 0069] Ft? Zl‘%dﬂe&ﬁf’ﬁ csugcal mpderilpingthe fum ofidiexible portinetesealjle imtheof FI G 48
wher ei n Jsiehf3d 16235 BRbLA gell}ihblq%/i_tﬂ%%gr_al ly formed with a top plate inserted

into a tenperature contro 70] FIG 51 is a side cross-sectional
view of a portion of a flexible container integrally formed with a top

| ate, i orda Lth the pr.esent invention; .
P ! fﬁo@ﬁf G, 554k perspe%tlves V1J?3w (;f p\1leces (I)fo the flexible container of FIG.

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 WD 03/037082 PCT/US02/35135 [00711 FIG 52 is a side cross-sectional

vi ew of anot her enbodi nent of a flexible container for containing

bi ophar maeeudsicais2 mat eri al being received in a tenperaturreCOSIRBOHI3SUNI T,
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;
[0073] FIG 54 is a side cross-sectional view of a portion of the flexible
cont ai n§00®1] FI G F2Gf 42 tshesidddpvationalgyiew wéihdistrgagsf stmctuopof BlGa 38ont i nuous
wal | of the .flexible cci)ntai ner; and [0074] FIG 55 is a side

cr oss- sdbihesAngludmngacetdWiot her enbodi ment of a systemfor storing

bi ophar maceutical material, including a plurality of flexible containers

receivable in a tenperature control unit, in accordance with the present
i nvent i JA062ETA!I L FDGDESERI ¢ drvdtpoaisliewnf sweermdesaiangiber t he princi pl es of

the present .invention, systens an met hods for f N9, ring and

t hawi ng em%&mﬁa@%&ﬁoﬁgsﬁ%fﬁﬁ%‘f%? & eSY%W%%P{egﬁégggﬁ%gn processi ng
bi ophar fIﬁﬁﬁhl% b §1akibIEdoRfdidd: Forsddbhiging GRIphamiaeeutical aRrielser vat i on, for
exanple, if the cells are frozen too quickly, with too high of a water
content, the cells may develop intracellular ice crystals. As a result, the
cells pt ur n i ikf the cells
are fro ﬁsﬁjo s&g\%l‘ gé' ?{%gggglgf%t@}é%@g&%&he t(%rggec%ndggfﬁ% Pgl?fe% 4sﬂj’(’)l utes over
extended period of time, which may also |lead to cell damage. [0077] The
freezing rate may affect biopharnmaceuti cal erial distribution wthin a
frozen &Qpﬁﬂfb wi t FlRofii 8 SAnr@sssesigmlivimy %E‘B?@ﬁgﬁrsﬁﬁwgcﬂa{& material s

| eading 440 detrinmental effects. In an enbodinent, 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 bulk RgEeN of Y% REOPTATRCH hSPlick bR QRLAPARRRLLGT 1R 25135

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 - dangidmg2 characteristics. For exanple, a frozen ra@Aywso/3su3sh

bi opharmaceutical material enbedded into a vitrified portion between
dendritic ice crystals may be a biopharmaceutical material -protecting
type. Bi opharmaceutical material-damaging matrices may take different
forms; f[607¢kanpl FIG 5} isa side gross-gietionad viayy efanogher empediment ofd ri x or (2) an

assenbl y of .a very |large nunber. of fine..i [ Y i duct | ocated
in very H9¥He peRfiper @’F g?ﬂ:fa e%?@?frﬁ?ce%ﬁaﬁ*u%éaﬁ?%azF)g]?%é‘wfe;\%g EIE\Qmat rix
char act ecélhgéﬂaﬁﬁe s it QR cblamd e ehepyshadnveitiongt ure with preferred
structure being the dendritic 1ce crystal structure. Such desirable matrix

structure depends primarily on a freezing front velocity with other
secondary { nport [S k- : Lent, conposition
and concﬂgh#jati on @?} égﬁsﬁ% goé),el%%gggaeltg%& é@ﬁg?‘&?ﬁg%&%@?%@ cont ai ner.
[0078] As@Edihngcémrd heitRf EB@E2;i 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
Tl et g aper oG, sans ARk cRisehanRRANidR ofia paitiR o iRmeaRE oXi matel y 8
mllinmeter er hour to approximately 180 m|linmeters per_ hour, or nost
pr ef er abtoptdimeraf FEAGE futieandepisting s iveldieg 9f 2©PHP kicpntinueps welof Bsur t o
approxinmately 125 mllineters per hour, provides advantageous

cryopr ocBeblRGORBHETEEns in a wide range of systems and feasible
operating margi ns so that damage to bi opharnaceutical nmaterials may be

m nimzed or avoided. [0079] As an exanple, the foll ow ng di scussion

i | | ustral0894 he r eFii.i%ns hiide crsswetionelidew ef gty earfbom%wf?c freezing

front and fhe.size and aci ng.. of ] i o ont ext of
freezi ngsyc?#enbfo(gﬁﬁé?lﬁ&éoéjzﬁp ageutical éﬁrﬁliea?ﬁzag @ncﬂ%ﬁ@%?b*u?aﬁ%tkg fyg ggei ty of the
dendri ti goridiRQE kdtgivhbRNA aitémgdi@tﬁlré atebl tihigm aapptaoxd withéheyprésent | | i et er s
per hour, the dendrites may be small and densely packed wthin the

dendri timvertedzi 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 centRETATILED 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 a result, 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 03/ 037082 PCT/ US02/ 35135 flexible sterile container thus causing
severe cryoconcentration in the liquid phase of the biopharmceutical
mat eri al swq @0814s2As the velocity of dendritic freezing frrrusoassBases to,

but still remains less 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 only a small percentage

of the suwlaterieb Tire foscapigantmteutifecal therfital fioabs maetg Whictembedsed into the
solid ma | nst ead,. nost, of the sol utes and hi gpharmaceutical naterials

are pus hgﬁplfl?f%‘?%wﬁvn?tﬁ@a%Q%E?%\%r Rephirmageuties] graferipl-depgaingand t hei r
concent | diarflersiod eorlcitibfl, RRBIE MhulX WiRNGLIRERMELfRL MREAL 3 110
ti result n damage t

increases. This situation may s e to biopharmaceuti cal
mat er i al enb¢dsied Mto Agitrified peitionibeywesh ddedriiidité cryftalsenaynioe 4 r ont i ncreases to,

but stil]. renmains. |.ess than roximately 5 mllineters per hour, the

dendri teéloaﬁ%wag% M?te{lar'ﬁlé)?g‘%ﬁ‘g tg?ez ﬁ%‘ﬁ@%‘?ﬁé‘??@g&ﬁt%%@, &8l oping into
cel | ul armafrice®midfmike dpEérta Bfins; for &lipld aB verp tibhtl celilay i@ cy¥Bl| Ppercent age
of the solutes or biopharnmaceutical materials may becone enbedded into the

sol i d me@airix gidEbanpssepbly ap verelasas nwbsr afiine isp opisatsraitepradoel materi al s
Concent r oren T Tt K gl AEAE SR BRU s, Rl or ol 100

concentration In e I opnar nmaceu

i ncr eas esharabhiristisd dapandsoom thieyoesdridthl strestute withpefsrrdetiuotubl Bakatheaceut i cal
mat eri al ‘i .&}0083 Lf the velqoc' ty.of dendritic freezing front increases
beyond SHFFHS ISR Ea) sEBEfuLR | Juchdbsirablejaptriy stipctugsdeaendsayingdy pneo decr ease
in size : ; ¢ i Llity to
P oper |y i A CioCRY SR sk 1836 S ol TR op 3D Otk

mat er i al gradienip compesttiongaridraontentfafios oF sdldte, had gedmetiyt of thé fidesinlg i tic freezing
front is ¢ch higher than approximately 250 mllinmeters per hour, the
resul tint %gad]il‘?rd mass conprises a random unequalibrated, structure of fine
ice crystals. Such rapid cryocooling could be achieved, for exanple, by
supercooling smal |l vol unmes of biopharnmaceutical materials, by freezing

bi ophar ni0&8l i cal Aeacsdinglethepresantinyenfionsmaiptaitiye thebwebroifiyofia smal | vol unes

of bi ophasARAE }&teicg%ltal %%ﬁﬁé ﬁjoﬁt &hg}e%ftleri '%lélilcﬂ‘itpci ere%gleg O(%lrt")ol}’l Q%ng%r yogeni ¢
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 03/037082 PCT/ US02/ 35135 [0085] For exanple, in

bi ophar maceutical materials subjected to supercooling in a liquid phase
foll owed o ®@/aed i ce crystal growmh, the velocity of dendrisoessi3sreezi ng
front may exceed 1000 nm sec. Such fast dendritic front velocities can
create solid nmasses that conprise bi opharmaceutical materials, wherein the
solid mmsses are not formed of equilibrated ice crystals. These

non- equi HpEblesistile gntainerthusesysiag seyaro pryocancenteationdn thetlajuid pletse ofi, when

di ssol “t{hg%i@haﬁﬂ&lehtﬁéal L& " ¥Systal s and growth of larger ice crystals my
I npose excessi ve mechani calrt%rces on  bi opharmaceuti cal materials.

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

be di str@%t d betyween ice crystals in very thin layers on grain
boundar i B98Hhi s phAsthscelocity o dgadificdmeengifiat insraasesttoi butsti agpains ea, due

to the pery Exi ; f%%l ' c which is.detrimental to
bi ophar maceuta}ll?:@% lﬂn%ﬁf?éﬁismﬁ éjtﬁ ﬁ&r{t%%-%%@ﬁ%?sl FO Sopieblargeh The

r egul at eslzdoynd moreseraigd odevellepingdsionglltlacor dvbahndrlpaverasit Idfhistdage, Syst em

(t her eby thermal .effects and the resulting  dendritic freezing

ti Qf Iluenciaﬂg ! .
front velBcshly dsyall prigenioeeef e solyies on blophamsrsiicel macralsdspames. [ 0087]
The | engéhb&fied (RS1HRDRA RS FBHSRER Y IR sPRfds aﬁﬁlﬁfeogﬁeruféﬁea%g%tic%?! ocity and

on the tenperature géadi ent along the dendrites. ndrite may
refer tomateHalsjaggshedforwhel hyethd aflvanciigidekdnitiy frevtzimgtfhent land theit phase, or,

al ternat | 0. . thi ckness, .of. a "nmushy zone" .a "two-phase zone",

e.g., a éngl@%%%agggfﬁ %gr%l(ﬁl}l}dt}? 5§ 8€b10@?%%qu%ﬁ%él&art%réalé% GEATPY HHase bet ween
them Atsitubgior ina$ sl rdstil islesitlidel t8 biopghh@nack®itAEMmatwhR | S cl ose to 0 C, and
decreases gradually to match the wall tenperature along the dendrite

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

e I D R T L

sol ute lesthamppadximntel s atidndere pbeledur Ghe OORIRIREST @b WabmaNdat 18AREMmAt Ur e .
[ 0088] The sal ution betyween the dendrjites then solidifies, reaching the

conpl et %t LP SrRaraied-fevel pping dgfo cgllulargricqlumpan gattarng kthissaseThi s st at e
i's a matglPon®¥ 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 cryo genic
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 bohydrwtoemjosais2not form 14 WO 03/ 037082 PCT/ US02/ 35135 paaumrse351s .
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 maceutical product. Dendri tic ice crystals are described further in

R Ws eI Kele or
Bi ophamgg t| c @Rge llhl agliﬁrgne% 1%\{9@%&%55%%@ V\%s ni ewski ,
Large Sgali uﬁ% éﬁﬂwwwtbmra@fd 1€ebﬂysta1 Gekth, ﬂmmﬂn@mddeadmhda ol ogi cal
Sol uti ons, harm 11 (9}5q 42-61 (19 a%?l %\hl ch. are, incorporated
hez5 ein fn%eszfeorémﬁé/ exceeBH0 ‘é‘i’p@‘% @i% Vﬁ%o"&@ﬁlc@f ed in FIGS.
porti.on [ rocessing,
Create 80 1cf1}111a§3§es %?E st Oﬁllﬁﬁhhr i %&uﬁ%}aﬂ?@aﬁr{% vwHefd® thélsBEd P g

t ranspo aw n armaceutical materials are shown.
The sysfegfea@y nbﬂﬁirméé oﬁeq@hbrake&l 1ce:m'mta1|sné"h¢semml=cqa§1@atﬁ4i eolidbl e cont ai ner

10, adapted to contain the biophar C terdals ted to be
support @6555§lar§ DERRSI8AES Wﬁryéwlé%flﬁ? & egglc‘ﬂ*? E‘QOI&”??IH eri%e Cry%l
contain '&Pgrei &@y&és%)juﬁl 58 BBeafRRbeMaticallforceeori ved i n a

t enper a ure Sont unit 20, ransportati on device 290 (FIGS. 13 and 14),
and/ or mop]sarmlaegmGadnnateﬂEiBO@OIth@L @mea@%ﬁ@%mﬁﬁflﬁélw be formed of a

| am nated . film i ncl udes ve an
interi o?q‘\}]bl?rﬁﬁé%‘i&aﬁsges ma(yﬂ?e(fllgﬁglfg{)gé or's ch?%a‘rﬂ Hw}ézél}r@t her ,

f1 exi bl @ngﬁ'ﬁ{ BoughridO Ty bebdoeesaMaigk @hicﬁct—ﬁeaomacﬁ m’teyfacrf aresidze® t 0
accomodate different uses, for exanple, iter flexible

cont ai ndleyemalyr@elmher 0§ amall NescéyséﬁlhWﬁhﬁé@?@l‘e‘é‘tg%g{?&%?ﬁ@? ng | ayer
of the g |or of flexible container 10 may be forned of a | ow density
pol yet hW "very |low density polyethylene ethylene vinyl acetate
copol yrer, poI yester, polyam de, polyvinylchl ori de, pol ypropyl ene,

pol yfl uor oet hyl ene, yV|nyI|denequor e, ur et ha

f 1 uor oef{9884 neproWP’é‘gFé" TG SPG AR ef%@%{?d Bﬁ (iyﬂ% vggg(rggsﬂ)nagrtpfer | ayer
may al sq.hey bk FEfjtfl]lgfsyﬁ@rnG({H%Yéb%’riﬁﬂdHnBinh t@érﬁ@hgvfec@m@u theBsulfingt ure within a
pol yani e or an I'ene vinyl "acet at e copol Further, flexible

cont ai ndendticrfseezing front velocities), and by selec’uon 3/ 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
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include a layer with high mechanical strength (e.g. a polyamde), and an
external layer wth insulating effect to heat welding, for exanple,

pol yest er wolisestmyers nmay be conpatible with warm and colmtTeuswdidsizens and
may be able to withstand ionizing irradiation for sterilization purposes.
Al so, flexible container 10 may have a |arge 15 WD 03/ 037082 PCT/ US02/ 35135
surface area to volume ratio, and a relatively thin wall thus promoting
heat t reatesties. Instead &tdyrmugfwrm/fa@lﬂsﬁjééféi@\@@rysﬁﬁl esevesndhedadriticdte unit 20.

One exanple o eri useful, f.or .f e container 10

i s descYHRls: trhe &8y %ttFé’?ﬁy%t ot @%%ha %U%E@%??Oq‘{d %lﬁgéag%tl re subj ect
matter ofcxiihe Btatesmaﬁh@d% IHGREREN FHeRtuer £hiophdmacetieslenaduct Al so, flexible
contai ner 10 may be di sposabl e, thus ronDtlng ease of se d preventlng

cr oss- centdaiticried érystatstare Hesciibadsfurther 1 laf -Wisjensk, ni ght
resul t en reusingcother ot [ -€6 erX| bl e
cont ai Mﬁ%%ﬁgﬁﬁﬁég%%g@%gg%ﬁs Bﬁﬁénln ﬁt(gw supporting
flexi bl(]q lmewlslq@awdﬁorLaﬁQeESmleE(:rybbxexérbdttmmﬁrG@lsJ@wll @ompenents, ncl ude an

out war dl y- extendi ng f| ange 100 adapt r in a channel 200 of

frane W&Q&&ﬂﬁ%‘?%ﬂnl :!8)%3? Z@%ﬁrl Of"Y}Hﬂb@eloo coul d be a

pl asti c. i nen5|oned to be received in channel 200. Thus,
POl SRR R o i

fl ange eX|bIe contai ner 10, nay be inserted
vertically downward or reaned vertically upward, but nmay not be noved

| at er al | in direction t her .t han a engagenent of
f1 ange ﬁ%@ i th cHafhefevgyY eﬁfﬁaéﬂm‘f‘iﬂ g?fg)%tegﬁbljservesftﬂ)g{t%)?lgéggortgt ge
f | exi Dbl % feﬁ{'?cﬁ"c@@ﬁné-(}relegﬁlg d@rlssle)!vmé %fr@del@sua% iﬂ‘m&ﬁ)rﬁlﬁg,mmn@aﬁdcont ai ner 10

during ng thereof ces sa cont ai ner and Fnsures
di mensi simahg bsxphmnnacwtmi natesiRisiareEshoBm;: élilmswstm 33y 1§ %ais‘ﬁﬂ % | oad pl aced

t hereon al ang three i.e., both
si des aﬁ@t?ﬁgr Bt 35 lizlgo I%llngrlogﬁ?d% rC{ t)%h% rtél)ﬁ( fb pgh@g%?i{%ﬁler 10 may
i ncl udenieyRid dndaldaptee xd Bastippartéd wgmppomngmmmm ssdhoasra) framoi det i ng from a

top side 11 of flexible container hg rt| cal I‘ye@glxtendl ng flange may
be conf Flguitde consaiper Hbend fame i%n’@ﬁé Me Ddubstantial Iy

per pend) el Al t 0. bl-angg: 300 namn\aaaﬂ hakd ygmm@edlmdrmrm/@laso may be

confi gurga) onnec top ‘portion of frame 15 to reduce sag of
f1 exi bl gtorage unit.

[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 e{hylene/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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contai ner 10 when flexible container 10 is received in frame 15. [0093]

Fl exi bl e container 10 may al so include a tab 110 or other neans for

recei vi ngwa d3abais2t o provide an indication to a user as t@edimesoessBsnts of
flexible container 10. Such a label may include witten information, an
enbedded m crochip, a RF transmtter and/or an electronic or magnetic bar
code for indication of the contents of flexible container 10 to facilitate
identifi @Efﬁcg Areatte soluinreyatia it arrclhvalyDXB AR TRBZrBGdtikISack: 8aisd&

char act e{l 0 the contents thereof. The use of the |abel may thus
sinplify 'ééll‘rg PO E5oCTYRY 4} femperalie poatital yrog P@xpélleéx%ﬁlﬁé’ifﬁ@?er@@ recei ved

in franmeuskful fhRRAmulatibs fﬂ@iﬁfédoﬁt & g other franes
and fl exible contai nelrsovvh Y yaﬁle} %egfdeglrm [P%E)LC@PPNQI 0094] As shown

in Fig. 2988, ﬂ%&t%'}/@llﬁofﬂwaml@rsub.]@ctrmwer nEwhith mhereb)y inoorperatgidiekdnor conduits

120 to ini.n h r mac cal materlals or other
sol i ds, ailql! %‘Sér%ﬁée édp g%gfseé(g’lgﬁ?rgalaﬁglpd’?ayo% 1§OSR e PoPropting emevl)  of

f1 exi bl eusead padveetingl Erosdeditathingtidn?6r tHBhte or O f ?l%xﬂbﬁaeél)nla@nér 'l@%lﬁclf"

measur enepnt prope (not _shown) inside flexible container 10 (e.g., a pH

el ect r od®8 I&E‘?Blld’lll?fllr?flispig efberdypes of apiaeEt ur e probe, an | on sel ective
el ectrode, a spectophotonetric probe, an wultrasound sensor, an optic
fiber.) Conduits 120 nay be positioned in the top part of the container

and/ or i[9081E bott&nribaﬂ'exible dommebuenmgmeaﬂmedﬂcobefébavmﬁiﬁaw of the
[ r dra ge. of the containers. Conduit

conduits facilit tef|I

120 nay losr?()}!is'rlﬁpé’&t‘%ﬁ I°8§‘iaBl E?@géﬂrélxﬁ‘@l? e3 Hegblej confaiier h@ megnnect abl e to a
recei Vi ngcl@é hn 6ﬁmard1§l&mhufgl}%gé)loo ib1eAG BR ket RORAM LlanhdOoput! d be
connected to a receiving port using a fitting plac I'n the Inlet port.
Fi t ti ngsframe hS.as depigted 11‘!@2@84 bédForexatup®, flRagee 0 dduld s 4 B6stR32, may be used

for the f such ¢ its n ich can malntalnthe
sterili tgﬂl?&%glﬁgﬁconfigﬂ?gmﬁgfcﬂge ISB%YQ Pallﬂe'l %b@x?@lwﬁ%ﬂp&

pref er auhyfefme tseidle cHaxifidrti0] MEF beRMerRR wRifallg\HoShwart & BhBrant s hapes

such as straight fittings and/ or anal ed fittings including ninety (90)

degr ee SieH#rtly upvardy byt may not be mensd derally aep directionslother th@ouprayd i ncl ude a
ot gt &R dfakbllor aile foBRHE] {fifei Yoo TAGE, HAEERIS @g materials

fromthe Dbi arnmace
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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[ 0095] Tenperature control unit 20 is configured to control the tenperature
of an interior 25 thereof, as depicted in FIGS. 5-6. Al so, tenperature
control uwiao32d708eay i nclude therein, or may be coupl ed t ®@CTrausmensisl | er
(not shown) to allow a user to control the heating, cooling, freezing or

t hawi ng, for exanple, of the biopharnmaceutical materials in flexible
container 10, when it is inserted into interior 25 of tenperature control
unit 20. Chﬂé@ﬁtéwtlonoﬁthertgntehtsethemm@ Te usérafiihe dabef miah ehusGatpl ts of flexible

cont ai ner ure control unlt 20 may controlled
by bl owi nmsgan%\g 8&?? Pﬁlﬁ%t? tf‘gﬁ‘ﬁ’r%exgwla gOrBRInGEat Yrregetved b‘%/ffainﬁéétwh@it act of 17
VO 03/ 03B PET4 M&g&fr&%ﬁ&mﬁm GEHY ALABE SndMILILIER faces

by spraying caoolin &@fl uid (e.qg. ,g |qU|ﬂ18& n?l%ro%)!gl) b’?taﬂ{emv@ﬁlgl}ﬁl%[m%] In
a prefer PRRSARFBGIET therato. tenperature control unit 20 is a heat exchanger
havi ng one or nore conduction plates for heating and/or cooling flexible
contai ner 10 and bi opharmaceutical materials contained therein, as depicted

in Fl GS. [0094§. ForAemeﬂlmFltgemwx@awe@ﬁﬁﬁéﬁ1roqha§lﬁfc1ud€%n€%¥mbféc' ude plates
28 for contacti ngu fl exi ble container 10 to cool” the contents thereof.

Al so, onBorgyorrgpduitss129)tg adewiglinggr drb’émﬁtﬂfé’mh@lmitceau¢abma¢emisrcesm on of

fl exi bl eqmentoi g\{]ﬁg e din frane 15
and fram% 15 1 ggﬁfqgel v %J#ﬁ(%@l{%r&ggf mter OrrH}%t S&PW& @g ﬁSI unit 10.
Furt her , candaper It lﬁceldurhsnli(binayaalsb b2 Qsdtety ingeetl aid €asartened prBE engdon-

terrper at ont wal | s ot shown) separate from pI ates 28 which may
conf ft’i't?wr“é&lsf ?8%‘%1‘&1{11@%9{}? éﬂ% T Elerirede, 2gondistinity PaPhl e cont ai ner

10 I's 1 eeaipéRflure phobe! MBnLkeleafit erior 25 of

t enperat uré conteIPOI eunlthO,e él(&ﬁ%ﬁg e(#e ﬁ@ghgﬁgﬂ[rg%% For exanpl e,

t enper at Wi@saod senspr, @mqpﬂg ﬁbma)/ C@odﬂﬁsdl%anaydieqmsfﬂohh@ in thenel pdri of freezi ng
front ( Cit thint i0 harmac cal materlals t hrough
f eedback %é:?r%%r{){g% Ur b IHFI?)'%IIP& Ny RAt & ‘f"gl?lﬁ oﬁtﬁlé‘e‘b PRSEERAEERE material s
f r om onecoadutiomey FRipeEAIALIFENERheed dTohe SRS W@bﬁﬁm @Ey bé‘s er ted
into contai ner 10 t hrough ports 120 or which may be attac

i nt egr al nfegral iy fexiblexgntaingsil§ of Eapysieiconnestatietod teseinimgeopr(eci se. cont rol of
heat r e”é?l\ﬁazln) ferumct PS: example, 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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bi opharmaceutical materials, and facilitates control of the dendritic
freezing front velocity to wthin the recited ranges. Variables such as
wal | thi cwoesgsois2fl exi ble sterile container 10, thicknesTofsokssusse 15,
thermal resistance between flexible sterile container 10 and pl ates 28,
etc., are automatically taken into account through the feedback | oop.
[0098] The dendritic freezing front separates the bi opharnmaceuti cal

mat er i al $he gantaseent Wil caldsyivadmrisfacdsy ot speayingetading ¢efg-1 ligrid

bi ophar C ials, thereby producing a solid-liquid interface in
whi ch dgﬁgfg%héﬁgfgg% %ﬁlng As heat renpval fromthe biopharmaceutica
naterlals continues, the dendritic freezing front advances away fromthe
i nner i&@%ﬁ of flexible sterile container 10, as additional 18 WO

03/ 03708 / Us02 /3 preserrqd; eaplodimeiipleripriniiae £PtEol unH28ris aheatf r eeze into a

solid ma [ ritic
freezi ng%%crhoahge@gy%g%?g 0??6% ggn\gﬁélP[gm é@%\ﬁﬁ{? 16%%%0%300%%%% freezing
front advamaimsr 1(J H0I9ppHanmaceudindd anatemais corﬁeiiﬁedrmbmirahs depicted ireBIGS.s r enmoved
i.e., flux) fromthe bio maceut i mat al s determ nes the
veI oci tygcﬁ hl? @Xﬁﬁmr%ﬂpérat‘wé@ﬂﬂdﬁft%ﬁ?ay 13F1H§‘°epw?§ 2&5 EPAHPE gr adi ent
bet ween {aeippd &ﬁm{em%ew%e cc;fﬁéxﬁﬂh@feaf aRHo PO E A8 of?la?éé’@g%e%ft ed with
the rate at which heat is renoved fromthe biopharmaceutical materials,
t he vel obt mpoveible teeallpanetmpriessidnr efelxitje tordainercldhwhen fleobiecohthindr by

[ h f
gﬁgg(r:horre%st ; gjtltn r&p‘frﬁ%@?ﬁ%%ﬁ{gce%ﬁ%éﬁﬁPw u?tﬂglgp rﬁﬁ?%‘?@ic’% at a rate

t hat prOEIﬁItQB Bushedsterpbiatlrt Yonttol aftpoasuaneladoObne shaofam@ri tic freezing
front within substantially all volupme of the biopharmaceutical materials

or a subimparataie|coniseliad walls (Rat tomny seprrathBomdiees 28 whichawsy by front .

Mai nt ena t freezing
Front w ER i QR RLAR Al o RRRID wh RELOK cBhabief 19 REAGE, (L nr ot

t hi s i nvanframa 15 andl&simedblierecbived irsmtdrior P§ of/tedq&rmrb%ﬂumblnmhtlzo, ad eady-state
conditio s for gﬂst urbed dendritic ice crystal growth, independently
fromthe ﬁi’lgftegﬁb & the cool ed heat transfer surface within the freezing
vol ume.

[0097] 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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[ 00101] Frane 15 may be forned to receive and support flexible container 10
to provide additional rigidity and support to flexible container 10, thus

facilitatwogsodamsel i ng, storage, and/or tenperature contr@dcTiseessis 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 interior 25 of the tenperature

control liguid bdpharbivcewtiphl mbieselsdpernd imgsa sdlidembdsl & aw enbadiment dftheray cont act

heat transfer surfaces such. a lLates 28 (EIG 6), air . .control |l ed
t enper atRIpENt BWePﬁl‘éfbiﬂ%F‘%B 1ﬁ1?1§e & Oﬁ‘feiﬂcﬁyt‘%ﬁﬁgﬂﬁ?‘@f @ﬁk‘dﬁ’t‘?}bﬁwunit 20.
For exar@nﬁriﬁ?ﬁfegii %ﬁ%hﬁiﬁv&&:e@f flexible container 10 may contact a heat
transfer surface ? .g., one of plates 28) of interior 25 of tenperature

control unit 20 (FIG 5) through opening 210 to control the tenperature of

the bio rnaceuti cal tetial, in flexib cant ai ner, .10. ternatively,

i de 12 PP cxi bl B SRR fatp “b UL s an o ol S b2

PCT/ US024,35 1% tiiObidptitnhdeutibal Ghdt&ritl flidthighiads thowdibdity 4B HetmpRicat ur e

control uni't 20. For™ exanple, the biopharnmaceutical” material may be frozen

or thaweieazing &omntn Sincehctemperahiraigradient betwigpe thefiepbptnaceudstd ai ner 10 i s

received in frane - d. fra 5.ks.receiv I e [ ntrol unit
20. [00 1]331]“13{553%,3 P %f%%blf 80%ontteéwvﬁ%lfthiEfl(%en%ty‘glgcgg%aﬁiselgg}%gg%go%otﬁgr essed by
pl ates @W8phdriateutiRhl mibedls b stlatity &ff thy déndritie dreatihf filohecdw lephar maceut i cal
material, and flexible container 10 and frame 15 are received in interior
25 of t eifmdioted by cefrriling the (eippersigre ¢f flatped. the contents of flexible

container 10 may be frozen or solidified while plates 28 are conpressing
it in tenperature control unit 20 to cause flexible container 10 to have a
di mensi oj@0di00i dt hinld prefenred edibodimdnrhebeis wepovedifrat thepeni ng 210 and second

. 21 FIG 6 f f 15, ichis | th | t
o s OO BRARGRHB LB A AL+ R DR Ol PR T SIS skl i ect i on
as di mefgideRdddotrecitiStodt MaMiDbbseANAIR ABVoliRe BRiHe Mo eaREAr Maceut i cal

material frozen therein may be confined within an envel ope or thickness
defi ned ipgtefiaksme alBbstarBially oppstas selegity pEtheWeedriisrfregemarfitond in frame 15, a

substantjally rectangul ar..cross-. secti onal fisl:8 ] . flexible
cont ai nemfﬁgrf‘?éf\?? ﬂﬁa %Q%BP% h%?}%%ﬁ@}?% 3 °f Rl frlatflc haARE AbS i

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.

[00101] 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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material therein. Such a cross-sectional profile pronotes contact between
flexible container 10 and heat transfer plates 28. This is particularly
true in the ocosmses of flexible container 10, thus all owirgg/fsoeszilng to
proceed in a uniformmnner in a direction nornmal to plates 28. Further,
the conpression of flexible container 10 may force the biopharnmaceuti cal
material in flexible container 10 to occupy any voids or spaces between

pl ate 2§ aadl bt Exdudtigepnivahingle ttMpeldjure echirdl mgit@0. Fonéxamplaghesuch  voi ds
or spaces, contact of plate 23 with fl XI bcln ﬁontﬁ:i n@r %‘?(')frr?% e nore

uni f or nbloah@rnme@tl@étr@éer%r@y ﬁiﬁpéﬁ"q’r‘?ré BVehyhie 1 Hetblp SR Kauti cal
materi a e I 15 may further
i ncl udek&%ﬁ%ﬁbﬂ: I{t&lﬂjl(ﬁ&&t&g]g&%ﬁhg%ﬁ grﬁafn Q%%?kﬁglwgd?op 280 to

pr ot ect te’xlﬂipérﬁumfxmntrothmm@l e contai ner 10. Top 280 may be hingedly
attached to franme 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

prot ect (ﬁg' bl e&l@@tfﬁe!xnﬁé céi{%améilmqna;t@@ac&gfbdrfa»e coebigeddyplae e 285, as
best de |ct may be rel easably . connectable to

si des 2@8, (FTGuS), \Adleu%lvstémgall}z@IVKE))NEIM@%@OB@IP@V@S@Zﬁg?@Sdeonnect top 280

to side to aIIo 5to TR wth or
wi t hout %ﬂ"g’g&i ematpgt a‘?‘ﬁgﬁ raerg ARV q‘llilierﬁée}l?% %Sarﬁ&ﬁlgérfr%t&f con%réflsn
bi ophar pRgeY! iFaaheMiddnddnts &Tf&mlel&)myeramﬁ@r bbfryzdneor Solidified of material s

which remain stable and retain their struct u[ al, opert SpeC| fically,
such natvdiliegilates 3% atel c@mpsessing 1t IRAGPPIRHER FORLP Wg‘jt feyﬁ%lbl exhi bit gl ass

L;?E;' '; I@gﬂ%{“%ﬂ? G S\f EdiRnsidh gp%{dtﬂ kl"gﬂrpe?&?éc'tlﬁﬁ bggveéﬁ GE@BBerigd Si us while

eani ng agents an hods conmonly used 1 n
bi ophar rrageyl lsecaindm@emhgan m (FIGg 6) ef fijame $Hdivhioh 1SHy$$rtba¢1 eequalddiaum

hypochl ori de (CL acetic etc 104] FEor | e, sides 260
may be fd@ﬁﬁﬁo%PrWﬁ?%@éWm%zE%oﬁm% 15 e g t]?)ﬁ%gBSO and bottom
270 may d?&eﬁ;gé;ﬁ"?fis th&l ALRbRSOnBIRENO héshﬁgthesm@gﬂ@nn&@aucabmamm 270 and/ or
top 280 nmay be made of any nunber of other nmaterials mclgdl n al um num

pol yet hyftene ihqnelhypatsolprwcmﬁ@ed pohincarepyelapeor diknps|dp @H‘?‘?@h or exanpl e.
Further gato%f)raels,sslngﬁgx1'bp Leonfathef ?Wnof%ﬁlg 1gnaat %ﬁhﬁalﬁ*i%&a@@l&'cﬁ'&s%

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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reinforced plastic, carbon-fiber reinforced resins, or other engineering
plastic materials known to offer high strength-to-weight rations and which
are servi veaisloe7@e various tenperatures of interest. |t widi/ussesssusder st ood
by those skilled in the art that sides 260, bottom 270 and/or top 280 nmay
be nonolithic and integrally formed as one piece or suitably connected
together. Further, sides 260, bottom 270 and/or top 280 could be fornmed of
a sane mahﬁc't ‘edp 2(8& 19.sidek @60 keabwshandle) 285rto ta %yippminlocbab@ ffaarenteSdw il

di fferent nnect ed ether rame 15. may al so i nclude one

or nore Or% EWOEWH?%HSH%?FWF Sy Whishmay€oping ™ ypr i ght posi ti on,
as depi %(gﬂahﬂaé:elugcal n‘slatefﬁ ‘P‘ra{lﬁe %Hﬁﬂﬁ'ﬁ%ﬁﬂ?@e%rlﬂé@l%e&&idlsl ®Hichn the art,

f oot menbers be integral to or connectable to one or nore sides 260
of framgemsin qtzﬂﬂaqu refain thwrstrutmlmlrpropsrtmay Specifierdlyt sthmenttyials eceived in a

fepi ot ez e by T S Eraely PSR R ul8M B8RP g 210"

and/ or SRERREhANRBAIGE maegr&smem@ax/hﬂe‘ﬁemg RkietagpRtokdanBiz alnts wheén fl exi bl e
container 10 is received in frame 15, frombeing punctured or otherw se

danaged. methedseammenlytised iniophsyaicentenl MERUERCEBIEREuERAEn pl ur al ity of
apert urehsdﬁ_ogédt,gg(ﬁ%e lg};ptoan rl@%(/ﬁ %§§§§J%Eac¥eﬁ@5&& Qugh, when flexible

cont ai neP réecel ve in tenperature control
unit 20 (FIG 5) or another controlled tenperature environment, such as a
wal k in freezer. 21 WO 03/037082 PCT/ US 2/ 3 gg Ag(glrtur es. 255 also allow a
visual dORTPA] of Forexamplss pides 40 mHebs 1ogRrd PEIRYAPAYIET re8) (U-Ghen

pr ot ect i egC @Ngamg@g) fs@va%a%o& n’e}nﬁo kﬁag bEBrd SAnbEtNERs ARoesiglsosed in

protective cov are stac abl e rizontally or vertically, as depicted
in FI G 20, batom @¥aapd/er topr280audy teimadetdf@anyg nuinber ofettleer coateridds bet ween

adj acent, faces of stacke b revent not shown) to
permt dHﬂP‘li‘ﬂ'@rag‘Hmﬁﬁ%aﬁg' @lﬁyeaﬁrpoﬁ‘li%?@ﬂﬁr%x&aéﬁ%‘ﬁ?g%m@ g&ﬁ?l&?ﬂ % for the
rapi d angy sinhQE NFEAMKRAtels AP idcAiRRbAIpYSIE WhRHals isidtedsi f0dss25 Of
tenperature control unit 20 is cooled or heated by convectjve air effect.

Pr ot ect i ivinferoedplagtig catbon-fiher winforcedirasini erpther anppapng plpstied f | exi bl e
containers to

cont &l e ok s ko b SRES A SRR Gl AEOR o AURAE GeQloRaEGt | ve cover

rcren er, cover may be
conf i guregioh® tengsedtueesfof ﬁitel’ééte Imﬂtbalmdérsfb@d 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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fromthe top thereof or the bottomthereof, as is evident fromFIGS. 7 and
8, respectively. [00106] Frane 15 may also hold ancillary equi pnrent and
tubi ng. Fao ewamske, as depicted in FIG 10, franme 15 maydmussguspped w th
a channel 16 along one or nore of sides 260 and/or bottom 270 to route
drain tubing 282 (FIGS. 10-12). Flexible container 10 may be connected to
or integral to drain tubing 282 which may be configured to be received in
channel Alfrtutds@55iadso dllownmyisual cbutcd ofi thedniezionoftht flexiblet eontiineg 1for t i on 286
and a vertically. extend] ortjon %@7 to con2%§n1to hori zontal and
d

he
verti calVIsBPr9tEHL eoveR versgrangsl 5y Ve PERROF %‘P@ﬁl‘?ﬂlf’loﬂe Ynpartnent  or

cavity 12t88KeR@vbioL £6 shBkMRERbrizeRkally oPlertitAK), BS Gerf@tbd A TIEY 91Rrand top
280 of “tframe 15, as depicted in FIG 12. Cavity 19 may receive drain

t ubi ng 282mpler Isbothasjimations; titintate epstaghbetwaemadjadsnhipcod stagkest eases t he

interior_of flexibhle container 10. JFurther Lav] y..1 Rel.ude capst ans
284, ar JUPSRIELHILE &Y Hova g SaworpenEt wpubdet bporedhingdit her cof
Cavity hfrafPsmeétt$PfaRerabicr tHe rapipRed tnifdrexddai®] 60Me adnstatu@cAdRBSOri es such
as vent filters, online filters, connectors and sanplin

. ..con ports (not
shown) . iaasipn 35 abtempprabirs ¢paEolpni 28 ds saphedAr hegted by consfiyeair E%?‘Ftng st or age
and tr 9 LONA AT, I £ of [£ that can
becone ?}?@%@a&aotvgp%%%vﬁg 2 %ée:‘%; %{reglgl % Ogg@}l@yﬁl%g ﬂrf%?/[ﬁ es g%:rﬁ{rﬁg@f? Flde& accessories
in a safteichesk defied bisterionirfice iofigrotdeeivacoes 260 fesnbreefficiont stogageway f r om

frame 15 and f| exible container 1Q angd being damaged. or ruptured. 22 WO
03/ 037082d pandlinsy EBSOVTrc?éﬁelﬂthP %‘éfﬁétcflfe&ﬁlﬂe?‘sx‘h&xﬁo @P%égt ed to be

recei ved.| i j HEMiGRe:; h as a cart 290,
e Gep iR BhMAAT IS bonPuliBRARE dAGPRAENGEET BUBT 22 B v be | oos

t han or reguetivelp a di nension or wdth 295 of a channel 297 of cart 290 to
allow frame 15 to be received in cart 290. Also, a bottom side 298 of
channel 297 nay be at a sanme or simlar height as a bottom side of interior

25 of tqﬁn%%ure Qe 18! masnilko BAld aRsl189 Ry Gipant d &g, Fobdkdnipde,14 t o

al low franme to be easily slid fromcart 290 to interior 25 of
t enper atasdepictedtin FIGuH), tirapge 15mpy heequipned ity achaoaelcldralong ongirt 20 may al so

i nclude 2 MOYSARL 566 HRDSK Sotfotn AT 10181 afin [bRNEP282 (FIGS. 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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15 in interior 25 of tenperature control unit 20. Moveabl e support nenber
22 may al so be advanced outside of interior 25 with frame 15 supported

t her eon. Waous/03703pveabl e support nmenber 22 nay be advanceddmusn2psisnt
wherein frane 15 nmay be slid off noveabl e support nenber 22 into channel
297 of cart 290. Also, channel 297 may include one or nore channel
supports 292 for supporting franme 15 in channel 297. [00108] Tenperature
control [0010720 mEyosdoser, franleudenay Heradnpted thvbamiceiyed imexiaragsmit or advance

frame 15 outside of interipr 25 t enper.at ur |l unit 20, which may
be act i AEEPHIALQNdeyice. 280 252 Cﬂ’g%?(’eﬁ% Sifed e iET 3. E%W}e’t he frame
advanci Rg{FELIASY B ETRY nial Bk ULLS (3R 62 Bl ] $/9 BRAdnsTHRIMR SFidR2989FAY advanced in
response to activation of "I ever 23. Thus, franme 15 may be easily noved from

i nt eri orchariif®l 397 pEerpt? 2t toradlovoinmel S torhetrepdvedoingsart2999@lioh A bokemnovenent of
bl e, 22 .hol di f 5. t zqnt r ol it
20" ana. GiEBaE BRI ET na p2as sbd or Mot AR b ERRR R e B L0, U

i nsul at e gfabhperh@be ERatE U 20 RtdepicRE S FIGSIS gl B-04 agalow frih@hSpor t at i on
of frame 15 hol di ng_ one or nore flexible containers 10. In addition, for
f

| ong t erterbe eesiygdiddrors kart BPO phisttarine duet Eapesiee sertroldHi 2 hedhetn 1 exi bl e
CONt o MGk L5 ST 20 A By L SEDIZ i 2 ehdahl s St o

a cabi net eézer “(not a uipped wth ralls or
channel 1554pReribs2y obkmpbowry cadmb urit 20 0 Maveable sufpoamesmid.22[BH109] Fr ane

15 flexible, ai 0. ] defi ned iti Such

2t ange TR bR S P IeHAR Wb ARERe 1O LR OTFY qui o f111 ed

f1exibl .Ei?oxfégﬂfe?is‘uggcgrt f{gmﬂef‘?@ﬂ{a}r'b@ Yh@ced B pdihd WhGeRThrSl B9 MAPBe Oper ati on
[ the self-s

are facilitate anding position of flexible container 10
suppor t esdidloff fosenrblelSippotiamcmshep p2 itte chad®eViy 70d] @8 2082 AbET cusog) 25135 by

foot nmenbers . Alternatiyvely, flexi cont ai.ner. 10 e filled and/or
dr ai ned mWﬁnFé"%F CAAE! E?f%%\‘%ﬂnﬂé SPP%%{%@? 2%8%%&1’8?’%%‘% oo @%ec? %’nleis | ocat ed
inside capyt 290. Cassically, liquid filled flexible containers are drained

by gravity. Flexible containers are usually hung upside down or at |east
tilted to permt a conplete drainage. This operation may be unsafe and/or

cunber s %61 Hgf to 'Pgr.h}%}&ture control unit 20 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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constraints, for exanple, for flexible containers with volunes higher than
10 liters. Thus, it nay be desirable to hold higher volune containers in
sel f - st andiog/oBreeees to facilitate drainage thereof. [00XPQjudor/3susst her
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 360 for supporting flexible container 350, as depicted in FIGS.
15-19. Fbpfoet nizGbersl. | Alttradvedy, [flekiblesiotieninet A0 neayr begfilledsandéor 38Gneda bot t om
side 390 and_a tap,400 onnect abl e to, each other,. Flexible container 350
may i ncl Y,Yg egampé%d@vw@ e&‘ﬁge contaper Wabergins {orafeddesidsiedbt90mr e proj ecti ons
or  post sch2QcAfOlighidl MRATNRE Bhtainss HY drfRed B olvith! RERi3B0 in a direction
substanti a%ﬁgl érlgen(ﬁ]cul ar t(_)g(:)e?l{l rsi der378 Qg%d }lglg t éi de 380. Fl ange
405 may tantdinete amnesuelly hongupsplerdowmes atlbdstdilicd s pemetia cemopleecei ve one or
nore posts. 420. ecifi.cally, the one,or re posts 420.may be inserted

t hough t & BR%E Eﬁgr‘?@?r@ 1853?%’&%@5%%5‘}%%06”&?@5 e(iflf(}oﬁ%?;’igqﬁhus suppor t

fl ange 4@straint, Fdtestamplee FirfleRitOfnaiNes wihQofibtbsaiyhes @dinel0tiFerk her ei n. One
or nore capture flanges or nenbers 430 nmay further be attached to top 400,

may be hilhisedfimgay bedestrablcdo holddrigher velumgcenebywisdnseli-semdingfitenciéy be

adapt ed . Y nore posts 420. Thus, when capture nenber 430 is
rot at ed fag{/l\g?ﬁgg#aiug%ﬁ%g eer&?:f()nt ai ner 350 and posts 420 are received therein,
posts 420 may provide support to flexible container 350 in a vertical
direction while capture nmember 430 y inhihit or prevent novenent of

f1 ange 45’91610!“ I exF‘b@@ﬂ%‘% 0%@“@36&3 RTESCR}i RGP B %i?}gl?lc@‘iltalﬁlﬁ)r posts 420
and away R 8ok fnBceutRal Rk AQMAbindhdyS5d 4Bk td BEFREQESn Such
support |3§ndt egﬂ\ﬁ}]e%gggam ic?uec?pgn may e‘:’i‘nlﬁi i}tﬂ[%ag ?eng of colnt a%nner 350 and
such supframe 360 fortsmppdrting flentbdd catitaimer 85 rasrigpictedhin BIGS cldat &i Freme350 from

el e. e Sl e s argBe s Onagott SidR 2o aae LRl e
ti e- down dRepsble48 QadBIRECS FadiBle konthidMg 53 ayiisclbdeSa A 409%95¢s 460 (FIG

19), on an exterior surface 24 WO 03/037082 PCT/US02/ 35135 385 of right
si de 380framed 360 nzay insinde Py orsmefeareeqtivns o pesh2Giprojesting eyigiarddyo, f or

?é?g’él €. fr|6r61"1ft%p ﬁbg of ?rZu%e %%6’18 b dfriegcﬂ)th sﬁ{)s(?aentféﬁ9 p%%mﬁlc&lgr f.origft gﬂ@ 395 €r tures 470

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
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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15 and 19) to allow tie-down | oops 450 to pass therethrough for attaching
to tie-down bosses 460. By connecting tie-down |oops 450 to tie-down
bosses 46W0 d3lexisbl e contai ner 350 nay be secured on its HuavwHEBsidse
portions, thus inhibiting flexible container 350 from noving away from
frame 360 and bei ng damaged or ruptured by a foreign object, for exanple.
[00112] Al so, flexible container 350 nmay include one or nore ports or
condui t s383gbrigls sigle| 38@ aind seraniesterior swfice &t showfofbéfopdasideut i cal | i qui ds

or other _ljguid [ es.int.o and/qr out  of, interior (not shown) of
f1 exi bl ee’%:oﬂ#t’ig‘i el Siged 70 aag/or Flglﬁtg“‘?e Opspay al%lflgﬁfi%ﬁ%e%@ﬁ FIG ude a

t ransl ucefhnd19)ito allswalcedtwPRbpbt 850 $h3Rsd BeditrONIA, - | abel
(not shown) or other indicati o% to a%&zereas %gtﬁreal%%rﬁ?%%ﬁ?\ékyﬂflexi bl e

cont ai nePos3sH 00 HBhcwesting tiaxdewn inops ASH todicodowsbessesdsite detiblef | exi bl e

cont ai ne ihel ude. witten.intormtiqgn,. an enbedded

m crochi %(,)m%ﬁ%és-ﬁpqu eg‘n%%c?%?%hg%s&% gtP ﬁ%ﬁdeé?og&qsomug "’gﬂlﬁﬁ%ﬁg’flpg bar code,

for exanpimaingn 50 em mdvirwsper fob fafdI60mand B0ingAehdeédis Mpfurdd ) 4de a
fiber opt'g)c .gui lc;he/r?a_der of a waveguide, for exanple. Left side 370 and/or
right sit&“EBEYIeEY Y I%BMBIE formed to include one or nore foot menbers 490
for maintaining frame 360 in an upright position. As will be understood by
those skilled in the art, foot nmenbers 490 nay be integral to or

connect all0d12p | ef Alsoi flexiBiEGoatitico 850 inghinchiddens 80 mdr@Pdrtdr chaguid00 nay

i ncl ude |l e .402.t0 allow.a user .to carr. lexi bl e, container 350, when
f1 exibl e%%ﬁ?dg‘f’ﬁ’eliﬁ CEH PreXfTACen, IPW'C‘FP%FﬁBUéé quigs opoier Uguidsrit £l exi bl e

cont ai negas3SMtdRIdNG it BS friHdradr(Motfshdb Wb ek b1DEGRA el terial.
Top 400 _nmy al so be adapted to(be Sconlﬁ)(ejoct eed to fleg‘fﬂl?lgg)' cl%&rcletqg%l%{es? 350 to

al | ow t oplzdé: Frame 360 pravinglpdea truslucenitaitlaaspads0 postionH8Qtio Allexabl e

contain :bei o4deft,. side 370 right side 38Q, or bottom
si de 398‘?5632’% gﬁiag?"eeg%?dﬁ‘?%% Pthefjindica 18“3%%}‘5%&990 ﬁ’ﬁrcP’gﬁe’P‘Fé?g i bl e
cont ai neflex3ble comtainecs £ wdieh wudtoa 1adpl A0RicdiG2 dddchba tnetibRofRedi ment  of

the presgnt j.nvention, .a frame 600 may include a first portion 610 and a
second iﬁ’r‘?\i%?‘a)c ‘ggb‘i‘cé‘éﬂec‘ﬁnﬁ@ ifreten @nembeddednpistodhip, e anot her, as

ggfl)_'/ ngg;défgli%e‘ﬁsdndgﬁ‘a%?elecﬁ%nﬁ% Db Lol ?ora&gltngﬁar. Fuf eX\D 03/ 037082

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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first portion 610 and second portion 620 al so may secure fl exible container
630 for holding biopharmaceutical materials there between. Specifically,

fl exi bl e waniza3mse 630 may i ncl ude one or nore flanges 66®PoHL/35138
connect abl e between an interior surface 615 of first portion 610 and an
interior surface 625 of second portion 620. Flanges 660 may include one or
more apertures 665 for receiving posts 670 projecting frominterior

sur f ace fis postfonsdOaind seamtliportichXR0 disutmay scusiflekide c@t@ingf 6Xifost porti on
610 may_ al so ji.nclude one .or npre apertures corr.esponding to.posts 670. The
recei vi RLIS grhasmaeeytical I’éﬁ%ﬁ@ﬁﬂ?& °¢th %Ff@gﬁbggﬁ%’% c%lﬁﬁ??range 660,
and th“%g%rla‘?%éh& &f&ﬁ%&%rﬂaﬁg\%@mcﬁ LAREENBABId etwearinageet ween first

n secon

portion portion 620. Thus flexible container 630 may be
hel d betwdamr Gl5rtfirg@ottionrd 106m0 aanttedeicmfdcepor Afsacamostiontihat | at er al

and/ or rtic support, is pravided 1o X| L by first
port i on\ﬁ e%ﬁ%“ @g@ﬁﬁ@%&?ﬁ IPOR 828 T R B0 nG:S 3‘9}%1{8{:%}7}1%%%{0%& %gggg)i&é% Thus,
f1 exi bl ¢ompRi@idietrfiRB25RY sé@hdipdrtidnss2ohdpericiuifage 619 6f fhgt pdrdoeof
reduced saggin? of flexible container may be_achi eved, and flexible

cont ai néi 0@y alseeifclyde eRMOTANAEAPAITIIGS FOTAGFPRRRE BROSEO78ALE def i ned by
frame 600, .[.001d15 (] ' : i 8n@knyore ports or
condui t $°%38"8 9%péasf%:é)&%%%g§%fﬂ %ﬂgﬁ%ﬁ%ﬂb@p g??ggeuti cal liquids or
ot her | iflpnitls céftaig@se39, whewflamyedderis metived betweemfisst pationvdd ashown) of

| abel 6seccaoer 7). ot ireosne oo e Bt BRES Con: et o
f1rexi bl &6k ALAGA P&%ﬁ)&‘@i&@u%ﬁt Bidr AR/ 0P VertiBAisGBS R isipfodliddehed to

fl exi bl € “contal ne so, a pivoting side 612 of first portion 610
maybe offemitié eortained 430y fitsepdrtibe 6tdmdasenend BBGHon 62Gipconimgtion Woht om si de

614 of first _portion 610, when flexible container 630-4: bstantially
filled WOPH 6850%% %ﬁéé’% ?Ocpég}m‘?’fsd?@ﬁlaé’l retafi it shape fhuriie gl;hglﬁ?lgﬁ&eeosfgont ai ner 630
to be e&Eﬁh@&@a% SHIMIEKIRAC cShiak: My BE hetkibwed, ind fldxehit bheaineosB0ai ner 630,
during filling ereof. After flexiﬁle container 630 is substantially

filled whahbdeaydinedithionnearelape ef spase defingd by Harei 490t | exi bl e cont ai ner 630
may be taken up and flexible container 630 nay not overhang bottom side
614. Thus, pivoting side 612 may be cl osed, when flexible container 630 is
subst antjogh 5] f i | | Eexiblidohtaitee 680 aplyandadeenttior alorepors dradondeits @ioot ect a
bottom portion_of flexible container G?H from c%nt lact, wi t h any, ext ernal
obj ect s.to allow filling or draining of biopharmaceutical liquids or other liquids or gases mnto

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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26 WO 03/037082 PCT/ US02/35135 [00116] In a further enbodi nent of the
present invention, a flexible container 700 for hol di ng bi opharnmaceuti cal
mat er i al swoens/i3nsk ude one or nore sl eeves 710 for recei ViRQg/Es03BpPRsr t
menber 720 for supporting flexible container 700, as depicted in FIGS.
23-25. Specifically, sleeves 710 may be di nensioned to all ow support nenber
720 to pass coaxially therethrough and support nenber 720 may include a
suppor t i[00116pd orinlagfttkepiiddiment 25 tlendesangnvgntipar 4 flexibk3@ntaideso, grip

pbe formed such that it is.|pcated over the r of

ortion 730 | i ;
G avi Ly P IpT B RATRIRURCR} SR TR T BiF Bhe OLURITINGRS F00LTs
subst antﬂe@éi{/ﬁﬁgfa!s &feﬁl%elbmpﬂam@%ﬁﬁ{rg} falbl B! 0, ?fhe%t&i g cont ai ner

700 may be carrie y a user holding g portion 730, for exanple, when

f 1 exi bl FIGENRA2AeSpFdifcally, slatrats I 0 inzdyl be dimphséahedito Rllow quiprprt member

bi ophar eutical materials. Further, su rt nber. 720 may be. adapted to
o n rorD o et Gorbany DiefeRioval e Firop el 22 B fnclfs {EpRtigg P s o
f 1 exi bl eroﬁ%?‘l%ﬂa@ﬁ%réioﬁ@@S?ﬁ&'a%ﬁprp@ﬁtﬁinvﬂ@. iADsc glip Pofithnl 280 BYes 750, as

depicted in F . Protective cover 750 may include an inner foam|iner
to i nhi biormed syshdhasiittis $onated ayer theserfer eiggravity ofjfloxite eonteineail¥er 700. Al so,

: i - L. it . o0
P % ey Paat o atls Spapy 7O IR RAY i W M Qe B GBI 8 DO 7
| abel 76@exivldddn@iind: J0b abglbekhricdty dest holding gripeoetint 238, $orof f | exi bl e

container 700, which_may protrude ahove a t surface 755 of protective
cover 75exanmleihspdexibln¢ostaasr 7980 ﬁ"g’;?taéﬁlég fﬁ%@l‘l‘?&l}eﬁ nore ports or

dui t s.. . i aph ; : ials to b
Conc L iR A B 8" Y e BT BRI 3 0 b

inserted therein or renoved theref 1 )
support merdyhan GxOflexilyle bontaimer 7@ ds depicted 1 IGaGe. disa, figgible wimtdirersuppor t

menber 720 supports, flexible contain 700, .whi.ch.j stantially filled
with bi ofifamad %EﬁCFlé’aﬂl* 13 PRofqeLyve C?W%é%fﬁglé%‘%%b%gﬁ-i%@% ,eg‘évefi rst end
722 of syRRPY) ABTRRINIEZR iRy Hn PnaCe dniAbit bopreOént 3hedkPRGUplurigg bf ame 810 of
storage unit 800 and a bottom side 732 of grlg portion 730 of support

¢

nenber 72¢xiblerpnismepTl edlsat protestiseewiet7 XLppy be invylataddaemaiaingf st or age
Ethes gggﬂ% ef)cgﬁttglingg%m;%tga esﬁ%c? te%%ra%&r%p @Qnﬁéf%%ﬁé &91‘(;&5@1!%0%%’ may include
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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822, respectively, to receive support nmenber 720. Thus, as is evident from
FIG 28, supporting nenber 720 with flexible container 700 attached
thereto maw id@3emsi ly slid into storage unit 800. Al so, tAta/6s30d8s136f
recessed portions 812 and 822 may inhibit novenment of support menber 720
al ong supporting franme 810 and second 27 WD 03/037082 PCT/ US02/ 35135
supporting frame 820 in a direction substantially perpendicular to a

| ongi t udiuppdrtidg fiaateisdn ivh dvagpordubsenixdly péa@ndishlat o clongamdieadl i n st or age

unit 800, Fyrther, storage it .800 may .also inclu dividers 840 between
adj apentdlquB%F_ @PE%F_?Fﬁ%F gy&?’ﬂ@?et‘i?nfaﬂ?‘/ﬁdﬁ’f‘Ptoﬁa@ﬁflﬁggsg'ek \‘Rﬁ%ﬁ’ adj acent
f1exibl %t&egigﬁniggq(ﬁm&@ﬂme@ iREHEHA Qi SKI810 hRtwed R ABESerk BlekiBf: donBXAd) €

cont ai ners ves' or their contents. In another exanple, a support
menber 900 tO ElEbit 2&)tact betwdeardiaocers dispible contavss Whizh mighttegde® a t oe el enent

910 connect ed .t heret whi.ch is adapted to. be received..in and to rest upon
second R pﬁfeﬁfbémoné%efg ﬁ&qﬁns[eﬁvg,g %ﬂ‘ﬁﬁ&?’%"e‘ﬁé-n%%?m@% e%aanﬁpllgeavert i cgl ly
i nser t edyPhork BRmRF 9SHERG! LINGinfila s Bhort atehee 720)dndtdysertbé slgniename 820,

instead of being slid onto_ supporting frame 810 and second supporting
frame 8210 cesnedsed heistse MthichifBdaptydty, be eeriveig apgd {hSsgHPORFECHEENt ai ners are

descri bed her.ei S i i 1 de of a
som 11 gUBOTRDR T LUSHURLELERRLR S obY ey BERLELAR Bl ARAITE, T

mat er i al ofi¥appdrehgframe 830 ahd peoad dhgporthigfiame R2) ynstédadeif beingstidenppt y ~ and

when filled with a bi ﬁphgrmac utical. teri%. n exanpl e qf Z@‘fh a

cont ai nefPpeBBEdramed1{qad secogflsupprating frave 42038 for TPRYYY IS %ﬁf ic milk

jug. Containers made of such simlar sem-rigid materials may benefit from
additional rigidity supplied by attachnent to a frame, for exanple.

Fur t her ,[00Hd 8¢ ont aAleoughwhetdndainéns mredesofibed hefdie s fi¢xablgrcosiaiviers; thgi d
material, cqntain 3uter surfaces ich ?clont act th interitﬁé surfaces

(e.g., HOMARTSHRY F%dﬁtogg)serm"n&l BFSH af‘flﬁ}f%s%o&%ef%?%f’neu iP58%s0 that there

is  di r eglchCPRhAG i PARRBE b fetSiAGseHadetand/or stafd ap By IEEI wheaBRGTAL Ur e) or
heated interior surfaces of tenperature control unit 20 and the outer

sur f acesandfwherefilbesiwigh mbiophamacantinahmatstioh o peaserle PESICh feroBTANEr s

o et e S s SRS g SEMB A oSl L1

of t enpesiah WirRil4esihi-abidunkteriZl® niay Weaeliefrdh additohdl nigidatydstuppliddeat i ng
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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of the containers having the biopharmaceutical materials therein to cause
the tenperature of the biopharmaceutical materials to be controll ed.
[00119] Twe dsiocpisar maceutical material in the flexible coma@vessdescri bed
above may thus be cool ed or otherw se thernoregulated in tenperature
control unit 20 (e.g., to a subzero tenperature) . \Wien such operation is
conpleted, the flexible containers may be renoved fromtenperature control
uni t 20 rbseivehin\or egnidoed ftd, st élaenple oThafrmaesoraikr stygpoir ames, or ot her
support structures which {he flexible containers are WD.03/ 037082

B Uso 2rsties holes frectixiBic sortanreerc se5ed o 1%@5#@?@@ O ¥R r anes or

ot her SL{Qi] gltrl irg%ﬁc%f%ﬁﬂéﬁﬁerg%!rghf‘%o o gti X bR U Eor&RTM L bk e'SEBfﬁFI%? stored in a

| ar ge chi reeze an Interior alr tenperature of about
negative 20 degrees Cel sius, for exanple. [00120] Al so, the

bi ophar | cal terial jn the flexiple containers described above ma
be rem){Eﬁng m a nﬁ’&tﬁf’ ﬁ?@b@gﬁc?ﬂlﬁa&nﬁgﬂﬁl ngeaﬁ?’{]l]@etcﬂ%tawg?i tion of the g
fl exi bl 150 MBYS mafBE ré¥ ARl fom ﬁﬁd/@ﬁiﬂgéi{e%dhéréinlﬁly@ptaﬁﬁ% tHel p¥itiohe

container 630 received in frame 600 may be filled with Tiquid

bi ophar mfdkeflexible qontainetsal For lskarnpls, ascdspipigding36. My flewibl sapinerd38 600 such
that condui.t 635.15S v j . exi bl e

cont ai nér°83 ?@@OIB%’ gen%ﬁ%&e\%ﬂh?/fqg ﬁlrlﬁ{)%hga}@%éﬁ%gagg%: t&ia? ﬁg?&%hondui t 635
i's slighdonduieb by tdatiixofrdraec0l sichahat codlit 685 id @pdvetagsbtiom dtdéof 31, or by

turning frame 600 upside down and allow ng the contents to drain, as

depi ct edTjmpe 6@9-(34_1532&’?1?11@ CORtRERT ?3%1%?15\%0 g’SﬁPQFl?FgQ%t‘H%‘%&ﬁaB’@cfu%ove may be
St ruot ur Be (bl 8RR b SIGN &y BB b B o e TR og o
]E)r Io?: essitygtuaridg frmerco8 epside ngn i plihewing dletanteals to rdwﬁm,rla'Ssallepictaddes c r2 isgepl as
ol | ows. i bl e contai.ner s inserted into fr and .taop is
cl osed, %@-gépi ofer qe B]%&.Onté‘y??.rs S&%‘P&@r%&&ﬁw@sﬁeﬁ‘éﬁﬁwﬁ TaeGr  exanpl e
liquid b Rﬂ%ﬂr RS h&RbultB Eihe FamdsDr si§Rit Beclulds 96 Michapgpat 120 into
flexible co taSi nerwlo. Elllexi%l e cag%\tsairner 10, \c/\,hi Ise helld i%ufrarre 15, is

t hen i nsatackablé.nto tenperature control unit 20, as shown in FIGS. 5 and 6,

where the bi opharnaceutical contents are frozen in a controlled manner
(e.g., to negative 20 degrees Cel sius or

[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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bel ow), for exanple, such that the freeze rate (including the dendritic
freeze front velocity fromthe sides of the container to the center) is
control | ewomstoaras2upper and lower limts, as described i rrdi&o2Bsi3ent
Application Serial No. 09/905,488, thus preventing or inhibiting
cryoconcentration of the biopharnmaceutical material, thereby preventing
undesirabl e degradati on of the biopharmaceutical nmaterial. After the

bi ophar j8@¢22] cal aflkbe aviden td thexé filiBedciorthaam &omnilibe h‘sovferdezcﬂiptiom exi bl e

cont ai ner . be re e erature contr unit 20 and
- ncad That oG Lo aEAn (F1G o) B Harerts Bkt ds JaPP g an
Interi Orotl?ér{?wsreQ@%lﬁét@H uﬁ&stefedqmietsaﬁ%gl%h&eas%@éxﬂqg%ﬁﬁﬁem sius, as is
typi cal | resen ge nedical institutions (e.qg., hospltals) 29 WO

03/ 037ospeca<ﬁwlu5cfmxﬂsq@@talpwﬁg zqaw he wpdivedio feamefibtand dranteck® 1% | | ed i n

the art fromt#t ove descri 0 n (FIG 15)
may hav&® 1?%?“8@ FH%E‘?IEP??J[&%WH ({1 1%% %hﬂlgrf rééraz\?\nr §rehe%gegul ated and
stored ipestibR c%ﬁfﬁﬁw?%ﬂ@@FI@Q(c)fﬂlﬁy(b@fe@e@@dlhﬁfrﬂﬁé 600).it m3peaiditcal 1y, flexible
contai ner 350 may be received in frane 360 and frame 360 may = be inserted

into tempoieatsfrezen dmtammeraiecontpnl ainit20gpac Bexdble cenfainerps30 mavasehe or heat er |
o DoRERT LY Palk Al B Bionfily TRXRECABARL VRO (0 MRy flivel L TEY Dave
rat’u rol unit

its CcoRfBRtL 4 rozen 1 h 6 Cont exi bl e cont ai ner
630 may sapperting mepiter 0 bund ﬁmaglblemsmrtéd mmmpeﬁitmelcanﬁgi unitIQé)xurbI e cont ai ner

700 (FIG 23) t ted
i nt o( t erpethst H’an%l/ gg%’:/neglﬂli |°’E"Ei rlﬁlrcr‘]’%?ﬁ@tnggﬁo ﬁ@’ﬁh B‘ﬁamr‘?gzefq h?sgtr)ofi ng
i ts contg Eﬁ%& in £vafk-inf &SI FRoG UM @‘eE@ﬁ dngQpH@xY 1tb®111 1 RfRe dnﬂe@to‘é@' k-in

freezer. Fromthe present descri it wl further understood by
t hose skiylthest skilledhe thﬁmthaamodmﬁdaﬁomamayd:wnm@)ﬁow spedificesamples speci fi ¢

| d bed h d t t f f th thod f
o esbr v 1AL A BEBAR g0 I e or P D gRReEns: PhLol e hate FERE mat er | al
[ 00123] JrdrdrhescesdifeiRpyhafiesehtidd@ehatdriaki bl e containers may be renoved

from a freezer or other systemfor storage of the flexible containers and
contents thereof at a controlled tenperature. These flexible containers

havi . .
cont r o B8RRI mCr bGP i FRP b Thpey BRSbly ARMARTRAP e KERREERAL ", D ng
t he bi oph@edReeustheddysteat F ktatage ofithaiflerible cortdigers and contents thereof 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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flexible containers. [00124] In another enbodi ment of the present

I nvention, depicted in FIG 33, a systemfor cooling, preserving and
storing bwopisasmeeceuti cal materials is shown. This systemaraysoenssizsde a
sterile container such as a flexible container 1010 adapted to contain the
bi opharmaceutical materials, configured to conformto a shape of an
interior of a tenperature control unit 1020 (e.g., a heat exchanger) and/or
conf or mtiotenpesitapof ah irgteridmit02s ilereadf Aacomtipfar 1056tatlows anserk@8entfadr st oring

t he bi opharnaceutical. materjials. [0Q125] Tepperat.ure.control .unit 1020 i
conf i gurI%@HP?r_ﬁmb%reSB]gFlﬁg Pi}’éﬁQ&i@LFﬁP%ﬂl °f %ang%pcé)lo&g% Pgﬁ’lﬁéﬁﬁcfuﬁ??‘?llg uni t 1627
for conty ﬁh,r‘ﬁlcfllab'gfé(t)éfsl 1;0&’0%%%&@&19@69%%@ for&dinpm, opuch as heat

transfer épqlat es 104 nperature control unit 1020°to control 30 WO
03/ 0370820 hain4d808¢ 3 TlB&ials e comtaieer analras flekitde comeiner K010 if Fer eof . A

control l.er 1050 al.l ows user to .control, t rat ureqr t] unit 1027
to cont rl%iiertﬁgéﬁtf’ H&e%?rdl/@ﬁ Ozg%m?‘?ﬁj“f&fw el %ﬁg}é@t ﬁ?@ﬁoﬂ%r&%ﬁhl%’ag Bic § as pl ates
1040, t 9eGRHSIB b £ RBIIGatAFe MM shdwet) 16%AMInantefibr 1085aEhar maceut i cal
materials in a container such as flexible container 1010, when it is

i nser t edemptroturgeattiobunit d9B0.oFhe terpetehre seuseiogney be lagated oREROOr Cont rol | er

1050 | | ed t . | ocated i
it or | oGt pfes RHRLEP sb e SRR, RS RIONY) P e onsor may

be | ocat®girsMeras0 s facittiie cohtrdlloftedspedAdi@, refuiatirgxaripl (2,7. @ eraypler ovi de
tenperature feedback to _control | edr 1&5(8,t0 faci(&)bt te cont iiol. of
t enper ataf edemperaiuse Fomgral yntt 19301 degsiiped ihespwnedyH-5; PRERLAPHEA® cont r ol

mper atd PR : PPEHREPAELE
00/ 905, 4B BT PR BT g g B B o ot on No.

09/ 863, 1®8863f id6e filddiyap 22, 2000 1the ehtreyrifienet ¢f whick icherelfy inparpéraied her eby

I ncorporated, herein by reference. The co0].i syste described in the
afore_rrerheF%’ﬁ@ﬁ T?J‘rﬁff*ﬁP‘?'cﬁ‘?B {ngg}zlﬁerﬁ Span %lﬁﬁ% r%eﬁhoﬂ%ftechni ques

descri begh,liBeloak Nnd TR PG aH8RE thaivih Otk destrited thetdig, mysticansdand met hods
of freezi ﬁg, storing and t hawi n b1 ophar maceutical materials of the

present inmcveinneim wbhde Sy'st@mswpg methods plGersing stogigslaad dhagingheat exchangers
descri bebqolgl{]ar&gge%%cgl%gtieﬁaalg Io? iR p?é%&lt%‘fveﬁaglfl.i gb’éc?ﬁcatﬂ?, 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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i ncorporate and/or receive the containers for storing biopharnmaceuti cal
materials described herein and any associ ated structures. [00126] Fl exible
cont ai ner wiom@d3mey be configured to conformto the shape aficT/usweesizer 1025
of tenperature control unit 1020. Specifically, flexible container 1010

may conformto interior 1025 such that any space or voids between flexible
container 1010 and heat transfer plates 1040 m ght be reduced or

prevent gelg., hedt texeBpplates) ¢ff texbbiatire comtial met 10D thhsthersubdtramt i al |y fill ed

may forma parallel epi ped shape.  Further, flexible container 1010 may be
conf i gurcertagihehvemahe peoledi(or hgated g thewinedpagss S(’ﬁfgf’erf‘t(grtﬁ%rs ot her than

that of j ' tRBasERe ont¥idbdSontligtween flexible
cont ai néérrﬁfl%%g acﬁégﬁglé@yf&[?iaﬁlgﬁg&p ates | nesur%:h1 ot henr shgzed cont ai ners
m ght béispheimedutical pragerimit ed. Al t hough the containers are described

herein as flexible containers, the containers may be nmade of a sem-rigid

material. Such material may be used to construct a container which is
shaped t&Po §97 O M} @t BRampIBLEIHE cOHtaih &R0 I HESUBQATD AIRHImP20.
Preferably, t'he contalner whether formed of a flexible or sem-rigid

mat er i alforne eptuailelspipad sheapes Fiaxiklh comaineick0 10 meayi bt formed by weldiegef 31 WO

03/ 037082 PCT/ US02/.35135, . (2. g... h
cont ol SGHirH PeBboLEAAL o s I B 3hie i AT B PR 801 e (or

heat ed ida7t Hadd\@heNs 0 ASEhmply §facRsceds for iermihg Aipeibd coneainenDi®Is unit and
the outer surfaces of the container containi n% bi ﬁ@har(gac utical
mat er i aldepicdin F¥FS| 3t-aheAdRRAbnd 105 prdka bottorp Hip dil f@rused Kotofn dhe

substantd A clidib & )E}Iewr%%[cgfl];(])gléo b 3@l & ERIdARbniNaRe1 113 S Dy, cont ai ner

1010 may 0 severa eets of material to formthe
par al | el @popeadplssedhdor asntpigias bellowsandliGerte®betwana fiw, 1 18/reny ot hers. An

exanpl e of a praocess for formng flexibl.e container. 1010..i depicted in

FI GS. 34ilgpll 121- tepr lfsqngﬁv@%sve&ﬂgara K e&ﬁ‘? Fral &Hefrflﬁbl,onﬁ’if%‘%}n@&o‘fn(? m t he

f1exi bl _eqqu?@f}é%gl%rconﬁ{rﬁr eéia%%qt RO vl Fethhplanb araswiiis aal film 1115
ITm 11 , mpl e

and a f are pleated, for exa , as bellows and inserted between
film 110@rfonded bétwedd fhe.inkerbellowngid togifital1 102 ped beftem dladdd@and o seal the

four | ongitudi nal, corner of . the, fl exibl i AIS| t heat

vel di ng. tgq@(gyerég(\gﬁlgﬁ are %t%a@aé Eoese\%)eﬁoa gncgg%t?ong %&:@Bf]ﬁémﬂl% c'agtamei"‘
1010. 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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performed between the inner bellows and top film 1105 and bottom film 1110
and transverse welds are perforned to seal top and bottom faces of

fl exi bl e wanisasmse 1010. Flaps 1150 (FIG 37) may be creatcadudsy/3fsavi ng a
| ayer of film above the 45 degree welds. Also holes 1151 (FIG 37) are
made by die cutting in the flaps followed by circular filmwelding, as is
known by those skilled in the art. [00128] In another exanple, a flexible
cont ai neby 2de8dlgd 880 afhaldeni?0fi Fer etaniple,feteteat fogr flgisAr 50gmAWBntdami ng

bi oph t. terdals i.s depicted in FIG 37. An_inlet t 1035
e e TR TN A O
shown) oholde€x2(0. €A pRhA B@fnséi%%ﬁthﬁ{sh%g&ﬁchlbﬁ tlﬁ__éla@%vlz%est néa]@é;@;eorsgﬂl oA tube (not

shown in_ FIG 37) simlar to that connécted to the
i nl et poFer @gemle, dengpins (ot shawm) mphylzeidseriet Mirougthe painb&holpointthe Fi t t i ngs

such as | j.n.. . Patent.  No. 6,186, 93 may be used for the
connecti gﬁﬁ%%o t}sﬂ%gﬁdot lljli)ée@?yg‘fgsoeta fp iSPIi’ROﬁtgtge gﬁ#@hﬁé’gﬁo ¥1Wéffﬁ‘tﬂ%lf3n the sterility
of the conitaines10ib t he contai ner 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 el bows, if

desired. pgi d ) A0 L Ol vin ol. 1151 may be
i nsert ed[qok?r%)glljgh sﬁ(ﬁ)t%l O:&épﬁléé ?ﬁ%ﬁgﬁggaﬁfyf%%gn@%ﬂ 'ﬁ&’ ’Rgf‘g%ﬁiuﬁ‘gﬂ ngé may then
be i nser bethostsldliethin thehe shat I6sibleTtunsaing 10$@6r aRyhdebtameemaabey f ! exible

contai ner 1015 and. hol dey 12 32 WO 03/037082 PCT/US02/ 35135 by a handl e
1250 of H%’%ld’g ‘irz‘fﬂ’éhoult:g?fd@ Lt él?‘?@&E‘Pfg%‘Tm?aé‘ﬁPquc&ﬁQg flexiblaray contain a

hol e 115dontiler f0Q0ko fHeaRBdeN 800 &?c%rarsgpa{nﬁors}(’)\éniﬁﬁég ggﬁ&gﬁsﬁg&@s MJ&%?S' ots 1210

on holder 1200. A pin may be inserte ug es on
opposed Wiedt dMoregesr, althangh the cootainepisties¢ritet! hstetmwy) a fimyibleeohnier tted t hr ough

a pair o s ln the, flaps.so.that t ins may be used to support the
hol der 1%%388%1% I?érl?'gb $pads %ﬁlae e“&&%ﬁ@ﬂ?iﬁﬂ%%@ﬁ%&%fﬂ% ReEGE#0 pi ns are
speci f i calnsyudtrdohtiRd whadlek Bhagell tibodfoRe 1 ¥RE BHtST AU terBYerhiRSGnaki | 1 €d i n
the art that flexible container 1010 or another container nmay be used with

or wit hothit H¥0a drefersbly, thaepniaingr vehether forawd of o flesibbaon seifrigaki bl e
contal ner’hati:ﬁ%fé) cbfRaihb GurBRed Ghich DR R ED 18 & ARSss k. RNl ASt eni ng

systenms na
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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used. Moreover, although the container is described herein as a flexible
container, the container may be made of a sem -rigid material. Such

mat eri al wayo3ma7ossed to construct a container which is shagmagkoenseenf or m
to the interior of tenperature control unit 1020. Preferably, the

contai ner whether formed of a flexible or sem-rigid material, contains
surfaces which contact the interior surfaces (e.g., heat transfer plates)
of t enpepkpheemusiet byltuigtves @2 00&bupsidet dowreand alllewﬂigr thetoment act bet ween
the coolygd (or heated in a thaw ng process) surfaces of the tenperature
control unit” and the outer surfaces of the container containing

bi ophar maceutical materials. [00130] Referring to FIGS. 38-42, a support
structurwﬁzﬂ as a vessel 1060 may have an interior portion 1300 adapted
to recei ont ai ¥rével $ et thits, mppxdsive ancomtpisteeite, fietibleomtandrop 1310 f or

coveringj efh@ﬂe;?xﬁl@%omjaﬂl%ﬁb 1 n)ggt ﬁ@?%%ﬁngﬁaﬂ armed in a shape

substantially sim to a con ceutl cals, such as

steri | e, biopbainiceuttmhiaicriel bekOitAlexhie bordthihbed10s WiRfrednb ai ni ng the
bi ophar n?ceutl cal materi wal | s and/ or bottom surface of interior

portion ‘CHERERHERCONHP) ik 11&296515“esyr3t3)f Tes flpxiblecontainienmay tigenthe ratvomed | exi bl e
cont ai nefrodNdse1 4088 %d‘pla&d%ﬂﬂg%&%ﬁé’&&ﬁ%ﬁnﬁo Sfﬁﬁ@\%grlt ?ﬁ% eigrl?33T°p 1310

may al so include an aperture to receive a 0 for

filling whevedr th@mpolymgwgldfﬂmmglrmy omat. aAfier thd Bibphirhrceaititaometeriagigd t hr ough
an inl et B9 nt a| 101 not . shown), as depicted in FIGS.

f £l exibl
41- 42. Ap§ Ihﬁﬁgg s tgfgé(ahgﬁpﬁgg{?a% slsiusiof g?lgwuelt lt%fﬁmﬁljamr? gtherwiser any

bi ophar alatdc@lg M flefib 60 may 33
VD 03 037880 e D) S L e et b B2 0 o o e

down andfl@fip @\Mon@meméoﬂbmﬁhp setumedmawssel lpﬁm]t'élﬂc}xak{@fkese‘lfesk@lfSIMOt hus, may

receive ) flexihle erX|bIe cont ai ner
1010 may%gyﬁ) g)?lltl%(lja t%%tg W%OPH B’fl 8?%’(%&&00 ﬁﬁ%t@lni a1 before
fl exi bl eutdmmtlan béthelﬁki;ﬂlanﬁacbﬁﬁéﬁ hekdrRd Thus, fdRRenhod iferft lefecégst%' t 1020

(FIG 33 flexi bl e contai ner g t hen be renoved fromveéssel 1060 and
pl aced i 6CtF }fb]LeIrcg 30 YIPREH Stretuigios2 forz @%‘@n&ﬁmﬁpqmng:mst%ngaMerel n the

cool i ng @hihéRieh R NEN1eFekiie cAilthifh:r 1016 cBJnBP RRPEEHhG3ksgTpt er i al i
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 confi gured 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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frozen (e.g., to negative 20 degrees Celsius or below) or its tenperature
otherwise regulated (e.g., thawed) in flexible container 1010 in

t enper at unw® @@atasel unit 1020, flexible container 1010 nmepcTimesoess3sned to
vessel 1060, for exanple. Vessel 1060 nmay be insulated to allow
transportation of flexible container 1010 to a location for utilization of
t he bi opharnmaceutical material. Thus, in one enbodi nent of the system
depicted in FIG 33 support structure 1032 for receiving, transporting and

storing tai uch as a | e flexible container conpri ses

t he insﬁgﬂgg vess ‘@83‘3?&8@%YC%&W?HG%WQW&%?%%%F? ed, vessel
1060 mayy gﬁi%ttecpmm%ummgdlrhe}{@@ﬁ&l13@%@: oRYighrdorstivect ed to efficiently
be placed” in a walk-in freezer or other structure for nmintaining the

bi ophar nojectionsal 3 10ertdel @k lepatdfanghe tﬂp@owmfdhmmseidﬁléo Whe& afrozen state

adapt od 198 19 Ce bR by 180D R R g Doy iR R e (o 7

i nf or matyeQgk] oRREY 6f ardbhethEREI e Gréiectitrgnel o ﬁféDB(BttdﬁOd@sélQﬁay ﬁﬁnﬁatl on of
the contents thereof to facilitate identification, tracki ng, and

char act eth¢ patchen] B lpepsedeas thechnttont plet waspel S‘Pﬁ@d@btopéhef%cﬁg Th8iep may t hus
o1 TR YeoRRR OB e ROST i) BisBLANER d K1Y PR MIOYaEL O diond ot OF o

contai ni n er vesse may “appéar simlar
t her et 0. for E@iibecdd30R0Anectdde0 ftHeEtE)leinelmn flegitde vattdinérr 060,60 bepldoadi ng an
interior air tenperature _of about negegtl Vf 2() degrees Cel sius. In another
exanpl e,t heregyppgle Jushiafontguaiarpis d5lGc%d in a separate rigid
cont ai ner (not shown), for exanple, an anodi zed alum num container tapered
to receive flexible container 1010 and configured to be placed into vessel
1060 ano[OlOdBﬁ}zr at ubreardret pmbodimient Af¥RO invehian, Ba)pomrruetrlv;fek%ﬁg)f and/ or

nmay

t hawi ng e contents,.of fI b] e cont ai ne ont ai ner

be mad BHB‘T‘%?’I e te fél CaPTRHIET S iaaggﬁgatt? b{lﬁ) ‘311%11 Ye*Stored in a
large fremged \eét%ﬂzefﬂéxhﬁacwtélﬂermoqo@aafr@sqﬁattde RlediRFEG] 38 witkid WO 03/ 037082
PCT/ US02/ 3 135 [00132] The bottom of vessel contain one or nore

not ches in82ir pertioaeldil 01 asdlepigtedicEIGSg13440. Alse, ‘H@‘Fdﬁ@é%@ﬁi’& adapied Bnf i gur ed
2,1 SF R SEPTR s hoptec sEpb oAbl g EMfcsly e
al | ow f oFIGi&3s4ReHicrtgn @ 1M and a top 1420 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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vessel on top of another vessel. The projections 1310 of a bottom vessel
may fit into the notches 1324 |ocated at the bottomof a vessel stacked on
top therewfoosiBmstop cover of the each vessel 1060 may alpa/wesmessizsa a hol e
1320 or other passage to allow for a tube 1330 connected to the container
on flexible container 1060, to be placed therethrough. Such a
configuration is depicted in FIG 42. [00133] In another enbodi nent of the
i nvent i (00134]ppor n gttt eimdodidRAt of the preSent38vemtign, beteinperptuee ¢antiel of a

f ol dabl e container such as a crate 1400 which j.s al adapt.ed to receive
f1 exi bl &nigdAPGmeEAncpden Elﬁtqhtsa%far??%‘imaélﬁPfé?feRfl’il?PSE‘Piﬁ for3SYRE A i nterior

portion ﬁ%‘l\nﬂy o??legl%ﬁ)&% &0&185%16&5}ﬁ{éﬁ?ﬁﬁ%@T&@on&ﬁh%phﬁfrﬁéc@ut%pﬂlaféﬁm, e adapt ed

to staf h”vesse 33 and 3 8-42, or additional crates
1400 as delgipied i 816G 8. AE4eE. reck B intarive peitiont 160 18y Onelnde aplutlitnao of vessel

1400 i ncl ud j ecti 1422 and proj ect | 13 tively. Vessel
1060 anbediEIEeL 10 ‘SALIUIEE EEE e RGoOrT o) Tk P SER S hoct | vel y,

to receiyest heCLd i is 3bhs1¥d fi0a Shipelaite répultinatugit 1480 and/ or
vessel iggso ﬁ%@%@‘%ﬁ%‘%ﬁ%?@ﬁ47)1ﬂand/ or hﬂ%esselré%}l%log( Fll GS.. 38-42)

ni ght béorfreguietngfenmeratwnes nfigldtep b5 s vheremaemperatusk tpgplating BuisTSARIE0AM t ype

material, a rigid polyvure ne (cl os I I ot her

sui t abl éo%tﬁ%}; & ﬁ@t@f"éi{@r B{Og{aﬁxf?aﬁog? ﬁga%&ﬁp%@g‘%@g?%‘é‘%%% e. Further,
crate 140@,aRdd Ye&sedr MoBQempitatire sesore thov leovin)jlettéddn-onebrinogg ofext r usi on
bl ow nolding, or injection blow noldi nrg, for ?x%n%'lbe%ﬁs gl%gi cted in FIG
47, cr atiedid0portiong1 08 (¢ & @aine obmorotl tiges 120)+ 5eAPPEH TP N4 ge thereof in
a | ess yol unm hous . -ansi . / or vessel
060° may HPSERS iR arging etk APl iAREOEb SBhEL A LIAMIRAC O

pol yet hybgrsllerars40thabrsaictabbleceangl fredemperatvat ef intedrior portinnd LdiOng

ites, f ) le. S f.al dabl | .. bl te.140 |
be. T or mea e the pLPPRERERICE HASTit “AGE AFFIP I BRI SSLanar 5 Rompanent
parts tiﬂt%fig?f_)ortigl% Y3 O30 B8 BidPRdin#eRdh cad derial 00134] In a further

enbodi ment of "the present invention, a tenperature control unit 1500 may
include a plurality of receiving interior portions 1510 for receiving a

pl ural i t[ﬁoiésf | eXiglteemgethtu?ei Q831 dd %ﬁ?ﬁ&tiﬁgt(}tﬂatc&mc@drln%@f)@r maceuti cal

mat eri al
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 inj ection-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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depicted in FIG 48. Each receiving interior portion 1510 may include a
plurality of heat transfer plates 1520 for regulating a tenperature of one
of flexi biv® costmeners 1515. Tenperature control unit 150@T/6Secspsed to a
tenperature regulating unit 1530 for regulating tenperatures of plates
1520 wherein tenperature regulating unit 1530 is controlled by a

controll er 1540, programmable by a user. Controller 1540 may al so be
coupled to one or nore tenperature sensors (not shown) |ocated in one or

f i t 1510 f 1520).
e eabaclObTHal { o P06 5283 demiat wflifrtamiae oF S ARKO R oriies dp 8] or e or
interior, ngeh'\ﬂﬂ?a G 48 %ﬂteﬁb{ Wiiof P61Y OF 4 Rimpad@e ontMpitaseyr at el y

cont rol tenperature of 1nterior portions 1510 and thus the
bi ophar rfﬁmblb iconthinenl €00 mkludehefiefiblexorbl @3 Ocuhich invdudss hales 164k ei ved i n

interi or ions ,1510. co nt a the b| phar.ma [00135] A

t enper at®d ‘iB’rﬁeF%‘i"e prRi§e ]i’%%)igs (iorrﬁl‘fcé tf)}%ﬁ%e 851?’99 gg{ei%{ e%llu'&e may be
adapt ed cToHtrdSleiﬁl%ﬂ MR 00 THIBY1 40 Ghydie eﬁhgﬁécﬂWﬁh?@&ﬁfoﬁﬁ ngsPhateflhi5e vvh| ch may
be oriented to forma tapered interior as depicted in FIG 49.

Support oohtainer 6666 insried eto denperaiurecsgntrel ‘F@Eiaﬁl\péoé?@“%ﬁeﬁblﬁe top pl ates
2B cond e 0 L 8 B Tl g i A e, o7

uni € ori ent orm a taper ed

sl ot. Suppoidespbdbiy dbll witsn ﬂmﬁmcmnafmopm yeing Bbedtie an;apd:rysm f one or
pol yet hyl ene via injection-noldin

hi f [l b
evi dent %685 ﬂlh@el@QloiflﬂéﬂlbllequnF?éneéq? 00 RFWS%‘SL’? I% o el%@’qgrﬁ%mﬂg\%ew not cﬁes
1518 adapifdalondRRAG iR SRpEhRthe e@aaﬂag eﬁéﬁs%ceftha@ ST GRINORAaROr Li on 1560

of rigi suppor g plate eX| bl e containers 16 may be

i nsert edlélﬁtoﬁtam&ratmfe dontrel wdt 1¢iO@mayosuppdrs ﬂtxfoie comipvest 4600 @ndcfbnt r oI uni t
1501 thus en p plate, 1 ort. pl at g 50 Fl exi bl e
cont ai netOEy %Gg 8ft PeibVEsh (néﬁg?)‘?ﬂ]?)tfg’d“? ngg @Factofﬁ Ene(r:on rolfrmL%mt 1501
for heatﬁd?lgp&fatﬁﬁ% kéglme@éd {ehperdnir® @@@ngeﬁﬂrﬁ@} indRide pradctioher ei n, as
depicted In FIG t may be possible, as delctedln FIG. 51, to

constr ucsumzlamtornra_]ﬁctmnSﬂéﬁO lﬁmeaig&ggng Wwih bpl%ﬁéﬁ“hﬁb%k}??iﬂé Hr 16380&ri al as the
combi nat i th arigid or
seni - gf:l‘a‘qfl% 5o F’:S’Fléi%@ eroé’op%tﬁ&{]%l ex Bp?ée\%clg gHI 4r%er &]Wa\r% top plate
1571 ar Eflexiilé BBGtaRSr P60V, BYH&ittad In FI8655 as will be understood by those skilled

in the art.

[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

37



WO 03/ 037082 PCT/ US02/ 35135 [00136] FIGS. 52-54 depict another exanple of
a flexible container 1600 engaged with a cell or an interior portion 1612
of a tenpwoaiBaseontrol unit 1610. Flexi bl e contai ner la@a/uswel3sdes a
flexible top 1630 which includes holes 1640 adapted to receive projections
1650 connected to a top portion 1660 of tenperature control unit 1610.

Hol es 1640 may be aligned with projections 1650 when fl exi ble container
600 is itaapérhtack contol tigitj 8OGby remwminy supporti sructidrd 1020.dos exampde, fio @xi bl e

t ai 1600 to t ti 1660. hi 1t of t 1630 of. fl i bl
Comt ol metessh @ubshasvigh dBeNERR] (oL dim) (o SaSinerdaneh FRafis 6 bei ng
filled Véugpcfrﬂstﬁf&ﬁ%%@o, 808 §tBreti 4Pa BR0FQzef R Rliegandiai ner 1600,

(S
because 1 I's 1nstance flexible container 1600 does not yet contain
bi ophar nrempertfucambdf atmuenégative 2¢ Hegrbest Cedside fparxample. pl ates 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 durjope3s] r anspAsthé@tdxamply off Bfutess i ficenpg thiwing, soxngagel t her eof may
i nclude projections simlar to projections 1650 for_engaging with hol es

1640 t o messpong biopparnggeutifel mutesial t5idesceibed as fdeWesGlEX%%p portion 1630 may

b | ded [ I ' [ icted i
fi 55 i 1 O aerliedts sggert bR o PRELE: s 0800 Sanot her
exanpl e @GS 3Byst)emdites 13 1EBDlagd thelen) asglepitariaddGandl apt€5ervation of a

bi opharmaceutical material is depicted in FIG i ntainers 1700, wth
bi ophar nieakarmagguticat @?ﬁeﬁﬁlslst“ﬁéﬁ%‘% %I%gpﬁpﬁmf%&%?%@b‘ﬁé?er integral or
removabl &qt § 6 HBSRR! sl RORY [194AbY ARRGL: 106h isaher afidRied to_engage

recei ving portions exi bl e container support structure 1720.
Speci f i chbdhyessebhd6h andrisset?@dnto itenopenataretcoptrplowrtii Y129, asrdh®vwndwi ng not ches

1707 whi¢ y. be vertically inserted into .notches 171 f i Vi ng

porti onsFlJ%?gg' Fﬁﬁ?“@i‘ﬁ%@?‘%‘&ﬁ ﬁ%ﬁ?ﬁ? HEOZ55 H'e i ﬁ%rr%roq%gﬁgdaybe filled
wi th bi ophal,iBERst nafher Tk ekdrple] ERHaMtha PRk faasis LeRPoliddi within t hey ar e
engaged with support structure 1720. Wen fill ed, contai ng):g 90%;83 and

suppor t | wapestndilower Emitr2e desgihed|ip el Sateat ARPHeHEON SEHRNG are
e B BB G et RSB g O 52, T
cool ed ofheRbYBFNeBing Biflekirbistel 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.

38



in tenperature control unit 1800 (e.g., frozen at negative 20 degrees

Cel sius or below). When such operation is conpleted, containers 1700 nay
be removewd o3m3r@2 WO 03/ 037082 PCT/ US02/ 35135 t enper at urreeaswssi3s uni t
1800 by renoving support structure 1720, for exanple, to a vessel (not
shown). The vessel (not shown) or other container |arge enough to receive

support structure 1720, may be stored in a large freezer with an interior
air tenpdfP8139le of Expouhe ﬁ%@atdemlpzon,d‘emlbb@m@bt%d)cubt,o oheskidlz@imthe. [ 00138]

Anot her I f .a process for .freezi.n haw storin nd preserving
bi ophar rra%%é@u itfé%ﬁe%g{eéip Paa‘fnﬁr%éﬁgrél%erdﬁﬁléedn g?yléb(? Ia\fﬁ\%@\g{l fqi’lué‘?(flb"%’é‘?aﬁ:‘?f’ﬁ% ai ner 1010
i's i nser tfgghds/dt6rage! BRI, buioitttudiuges 1088 porftdtion B3kces AetudeRagbl 1060
(FIGS. 38-42) and top 1310 is placed thereon, as depicted in FIGS. 41 and
42.  Bi opRif-heslerchangersyyessels aandfos prosseserseaf veripeuglapesursises H@ierand

t hr ough | - Lt l.exi i | exi bl nt.ai ner 1010
ist hgn ﬁgén%%%is’ %glﬁ’tg%le{\}égusﬂg IOF%B@%)&%%’&{%%%?%%%P%%%& { agérr%ecro g?%ﬁlél Tont r ol

uni t 1020essels, aitdowprocesidrEmayde ailygedioapbavafiedblcicoalaimeendfontisusar e frozen
in tenmperature contrgl unit 1020 in a controlled manner, for exanple, such

that the SPHREE PESIEEY: el lie8® HARES-ofersels: O URPOTL SURSSEPS BgY bp admtted forang, - as
descri beg,i peatl.on: Ser i : 9%

preventi g)gr; 'S}gk;&#eﬁﬁisﬁ(?%ﬁ%ftﬁfgg%lg%cdgﬁt{a}ngﬁ dgﬁ{a(lﬁiﬂ% Rg)%gl opcéﬁ%aalc:%%ﬂta#%gl
mat er i al ,in ligid og fipzen setencr mgy baadkpiedabirengegribelfeiible coftairees

bi opharmaceutical. material. After. . the bhiopharmaceutjcal material in
f1exible c8’§ﬁ‘(“éﬁ%%‘?£€%°‘?@c? %ﬁtéﬂ?ls fr}h]é%“h)f”ggefﬁ’i‘ts Fre or %ﬁ’@{enﬁ&? be renpved
from t he stpamRamAk Welsdl) Bt Fehspefthfionl @2 ety HRIMSeHE LR AB%he ¥aRsa] 1060
which may then be placed in a large freezer, for exanple, a walk-in
freezer Havemwan ahp givelfaneneraite foeaprotcaged peroid efine. Fasthwriore, thesedegr ees

Cel si us, o i p i dical institutions (e.qg.,
hospi tal § .§1b:kiscovr\ﬁtt%{1%rg?§ué‘%{/?sdé%f§gp %rs, S'El Pr‘lé(%[e&g Gllﬁfn}Féégel{l%er? 3 %?P%mf%% t he above
descri pt ihedt exblaingtlzpacidot @otessar nialy &% bttdpred o0 DiiAzARL Willil@akfilSotdd) may be
frozen or its tenperature regulated in tenperature control unit 1500 and

it may béhatipphyrpacaptical anateride Fippllysthesporagy contqipeinaTppeMh SIuclEes: ent s of
f 1 exi bl i : . - Crol .
exible g é&_@fs%mamésﬁ&%%,l é&%pﬁe@e\?mmu& ‘fr%s%@rt'rﬂectlﬁt%ﬁg,asﬁﬁglf g coptrol un

1610 utilizing plate 1 a e contarner support r 1720, and
f | exi bl e 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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container 1615 may be stored in a vessel adapted to receive flexible
contai ner support 1720. It will be further understood by those skilled in
the art twatososodeficati ons nmay be nade to the specific exampiss/ssiescri bed
herein and the steps for performng the method for preserving the

bi opharmaceutical material. 38 WO 03/037082 PCT/US02/35135 [00139] From

t he above description, it will be understood to one skilled in the art that
t he fl exilaims:cont ai ners descri bed herein may be adapted for use in
containers, franes, storage units, support structures, transportation
devices, tenperature control wunits, heat exchangers, vessels, and/or
processors ofy vari QusnahRPR? fiRkzifb Z8Singhit ti&¥ing abiphbiidtREticat ONt ai ners,
support structures, heat exchangers, tenperature control unit, vessels,
and/ or pnaedals whishrinsecpizabld dpa sepros frameissid contaMChPENRIEWESIT ner s of vari ous
shapes or sizes., K These franes,. Vv el or s t st AT, may be

adapt ed for I%W@teng]readgﬂgflﬁo {egp%egﬁeo 8 ¢ ﬁgﬁ%ﬁ %%r?%ﬁ%%%lgn IZi ners

cont ai ni fagz O pBANFREPMaaR, ai@t erials in liquid or frozen state, or may
be adapted to transport the flexible containers containing

bi ophar maceut & Gangereaveled & sid matearighisaidlengs epneactably i@ thesyppatEapee, the
storage uni.ts, ves 4T L.an devices may be insulated to all ow
9 ef:;l)f SYPPo (1)ngrs$a1% r%ateﬂ%l ﬁé t%?@@ﬁf){t?}a}n%. y

t he mat emaln a enperature for a prol onged period of
time. Furthernore, these flexible containers, franes, containers, support
structures, tenperature contro] .units, . hegt exchanger and/ or processors
may be adapt ed forT]EP(‘fqnitEE‘&‘irioéﬁia\’rWt hW]FFé?lérs?laIﬂ?n%? ’r'?ethelYars?gﬁmﬁ %P%Eﬁrmceuti cal
mat eri al $q4,Eh g@l | ¥nfilEd & REAUE£@ALAINEr s, support structures, vessels,
or franeifﬂrlrgy g elal ppeg}with ?/arigﬁgs transport nechani snms, such as
wheel s, glides, sliders, dry-ice storage conpartnents or other devices to

facilitate transpart and organi.zation .thereof. .[.00140] \Wi. the invention
has been depi ¢t ed g@f‘u‘%’&?xi(’g&gﬂlp W@?Wlsmﬁé?aé?rﬁ%l??rtms g\l/\ﬁqtéd%% apparent to
those skihicRds édmprB@ivIehemhand tadknethFihe/fimeus modi fications, additions,
substitutions and the |like can be nade wi thout departing fromthe spirit of

the invention and these are therefore considered to be wthin the scope of

the inventiop as gefined L0 0gm okt Y J&gflp(filsﬁligr]&spor@t% provide fluid

communication between an interior of said material and an exterior of said material.

5. 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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WD 03/ 037082 PCT/US02/35135 Cainms: 1. A container for freezing, storing
and thawi ng a bi opharmaceutical material, which is receivable in a support
frame, sawd oat@mener conprising: a material adapted to raE/vs»2BkhBS

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 claim1 wherei nasaitginél atagedits receive ithealiibgharmageutbd mmetbrial dier¢ing f r ame
configured to neceive,saidelange. 3. The container of claim1 wherein said
mat er i alSaKdoRainer compHsing A flapgs:@Mdi s conpressible within a thi ckness of the

frame. 4. The cont 2igRRk Afipted &) Bediv Wil BEkaiO TRl $iahf cAoRRabletviiupr Ovi de
fluid communication between an interior of said naterial and an exteri or

of saidsamtfangal. 5. The container of claiml 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 conpriges Bie dysdftof i PRBERIN QidEaR REthePcdiBitey @ chdndepast one
post projecting fromthe frame. 7. The container of claim1l wherein said

fl ange fadepiedito tespive syiédlange.| east 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 |least one of a flexible material and a
sem -rigid matleri dlhe sted Sheddimm T wherbiheeidi fregne Sirther cogn@isds ihawi ng a
bi opharmaceutical . material, said system conprising: 40 WO 03/037082
PCT/ USOZVPB’B?L@StOPafOE@#&‘F%W%%ﬁFé’ sqi) copfampy /At Of, 831 fi3Biear maceut i cal
material therein, said container conprising a flange; and a frame adapted
to receive said container, said frame engageable wth

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.
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said flange. 10. The systemof claim9 wherein said frane further conprises
a channel adapted to receive said flange. 11. The system of claim 10
wher ei n swich3foszose furt her conprises an openabl e top for RQTSIRBF13S
novenent of said container out of said frane. 12. The systemof claim?9
wherein said flange conprises at | east one aperture, said frame further
conprises at | east one post projecting fromsaid frame, and wherein said
at | east one apert Uihe systeradapinia Otwtherain said dranni dngirisbeafitst phEoR@sy t o

al l ow saj g, f Ba@ {9 sugﬁort Igai ?becon ai}g; .. 13, The system of claim12
wherei n a1 0 F PSFHO% b ALY Pedivpbetigatiac Eﬁtﬁrséld SREQPISIOTH QY tOLAGREG chi ng sai d
flange betidienoshitdespidiin: pRDEandBad E&%n%éﬂﬁn 16 08HcP@ld al | east one
post. 14. The system of claim 12 further conprising a capture nenber

pi vot al | PRRBEecREdae.sai d frane, wherein said capture menber conprises
at | east one opening to receive said at | east one post to connect said
capture nenber, said flange, and said at |east one post. 15. The system of

claim9 whereid sailHe tysmeof elaibh® fnGRNRSMBASNG ah L gRWIppdags and said
a tie-down | oop, wherein said tie-down boss is

container further conpris ¢

engageabf§ E?P”é‘ﬁ?tﬁcﬁ)q %‘lfﬁgﬁmedsé@dn@@b%fcﬁﬁlﬁﬁéd tashgld sdid frametio agai d cont ai ner.
16. The gptedne pbQfiosbAhMkgewherein said tie-down boss is |ocated on an
exterior surface of said frame and said frane further conprises an aperture
to allow said tie-down |loop to pass therethrough to engage said tie-down

boss. 41 WO 034037082 PCT/USQ2/ 35135 ,17. The system of claim9 wherein

said frame coﬁ%ri sgge EP'S%IF’? %ﬁs‘gﬂg’r Wi’ﬁregh@lﬁgé@émeﬁé?mpﬂms aklepet first

porti on 4l dpeniiiaaliaR!aRepertidoSGROARMRA 1) BB RIS U T1 ange

between said first portion and said second portion to connect said

cont ai nefonfaanegas Epceivadin saidirame end yeid Smmefis wkaived B shid tehperaaeepr i si ng an

upri ght -cﬁ)ﬂﬁBPﬁﬁﬁ ng nmenber connected to said frame, said nenber adapted to
oLutlit.,

hol d sai M’in an

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

a receiving portion of said at least one of a temperature control unit and a storage unit
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upright position on a surface. 19. The systemof claim9 wherein said frane
further conprises at |least one opening to allow a tenperature of said
cont ai ner wiooosme7msont rol | ed, when said container is recei veEd/use2gsizd frane
and said frane is received in said tenperature control unit. 20. The
system of claim 19 further conprising a protective cover for covering at
| east a portion of said at | east one opening to protect said container,
when  sajothpeiged ailmnel hdrsaiiethicReksk B ditletsibiaat® allaw saillfemsydtbem of claim 9
wherein said frange corrprlses a first side having a first opening and a
second SPefavaskinispig chasesdond openi ng, wherein said container is in
communi cation with an interior of a tenperature control unit through said
first opening and said second opening, when said container is received in
said frame amzb. sdlli dysemeof dain&whmeih sia'rd &Bitajnetre:np@rmméndioatbr ol unit.
22. The system of claim21 fys\,hg[erel n. said ainer is ad F ted t contact at
f

| east orfel Mdiatipg Hegomtents plrsgideogieings prg faé g@’l”ﬁfﬂ?’@“&%ﬁ pqgﬁ}t t hr ough at
| east Aid HdiQREN BYapired dy@ 36CONd opening of said frame. 23.
The sysg%r%&%}t lél)lglvn% WhéI‘EI n sad freaml}a’ is configured to be received in
at | east one of a terrperature control unit and a storage unit. 24 The

system of cl 23 _whe anme. comp

recei vi ng poa%non&g]?e 3]?3?1@61 81}‘?51%?11 %Oqaé%eré%ﬁﬁégsg%%tro un|t and a
st orage mﬁess%gs%@@y@wosz PCT/ US02/ 35135 conprises a channel and said
t hi ckness is dinensioned to allow said frame to be received in said
channel . 25 The system of claim9 wherein said container conprises an

| ndi cat or NALEALIN% bPGEO0 LA 9fd SRl HnGAULHRE 04 GRl df frame
conpri ses a t ansp por |on to allow sa ator to be analyzed by
a user. ZflexiblReosmiiceamdh sehiigidomhateei n said cont ainer is conpressible
within a thickness of said frame. 27. The systemof claim9 wherein said
cont ai ner conprises at |east one of

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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a flexible container and a sem -rigid container. 28. A nethod for freezing,
storing and thawi ng a bi opharnmaceutical nmaterial, the nmethod conprising:
provi di ngwa iseatmener adapted to contain the bi ophar maceuthcxalsoossesi al f or
freezing, storing and thaw ng; and positioning the container in a frame for
supporting the container and connecting the container to the frane. 29.
The nmet hod of claim 28 wherein the container conprises a flange, the frane
conprises a channelTheamdhddiof disim 2owhereimithgoangriag Remphisesldogsngof t he

cont ai ner, é/vi ItlhiF H]Te gganﬁelﬁ the franme. 30. The method of claim 28
further CXHATAS R Hegb SRSty seHace vilkihesauiningT threnehas deast onsropesiagof ed

t herei n itle ath@nperature control unit. 31. The nethod of claim 30 further
conprising controlling a tenperature of an interior of the tenperature
control unit. 32. The method of claim 31 further conprising contacting at

| east one heat, tr fer, surface the tenperature control unit with the
cont ai ner. 43%6\‘0 Ogﬂ%W@ 1"35#29’%? : m@‘ﬁ%ngﬂliga%i%% A APSAIGPiA m 32

wher ei n ﬂhﬂgmh@%ﬂtﬂ@_elc\ﬂmﬂéﬁ@ﬁsof@w\ffrﬁﬁé {otab N fe@bontafRs o (He% at transfer
surface with the contai ner through at | east one opening o the frame. 34.

The nethod of claim 28 further conprising engagi ng an aperture of a flange

of the contaiRer w . 1 ane to attach.the_.contaj ner, to the
frame. 35. T g’ nmgg% (g}g)(acschfglgrlr?%efflﬁﬁ?rﬁgppg(%%ra?(?:‘pﬂ@g %\f’fsg@ﬂ 9% first
portion dfe framee foraasweondpatisrodthe fpaict tb @AgApk thd@nidiAdibetwecdBagR: t he

cont ai ner_ bet we t he fd’ rst, ortion and the second portion to connect the
cont ai nePot8™ ‘gﬂﬁrsﬁﬁ@ PEBLORIRLORBE e ontapesigibediamter ei n t he provi di ng
conprises providing at |east one of a flexible container and a sem -rigid
container. 37. A systemfor freezing, storing and thawi ng a

bi ophar maceut #e¢al Themstliod! of chaind8sylstramimgpridiigngmprises providing at

least one of a 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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a container adapted to receive the biopharmaceutical material therein for
freezing, storing and thaw ng; a support nenber for supporting said

cont ai nerwoMs@saise sai d container is adapted to receive ITWBPPICS t
menber. 38. The system of claim 37 wherein said container conprises a

sl eeve for receiving said support nenber. 39. The system of claim 38
wherein said support nenber is configured to be received in a support
structure of 4t | eHstsyore ofclant 40pherainsail lnadlercomprised a giys) said gsipor age uni t
to support said %ontainer in the aé | east .one Bf 2&& t epper at ure contr ol
unit  anfFiRglecaedPYa qghier of aVItA saéﬂingww einfaid Sandinisreseivedai d support

menber c i . i i I g sl eeve of

sai d conlftl)lglB irﬁles?e§§z%l %%%gg}rg%@g@% S%gﬁﬁg%g?ggdl Sﬁ%zetlﬁgpl' dgﬁlggle?’?ig% of claim40
wher ei n matedalhandl e conprises a grip, said grip being | ocated over a center
of gravity of said container, when said handle is received in said sleeve
and said container is substantially filled with the biopharmceuti cal
material . 42.45The BysRLPEr Ghitd 7 WherdhehRI donhihd c6ARHadsHE leaGiUTR! | SES at

| east one of a flexible container and a sem -rigid container. 43. A nethod
for freedfiafgxible contaigenand a seavinigid gokivpthar maceuti cal material, the nethod
conprising: providing a container adapted to contain the biopharnaceuti cal
material for freezing, storing and thaw ng; and connecting a sl eeve of the
cont ai ner to 48.SuUpp@idthefb€icezidd, stoklig e thedngh bidphhmmat3dutidaér ei n t he
connecting conprises inserting the support nmenber into the sleeve to
suppor t Rteriglyheanetbed compristhE et hod of cl ai m 43 wherein the providing
conpri ses proyi.di . : js i sem -rigid
cont ai ner. 461.y O%M%é%ﬁ%?ﬁ%ﬁg?Fﬁp(tﬁoéﬁavl\%{e}?glﬁdﬂt %%&g%%ﬁatﬁe&@nggr conpri ses
a freezing, 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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handl e and further conprising formng a grip in the handle at a center of
gravity of the container, when the support nenber is received in the

sl eeve anwads@3msnt ai ner is substantially filled with thecT/Us02/35135

bi opharmaceutical material. 47. A systemfor freezing, storing and thaw ng
a biopharmaceutical material, said systemconprising: a container adapted
to receive biopharmaceutical nmaterial therein for freezing, said container
configured to4&onf mmystenabf t1eims 47 oherenf saitl ehppmtwt camrolnméris or of a

tenperature control unit id.container js substantjally filled with
e’ i o idb ool HemapEtrapt g fiprasrspaicat DARHROVAR e St r uct ure

adapted pg flﬁ'ﬁﬁb&ﬁlc aSRh Q0 bSAREd ifid B 3 98¢ ibldldpdg{g35135  48. The
syst em of g alm 47 ereln sald tenperature control unit is adapted to
control tntpergtecabuird wft t he bi opharmaceutical material when the

bi opharmaceutical material is contained in said container in said interior
of said tenperature control unit 49. The systemof claim 48 wherein said
cont ai ner conpg.i seFh@systsdx bbtlgim PP iheRih siidlchddifler Jdhirisey a DéxibRI d
tenperature control unit is adapted to support said container in said

i nt eri or PeEOBRNGFRIE HEetiRIY ﬁ@dﬁ%@@fﬂﬁ%@a@nﬁfa Wit igladepied fewpRoRt faid shape

subst ant }:cﬂltéﬁ{elﬁlh@ald%teﬁgr f?) aﬁ%@ptﬁe 8{0 ﬁ%ﬁc&lﬂfcglrﬁ’l er1a15cg fre § im d.?chtdgén of claim
49 wherelrn salrd contalner further 8 rses ange adapte
recelvedmhquUMQpﬁnMMﬂgnpﬂmpeoﬁmmdumﬂuﬂ tenperature control unit. 51. The
system of claim49 wherein said container further conprises a flange
adapted to be received by a receiving portion of said protective structure
for  recei vingosal dneontdh Beclainddo wHRi%H Bl OhAheR bhkied der
conprising a support frame for holding said container in“the tenperature
control fiange adated The wysivedbph rcﬂeamng patiom ef ssiidhtegwiethtengppnirel Unitane i s
adapted to be received in said protective structure. 54. The system of
claim47 wherein said protective structure conprises a

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;
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storage vessel having a vessel interior wherein said vessel interior is
adapted to receive said container. 55. The system of claim54 wherein said
vessel | nwerizms7a8onpri ses a shape substantially simlar treesodssizape of
said interior of said tenperature control unit. 56. A systemfor freezing,
storing and thawi ng a bi opharmaceutical material, said system conprising:
a flexible contai ner adapted to contain the bi opharmaceutical material; 46
WO 03/ 037082 Paf/flysiie setaimer atapteditd ewiskingaltoerdometo astmpe efia fiest

subst anti.al |. rmto a shape.of first interior of a tenperature
1&(!6 1¥r &Oantfegl er& LFF 89(1%@6} émgcozmc? :

control unl%, and sal ai ner adapted to substantially conform

to a shape of saidsfea@ilel conthiner ddaptedfto SulsktMiAYLCHESEHLlo a shhpe Sh8s¥ad €m of
claim56 wherein said first interior and said second i nFerl or conprise

subst ant iBeHgr & anterage Wesielnsi ons. 58. The system of claim 56 further
conprising a flange connectable to said flexible container wherein said
flange is engageable with a receiving portion of at |east one of said

t enper at ure cdit r olTheniystemnd chdmnd 6welsseh said First ThRrisySidemidiecehdi m 58
wherein said flange conprises a .i?ié%i,d flange adapted to support said
flexiblel tSHPfa?%IgngFﬁu Atk FINYHAE IHRCNSIDG t enperat ure control  unit and
said vessel. 60. The system of claim56 wherein said flexible container is
adapted to contain the biopharmaceutical material at |east one of before,
during, and afier dhefsygemiofglanh SoHerthéreparisngautangakommt@bicab sai6l. The

system ofy cl.aim 56 wherei.n said flexible nt.gi ner is adapted.to contain
the bi opﬁ]ﬁ(@%‘é 318%“\291?%?18;?1. Ifﬁaé?tge }seeggfgegﬁ]g HECHVES ?Ih%f,ata_nd after a
thawi ng ofast e dfisarhampaaRis EGtol WBf 8hd 3id v&3el. The system of clai m 56

wherein said vessel conprises a plurality of second interiors adapted to

hold a plurality of said flexible containers. 63. The system of claim 56
further conprisging T%ets%{&%ro?tcﬁ'ﬁ% 5"8ev9fye|ré%}1lser1}g 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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unit for regulating a tenperature of said first interior. 64. The system of
claim63 further conprising a controller for controlling said tenperature
regul ati ngauwsiod7osker ei n said controller is controll abl e by@ausessizd7 WO
03/ 037082 PCT/ US02/ 35135 65. The system of claim56 wherein said vessel
conprises a cover, said cover conprising neans for fluid comunication

bet ween said flexible container, when said flexible container is |ocated
in said second3i nt eFliesystesinef ctim Hawhereinasaidfveasel sampis afcobérpghdr maceut i cal

terial and i f. bi aph ical material. 66. Th tem of
Clai m 56 SNg: Sripeiedius PR DR slipn Peralon id Prigbledionsiiesr” cont ent s

of said fyien saldefl&amit @bMeer WNEEht&Bih daillls€20nAliRteGON AL RHEask Sne boFat ed in
said second interior. 67. The systemof claim56 wherein sard vessel is

adapt ed ts9use of biophpsageuticol metepinbaysl 2 BRivex ofbidpbarnfiazeuticabamicang]. st ori ng
and thawi ng a bi opharmaceutical nmaterial, the nmethod conprising: providing
a contai ner adapted to contain the biopharmaceutical material for

freezing; and éonf iTiersdyRgmt dTelLOMeVREEns8idGRePihePcAnsiaPen Of an
interior of a terF)erature control unit. 69. The nethod of claim68 further

conpr i si ABdiFgtiamAtcgnients of said dlexrineantrings avhermsaid fleyiblercontatnee ont ai ner in the

interior 19fsd8 shRMRES Rt iHlBopontrol unit. 70. The method of claim 69
further conprising renmoving the container holding the biopharnaceutical

material fromthe interior of the tenperature control wunit. 71. The nethod

of claim 70 further_conprisi .inserting the coptainer into _a storage
structure havitg a@%ersg'gt[:@rgncg %hergggygéfasqe isadaripd o beollapiedai ner

hol di ng fhhgolab@phar maceutical material. 72. The method of claim71 wherein
the structure Interior conprises a

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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shape substantially simlar to a shape of the biopharmaceutical material.
48 WO 03/ 037082 PCT/ US02/ 35135 73. The method of claim 72 further

conpri si ngd @aataseg t he structure hol ding the contai ner hadivgy2Bhesfrozen
bi opharmaceutical material in a freezer for storage. 74. The nethod of
claim 73 further conprising renoving the container holding the frozen

bi ophar maceutical material fromthe freezer and inserting the container
hol di ng the frozen bi opharnaceutical nmaterial in the tenperature control

unit and thaw,ng the bi a eyt i.cal £ ) for freezing,
storing and \tl)’ﬁawi n eafn%tgggﬂggaﬁla Z%F,“’%‘gf gg’ﬁn@f%@é %’F%ﬁlgatﬁag%@s em conpri si ng:
a fl exi Hoedif® tHedloR@ines AOIdiphe drokzén bioplamacduicalohaphainadestdrdal nmateri al
for freezing wherein said flexible container further conprises neans for

engagi nFi@Rgh at |east one of a tenperature control unit and a storage
vessel for supporting said flexible container. 76. The system of claim75
wherein said neans for engaging conprises a rigid holder connectable to
sai d fl exi bl e74contBienasthod 3f cliine 73 Yistlencahpridiag reniteingthe eomaimat d f | exi bl e

container conprises a, plurality of f]aps for_engagi wi.th said rigid
hol der . hpdding e @%Pgiﬁp PrIRACEPY a??la@%’@fl PR tﬁ%ffaﬂ%f %l‘cﬂg’ﬁ?ﬂl%rhecorrpri ses a
plurali t%?gaﬁvaglﬁl)faﬁl% tth!’fro&@&ﬁioﬁhﬁﬁmﬁ&%ﬂédﬁh&téﬁéﬂiﬁme%mf)bl%ﬁﬁe cdiflrol The system

of claim erein said plurality of flaps conprises a plurality of

aper t ur emif o thagiep vhabjopharmdcdyticalonatesali d 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

sai d nmeans f o075 engRGYHEm FONMRELZERS s@rind bt biwing Dbioplpeinatsgigalon a t op
portion of said flexible container to receive a plurality 49 W 03/037082
PCT/ USO2hateniglssaid system comprising:

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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of projections of said at | east one of said tenperature control unit and
said storage vessel. 81. A systemfor freezing, storing and thaw ng

bi ophar maeeudsicais2 materi al s conprising: a flexible contairc@arvsdaptsed t o
recei ve a bi opharmaceutical material therein for freezing, storing and

t hawi ng, said container fully enclosing an interior portion for receiving
t he bi opharnmaceutical material; said container heing configured to forma
three diofenepaioas obsrihat lagse ang pf saicitemperagire pentpnl YBHARAERE SIS nateri al |
sai d thrv%e i mensi onal shape having a first side and a second side
opposite t¥We first side; a conduit connected to said flexible container,
the outside of said container being in fluid comrunication with said

interior portion via said conduit; and enperat yre cont.rol unit
conprising a ¥l r stA system Y figraing. %t%’&%l@adstb?‘gg’@é’lo%?@ué%?d first surface,
wherein . g f said first surface and second surface conprises a
heat tralﬁ%tfe}eliﬁggirpﬁg%g said tenperature control unit is configured to

recei ve sai d 4flexblbenteimat alapted to hevebiers, bigyhermaceutical anaterial Hierin ffonf orns to

the shape of sai.d interior of,said tepperature control Pt en said
cont ai ndfeezEes SpIiRg Al fgﬁwlqgesalg)?%‘ﬁﬁlﬁf’rrﬂ@%ﬁ??lg%ﬁlg %%%neerr?"é|1°'f%ﬂ5’%1 O}é\gi d first

Si _de anqe@{,ﬁgggeo&%a%g@ugtaﬁﬁ&gﬁﬂpnt ai ner cont act said first surface and
said second surface of said tenperature control unit, 50
said container being configured to form a three dimensional shape when filled
with the biopharmaceutical material, said three dimensional shape having a first side
and a second side opposite the first side;
a conduit connected to said flexible container, the outside of said container
being in fluid communication with said interior portion via said conduit; and
a temperature control unit comprising a first surface and a second surface
facing said first surface, wherein at least one of said first surface and second surface
comprises a heat transfer surface, said temperature control unit 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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