WO 2003/ 037083 PCT/ US2002/ 035137 SYSTEMS AND METHODS FOR FREEZI NG AND
STORI NG BI OPHARVACEUTI CAL MATERI AL CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thwe 2a@pi3vesati on clains priority to U S. Patent ARopliseariossi3teri al
No. 10/254,036, filed Septenber 23, 2002, and U.S. Provisional Patent
Application No. 60/334,622, filed Novermber 1, 2001. TECHN CAL FI ELD [ 0002]
This invention relates, in general, to biopharmaceutical material,
preservation nethods and systens, and nore particularly to a system and
met hod for fraet / i 'qgﬁﬁﬁﬁ9§ggt' i@l S.
BACKGROUND ART [d%gg?2%2%%%??§§£§%§§gyﬁE§§fgtgﬁgﬁégigg§fﬁggg$621s IS

i nportant in the manufac é" z of such materials. For

exanpl e, biopharnmaceutical nmaterials are often preserved by freezing

bet ween processi ng YROSSHEFBRENCE SORFIATED APPLIYATIONPhAr maceut i cal
materials are often Trozen during transportatl uf acturing

| ocations. [0004] Currently, preservation of biopharmaceutical nmaterial

often i .plLaci ng a ..cont ai ner jning liquid biopharnaceuti cal

mat er | aﬁbuﬂh\‘ﬁ%lgﬁﬁ?ﬁ??g?’% (élg%srl?nocrﬂ%%? ﬁ@ﬁ’%@?@égﬁ’}f"aﬁ&l &9l freezer and

al | owi ng el 072 3piBs; fIRdSebicabler DRI Andl0.Sf PRO%Fonal PRBEH ApiRblion the
container_is often placed on_a shelf in the cabinet freezer, chest freezer
or wal k- iNofGUeBAH2 2 filedNpvepibsphad0®dceut i cal material is allowed to freeze.
These containers nay be stainless-steel vessels, plastic bottles or
carboys, or plastic flexible containers. They are typically filled wth a
specified volune to allow for THCHSCAJ: BIKL.BXxpansi on and then transferred
into the freezers at tenperatures typically ranging fromnegative 20
degrees Cel sius to negative 70 degrees Cel sius or below. 1 WO 2003/037083
PCT/ US2(9868p51:3 fnveh@0R]atebOirttsitag 16 bidphhGitcetttal Rl%teﬁi\c’lﬁ‘bk%%]vgti@rpape I nsi de
the freezer, containers are placed al ongsi de one another “and sonetines are
st acked irn@’rboémamirsyatymw and myereipedicularly to a system and method for freezing,

and/or storing biopharmaceutical materials.

BACKGROUND ART

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

manufacturing locations.

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

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



spatial regularity. Under these conditions, cooling of the

bi ophar maceuti cal solution occurs at different rates depending on the
exposur e Wh 20@0137@0nt ai ner to the surrounding cold air pcani$2eham3zztent to
whi ch that container is shielded by neighboring containers. For exanple,
contai ners placed close to the cooling source or those on the outside of
an array of containers would be cooled nore rapidly than those further

away fromthe cooling source and/or situated at the interior of the array.

[ 0006] In general, adjacent placenent of multiple containers in a freezer
creates _thermal differences fromcontainer to container. The freezing rate
and pr od@8PSkimenste effivient use pEavrilghlershecednsidatheffresearecontaines aspace bet ween

t he cont g i Lk f r. This results.n a
di ffer entap| 1@@?@3@% gﬂtl%?ri/ e\ér H?E%m%@g%%aﬁr? g{aglge%%PWech§7 HE¥&idependi ng on
their | ocpatizimegutarityf Undearehesefcondieisas)obalingdXhe bivpkarbmee@ical @idifoar ent

containers for {y@% vi dual portions of a single batch of biopharnaceuti cal
mat eri al AFENFS ahdidlerant rates depending on the exppsuse Pt ¢ash sofrinehe thane bat ch due to
di fferent - iS5t g ' - LRZ] ' '

cont ai ner uﬁ)@gjjzlgg%mlggﬁi @{:du gre %ﬁ‘:ﬁ’ %}?ﬂieﬁ%?%grng%%&gér ggﬁggdng%gakf%&ﬁg%haz ard
and r andemtafeot. Héor ezamplegeomteaigere plaokit ebse toghe evoliap geuroé of theszémehet | Nes i s

that certair solute can no

n, cont ai ner . freez o slowy that the target
| onger bé’utgéﬂﬁ aélc?‘%iytoiF%glﬂgsi%@?‘ﬂ)ﬁ%%@lew@f’rerré‘ﬁ’é%@aflHﬂoée H5f essi vel y
smal | er lawayifthnp BRSQoliddéctir @ RARTRAM ed :
"cyroconc?en?r ati on."ollné] sone cases sﬁcﬁt%ﬂﬁ%‘ﬁgﬁﬁ%ﬁ%n could result in

pH change, unfol ding, aggregation, or precipitation of the

bi ophar cal  pr ct, thus resul ti i n_.product. | oss. [0007]

Di sposa egggrﬁ g?er{gll’ g&}g%e%plggenﬁ?%gf F%‘tltfﬂqgﬁ?fg?lglﬂégh?iﬁeﬁ@ §"%Bt%ot her flexible
cont ai nerierfial @iffobsiRcsiRomyettaineearionthihd. TOS Fre@fing AR BhPpRALSRRANHE cal

mat eri al Particularly, the volunetric expansion of the bi opharmaceuti cal

mat eri al hendapspd on thegistualifreesar loademasabaiwesitbs spntaingrseaniaie in an over
Kb Y . ore” e Pver Tol
|11 ed Dt RinchiirfnP BELRE Phis rGHLY ﬂggaltfgek&# k&rﬁgﬂtfggewgr g}ge%ogge%gg%f eria

possi bly ng to rupture or he i r
Mor eover théamdidinery dependingroncthesip bsatibreincoféeier) éorsexamplh Also, the astafc fl exi bl e

oA LALLM L, 00 LR Ll an ol thege 2 VO
due, for pexaim ey dadsSHfElent RBEIBSoPPortions of the same batch due to different

thermal histories resulting from freezing in a multiple container freezer, particularly if

the storage arrangement is haphazard and random. Another consequence of obtaining

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 pH change, unfolding, aggregation,

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

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

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



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

i nadequate protection of the flexible containers in use. [0008] Thus,
there i s woneadds3f@s systens and net hods for freezing, stPOoTiUsgQ02A8%31 hawi ng
of bi opharmaceutical materials that are controlled, do not result in |oss
of bi opharmaceutical material, but instead create conditions conducive to
preserving the biopharmaceutical material in a uniform repeatable fashion
in a protected environnent. SUMVARY OF THE | NVENTI ON [ 0009] The present

| nvent i 0BoRtaRHSEen refll@nidamle AHRRAE duedfo? ¥R [18hodKE §hafigy, t hawi ng,  and
storing a bi opharmaceutical material, which includes a flexible container
adapt ed impadteereither miskandiing evghoanrieeiionoperabmateaoisr inddequita for freezi ng,
t hawi ng, t ord .The contai.ner includes a first substantially
trapezoiggﬂgﬁgwfﬁgﬁgg??g@E@Hmjgﬁg s&tond substantially trapezoi dal

portion. [0010] The present invention provides, in a second aspect, a
systemfor freezing, A thawi ng, and storin har maceuti cal material which

g bio [
i ncl uded0008]Tdws gheredpnaendder systemsandauethodsiar g&%@@@_@@@p_&@%bmm& uni t.
The 7lex 'o? hﬁ)tpﬁgf}ﬁa?%ﬁ'&‘f'al f:n%te?ﬂﬁ%ﬁgué ?orﬁl%ﬁ%,"@ bt résh@ﬂi flsbLpphar maceuti cal
mat eri al erern tor tréezing and storing.” The container my be fornmed of
a first Sidphbkanddeatita) nfataial, Huenisteal cfdarxdohligionmt@idueilve topieedvinggkd her by a
seamwi th, a_second sybstantially flat sheet of flexible naterial so as to
lie subg’mmaqeyﬂﬁ'g%at%xﬁiw LIS Fepeqirbledpiiania agupiesiefler fully encl oses
an interieQbiroRR&dtl on for receiving the biopharnaceutical material. Also,
the container 1s configured to forma three-di nensional shape when filled
wi th the biopharmaceutical naterial wherein the three dinensional shape
has a first side and a s i i he first side. The conduit is
connected to the flexibl gﬁ@{ £ Q;,E()Fﬂ‘gﬂ*gm&(ﬁl\l.,g out si de of the container
to be in fluid conmunication with the interior portion of such conduit.
The tenperature control unit includes a first surface and a second surface
faci ng 10RO Thstpresgntinventionipsevideshin a Brspaspaety p system fordreeginigt thewingonf i gur ed

ner o, S APPSO L AP RRR bl

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

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

substantially trapezoidal portion.

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

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



material. The container confornms to the shape of the interior of the
tenperature control unit and the first side and the second side of the

cont ai nerwoanesrosshe first surface and the second surPecasedo2obs37
tenperature control unit. The first and/or second surfaces of the
tenperature control unit include a heat transfer surface(s). [0011 ] The
present invention provides, in a third aspect, a systemfor freezing,

t hawi ng, and storing a biopharnaceutical nmaterial which includes a flexible

cont ai nerflextisle @onthiQEPBERI Fehed AR Ecttaikediit fillddRith k@%i?ﬁ&rﬁgwuﬁb er is

adapted to receive liquid biopharmaceutical material therein tor freezing,

t hawi ng, Bffgriak dresgntaiges sonipries toghe shapaof thednteterf ¢fghe tethterataronf orm to a

shape of i i Of ture contr unit . in.r se to the
cont ai ner&gg}:)fr}%rﬁfs%@stP gﬁ{sﬁgfd?;m &F}Fe] %’80 r\l/%cs[@e ?fﬁ[he B?I’gﬁﬂgr%@gﬁﬁ‘ggﬁ?t mat eri al .
The t enpewuathice andctheteoohd ynificei ofchadapeaturt eagiol @AR. MBaFirdthadysf er surface
and at | east, one novable wall adapted tq conpress the container to inhibit
a cl ear ar?@‘éondo?é‘ﬁ%%“ér?ftt teEpRtatR &pntae] amngtieclude g kepstragyier sueface(®)r ansf er
surface. Further, the at |east one noveable wall may include the at | east
one heat transfer surface or the at |east one noveable wall may provide
support [0011]} He fresent iventporravides, im thinldspérand sygtehefor frebziag shawing,

capabilities 0012] .The present invention provigdes, in a fourth aspect, a
system f ¢" fsfoé&fia#@!,’phafrﬁgﬁ%uﬁ&ﬁ %%ﬁlétva??lhﬁcﬁdﬁ ) W&Plﬁé’%@%ﬂe&%d faterial ,
whi ch i nabugdasnie 6aRcRUAR! TROABLBR cohRief Reid4F-RkPRRBNERGRIE | cal therein

for freezing. The container is configured to "~conformto a shape of an
i nteri or ta¢phermagegea material thereio fonfigezingfhewirgh end stnting.nAisoj the

substanti fill wi t.h the. bi opharmaceuti cal terial. Also he

cont ai nerC%%l%lc eale%()%%guﬁefﬁ%f 0'%8???‘8?1%? é’iﬁ%ﬂﬁ?bor ”?gg%}’&?ﬁfa‘fﬁﬁctoingﬂf wher ei n
the fir stunppin fesponsdth thé eomeRenstind Qibista@fialpy @lldd with tHeWidpHRFAReBticdl he
portions nmay bhe substantially trapezoidal portions, substantially

tri angul dPatpdRl iToR emrsipteniral vyt mebidangleast onsdieat Gansfersutiaceeandi al | y
par al | el epidedide RAabieAPS1 a@a&%ﬁ%@%ﬁﬁe{sy th%lcbht%ﬁ{ep tcplﬂfntbﬁtoancﬁearasn.lf;gSt antially
or substanti Yy p 0

sem circular portions, ara I ¢ ‘portions. e interior
of the t dwprseatthe eondain¢rankd thaiati leastraye ey eatdfe sagfhes. Shaper, dlse dtheist

af orenment i oned cant ai ners, en the containers _are substantially filled. 4
VO 2003/ 085 Me@%erp@gmlpﬁ g_gye at least one heat transfer surface or the at least one
moveable wall may provide support for the flexible container without having heat

transfer capabilities.

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

are substantially filled.



[ 0013] The present invention provides, in a fifth aspect, a nethod for
freezing, thaw ng, and storing a biopharmaceutical material which includes
connect i rnyOa003/033483f | at substantially trapezoi dal portipem/useora/osadond fl at
substantially trapezoidal portion to forma container adapted to contain

t he bi opharmaceutical material for freezing and adapted to conformto a
shape of an interior of a tenperature control unit. [0014] The present
invention provides, in a sixth aspect, a nmethod for freezing and storing a
bi ophar nf048] Tleapreseat Bivieation fiaQide iR @dALNSHALH BSmBNOY il NG R CARL Rl
adapted to contain the biopharnmaceutical naterial for freezing ang’ adapting
the contadridrings bigphasmareusical mptarial wicluimcludesednoectiofe afitsefiger at ur e

control ugpj : r_incl S € ressing t cant ai ner, when
it isr ecgei];b\gltg%twﬁ/ t{%g%lg% rolyt(rl)érr{% §F*°t ?{@lﬁjag Frbl%}s?ag{?lﬁﬁ%% P)%P}‘%’Fp?}ﬁp’? ©to inhibit
a cl ear anfoembeionearer bleptabt@nted thebbpahrmdceasdal BRGIALH: feeaAnshed surface

of the ter%gr ture control unit. [0015] The present invention provides, in

a sevent PRBISE D confrrmp kyd shape of ae Bering of atemapdraigre eomrobemt.i ng a

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

subst ant [08NAYThef present ventiaf proviehs, i e sixet @peat] a metHodfon Redzi)dndl € cont ai ner

Stori ng.  Soritid BPPumaETEREBETaL MuecRol HEPPUTPHIGE Srossd for o
recei vi ngadaPed i @cﬂﬁﬁh@l@&ﬁ@?hﬁﬁiacé{ﬁfcﬁrrhﬁériﬁ}foﬁ #87id Ol 4G th@e first
substantially flat sheet of flexible material wth the secc%n

subst ant i enfanef faeordprmato oshapk of pibinteriva o€ o tahperduteroatroiinierifliconal shape i s
formed wi e.container by fi.lljng the contai.ner with.the. .

bi ophar rrar%:lgttl}? ‘iﬁ Eugfheﬁ‘gltc urdfe%fzo'ﬁ_%%ﬁsé?%{hte%gmapﬁ? G ARehiRE D gﬁé’b@nﬂ%s a first
side and ¢f therafperairg onpFlamit & inhitlal ddtanth B6tweln tedtiter FRY o€ CONnect ed
to the flexible material wherein the outside of the container is in fluid

communi c e ANSReah rander syriaee o the ssnipesiuigicantrpleniondui t . The cont ai ner may
be received in a tenperature control -unit having a first surface and second
surface facing the first surface and the shape of the container may

conf or m [0018}Thientresentbimvedtiont frevidesyes sdventh aspirt b dhethtd for frE&and,i rst surface
and the second surface of. the tenperature control unit may contact the

first si d82%RE Qe hbioR %Qaﬁ?utlcﬁ]én%t%ﬁlairfﬁé imethpeingludes jeining 2 st sur f ace
and/ or t NesEREQRRLIIN R SRecTBY fbHblettiferil BF Alsedrh INH £lecStl LAsBntialy

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

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



WD 2003/ 037083 PCT/ US2002/ 035137 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016]
The subject matter which is regarded as the invention is particularly

poi nt ed owD 20@3M37@Bstinctly claimed in the clains at theczarseérssin7 of the
specification. The foregoing and other features, and advantages of the
invention wll be readily understood fromthe follow ng detail ed
description of preferred enbodi nents taken in conjunction with the
acconpanyi ng drawings in which: [0017] FIG 1 is block diagramof a system
for freezing, thawi n@REEFDESORIPIION OFFHBESRAWRNGSMBterial, in
accordance with the present 1nvention;, [00I8] FIG 2 Is a side
cross-sectional view of a tenperature control unit of the system of FIG 1
havi ng i.on VI {ew of a

f 1 exi bl goggﬁﬁeﬁgb % ﬁ%{%hlhg%]rg%%%ﬁs tﬁe ir% Rtfofﬂelg% ng irj) Xﬁﬁa{l ut| cal

mat er i al sndsisintgy b]lairtldftbmSths tlemlmt th @ncn,lsimlaflthet Spedisisgiddl. Yhet her eof ;

[ 0020] FI G 4.is 3 top Cross- sgctl onal vjew. of the tenperature control uni t
of FIG foregpisgrpdpdiesicatures agd dvimiages oisthe ineption il be saddy t he

t enper at L[fnﬁe&%ﬁrffgm Hfé'ﬁ)ll@&tvuf Ic@taﬂ%d des[cﬂpa 1‘: % fx@d eﬁmb?dﬁllé?ﬁ; dl,pgram of a
system for regulating the er ature o exl bl'e cont ai ners
for hol d|qog]uluctmphwrthm]chomghnymgélawaigs 11andh1c{lf)023] FI G 7 is a side

el evational view of the container of FIG 3 when substantially filled with
bi opharmaceutical materials and conpressed in the interior of the

t enper ag[oow Gt 1 94 bleBk Hia E’farﬁ B%C%sbé&h?mr@tfeeﬁh thawm M 09 037083

PCT/ US2002/ 035137 DETAI LED DESCRI PTI ON OF REFERRED EMBODI MENT OF THE
| NVENTI Oigdenmicentical sesdetipdnioacodrddnce mathghe nmsmtelsvemlom;he present

i nvention, systens and nethods of preserving and storing bi opharmceuti cal
materials are provided. [0025] Wen processing biopharmaceutical materials
such as [0018FTGOL is £ ke pfosseEdtidhhiOnew bP4 tepxiath®, cohfrol lifit /thd Systme frozen

t oo qU|ckIﬁ: with too high of a,  water content, the cells may devel op

i ntracel [9§IF4P- 1 haviag g spufpmer hereinr esul t, the cel | s

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

thereof;

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

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

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

plurality of flexible containers for holding biopharmaceutical material; and

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

temperature control unit of the system of FIG. 1.



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

ext ended woerzo@ad3od83ti ne, which may also lead to cell dacags20020828] The
freezing rate may affect biopharnmaceutical material distribution within a
frozen volunme with nonuniformdistribution of biopharmaceutical materials

|l eading to detrinental effects. In an enbodi nent, control of the freezing
rate may be represented as control of the dendritic freezing front
velocity, with the dendDETAILEDRESCRIPTION @PONE froma cooled wall into
a bul k region of (HREPERRED PMBODIVENTOF AHRINVEMNrfoNezi ng rate al so
affects the final frozen nmatrix, which nmay have biopharnaceuti cal

materi al -protecting or biopharmaceutical naterial -danmagi ng

char act d Bgﬂ] Tagcoqrganae,witipthe priaciples o€ thernaeseniinygntionbsysteiverand cesihodsal

mat eri al I . Jtrifi portion between . dendritic ice crystals
may be a °fg’?%§ﬁ§‘? al%:d;%} P@%ﬁ"ﬁ%@ s ?%tl%glpl?ac}? %%lf‘ F‘f?d’r?‘{}sgf‘ Bi ophar maceut i cal

mat eri al -danmaging matrices nmay take different forns; for exanple: (1) a
very ti llular ice crystal matrix or (2)_ an assenbly of a very large
nunber &Bb?gﬁ%%BrQ?FWgaIP@PW@ﬁC%‘P%@&tefl@}l%wb@é cells fpery thin |ayers al ong
t he cryst il ) rs i r ae 3 ds on the
ice cr ystﬂoﬂgﬁégk%?%pgﬁwe%;q&%lr ’el? glr%%ggﬂs{erﬁ&gf %Fbg) Cﬁ]g‘%kg% V?iwet%gégﬁ%g?ef? ic ice
crystal staterctontent, theicéllsdesy davblop intedcellnlasice ueytstile Aleperds, the tétkrily on a

freezing front velocity with ot her secondarily ipportant factors being the
terrpera'? Jre “‘QF’&EF‘%‘& fg%,c&ﬁﬁdgﬁV{ag@n@h e@%ﬁé@ﬁ%@»éﬁnﬁﬁﬁel&a%gpﬁﬁne@f’ and
geonetry sﬂi‘wlgf,hﬁxe fcEBeAe Repoe@M BdeBfiratdd WR2OORL R3EA8H gﬂ%gih‘yd YpgAQ2/ 035137

[ 0027] According to the present invention, malntalnin e velotity of a
dendri t i ovhiclemaydsodead towellidagage.ont (hereafter "dendritic freezing front")
in arange from approximately 5 mllinmeters per hour to approximately 250
mllimeters per hour, or nore preferably in a range from approximately 8
m || i metje026 R fuingtrate ABPLRXt PRpRihaddRicAl hhieARIBESLREN WidMh.a OF NDSt
preferably in a range from__approxi matel %'10 mllineters per hour to

appr oxi mi%l‘EF’? vebmeivith pagmafosmdistripigion of bianboinssutiesl mateaiglsdeasling to

Cryopr oceRg{AghSIUE I Sin eRbBdiMAE hAPIDr e £ B, be

represented as control of the dendritic freezing front velocity, with the dendritic

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

container.



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

di scussi owoi2ob3usresat es t he rel ati onship between the velpagiusgooafossiandritic
freezing front and the size and spacing of frozen dendrites in the context
of freezing of biopharmaceutical materials. [0029] If the velocity of the
dendritic freezing front is nmuch | ower than approximately 5 mllineters
per hour, the dendrites may be small and densely packed within the

dendr i t i [@0R7R&zdonding t®the. préSenisiakition] Maintdieing eRdreldeitd of b @8RS it Ont
behaves as a solid interface with solutes and bi opharnmaceutical naterials
not bei ndr¥fitldirezmedron (kereaier "dendritic fiweing font" hing BegGomnst ead r ej ect ed
and push Fol=In i i i.ner thus causing
severe c?ag’gié%é%ﬁ g?ﬁ %n I ng? %@Tﬂu?a%%lpg% %’ﬁ%@tgl}g%ﬁilhgﬁm%%ggpﬁeépﬁ%@ﬁti cal

mat er i al smofeG@8®iablsint duangeframiapproximately® millimefel gz hogr for ont i ncreases to,

but still remains. less .than a oximately 5 m | ljnmeters per hour, the
dendri te?pﬁf%wg@%mﬂfl@fs@ésr&?ho% ngoameﬁ?{ﬁbéy 8japgR Eem devel oping into
cel lul ar HbrE@MHERAT0 ﬂlﬂ"i’{‘lihﬁfe?ssper!h'auﬁwa%%of@% ateEfLDlSlmillﬂﬂéﬂé s}g?ﬁ&!uj percent age

of the solutes or "bi opharnmaceutical nmaterial s becone e ded Tnto the
sol i d magyovidasadvadtageasterysbradessingéandgona inla ildgrheganelisysteinsahd mat eri al s

hed £ d.by the advancing dendritic freezing front and thei
Concent r arraePReEHEY pin A RAC e B okl ot B R Rerl B g 110

I Nncr easesninihizd oshvdlaéd.on may still result in danage to bi opharnaceuti cal
materials. 8 WD 2003/ 037083 PCT/ US2002/ 035137 [0031 ] As the velocity of
dendritic freezing front increases to, but still remains |ess than

appr oxi L)) . [Lie [.OW. sonewh | arger in
o o a0 2B A o TE i BB Rng kel BB e P B BT RR e  or e, 1 1
t hi s caseelsitylof dendritic faeesinglftonp end tetsigendkpiche Sdtdrbs deftrites in the

bi ophar naceuti c materj.al s nay becone enbedded into the solid nmass.

| nst ead, %Eeﬁ‘tﬁgﬁ?%% Ihﬁ‘?@émé%&“ﬁ? P&t euti cal materials are pushed
forward by the advancing dendritic freezing front and their concentration

in the liquid phase of biopharmaceutical material 110 increases. This
si t uat i dRORBIAL dhei veloqityanfithe denddtierfigezingfrbntcp achbven thanadpprad@atieht s.

5 millimeters per hour, the dendrites may be small and densely packed within the
dendritic freezing front. Consequently, the dendritic freezing front behaves as a solid
interface with solutes and biopharmaceutical materials not being integrated into the
solid mass, but are being instead rejected and pushed towards the center of a flexible
sterile container thus causing severe cryoconcentration in the liquid phase of the

biopharmaceutical materials.

[0030] As the velocity of dendritic freezing front increases to, but still remains less
than approximately 5 millimeters per hour, the dendrites grow somewhat larger in size
and more separated, developing into cellular or columnar patterns. In this case, still
only a small percentage of the solutes or biopharmaceutical materials become
embedded into the solid mass. Instead, most of the solutes and biopharmaceutical
materials are pushed forward by the advancing dendritic freezing front and their
concentration in the liquid phase of biopharmaceutical material 110 increases. This

situation may still result in damage to biopharmaceutical materials.



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

si ze and wecoes#3nsse conpactly packed, thereby |osing wPoe/shed2ioss131 o
properly enbed solutes and particles conprised in biopharmceutical
materials into freezing front. [0033] If the velocity of dendritic freezing
front is much higher than approximately 250 mllineters per hour, the
resulting solid mass conprises a random unequalibrated, structure of fine
i ce cryq0083] Asthelveloahy df dendeitio ficerigg Gout thelaseaadlibay eil]l rdndineléaypl e, by
supercool i ng smal| vol unes, of bi opharnmaceutjcal materials, by freezing

bi ophar mdt@uarREerimaiahep millangters PaY kourdihe dendrifes gowsamesihat latges ugize vol unes
of biop i i I i qui i -yogeni ¢
luid. [ ODS o ERE R AbHR b Shfubd ool bRAER, Oy s 28 SV EE°T o
super coolanhya smal petcenfagaofthasaufeslot bivpharmaceuticalphnateriale neaystame gr owt h, t he
vel ocity of ndritic freezin front may. exceed 1000 sec. . Spych fast
ondr 1 1 EHbAed et BEspiEERn dnsid dosLat g Soes sad bplitmsniionk o

bi ophar maggutihis ate FRA&T fodlrd BABE 8AvAntRE dSRdrtl FREFG TG Endeir f Or med of
equilibrated ice crystals. Thése non-equilibrated solid nmasses are prone to
i ce recr yonegrtiafign imthe lighiglphabseidriophasmacsuticatandterial L@ inprsasesal Bhisnd gr owt h

of larger.ice crystal i xcessive. mechani cal forces on

bi ophar el SERTLERY ST il ARG pRpREE TR L) material's i n
non-equi l i brated solid masses may be distributed between ice crystals in
very thin Iafers on grain boundaries. This produces a | arge product-ice

cont act [PRBRNE theavelgaaty of derdritis fraegingdapt merepsesrheprd approxigipialy 26@ e

crystals, i j i i 186 i i WO

063 o5 7dntlER Esdfh! RS St{‘ﬁ%’g‘ge?%?% HAERhY f"?%‘f@@é“é%éc?dr@aé’ax be

r egul at ecpabled, Hetenslbsiag dre abiiy eaptoperly babbksiiutts and grsticled cdryerissyist em
(thereby .inflyencin ,t?erma] e,ffeigts, and the resulting dendritic freezing
front vellB&9N ?Ceg'ﬁ“& pyrteialsdato {5epziisd ™ @Wncent rat i on of sol utes. [0036]
The length of free dendrites may depend in part on the front velocity and
on the tenperature gradient along the dendrites. The free dendrite may
refer td00BS]If éregtehocaty of denedritrftrerzing feinit ekiongh highey thdveappraimdteph2®e, or,

LT ket B M R e P e o, Beabfedlfoe 2one’

structure of fine ice crystals. Such rapid cryocooling could be achieved, for example,

by supercooling small volumes of biopharmaceutical materials, by freezing
biopharmaceutical materials in thin layers, or by submerging small volumes of

biopharmaceutical materials into liquid nitrogen or other cryogenic fluid.

[0034] For example, in biopharmaceutical materials subjected to supercooling in a
liquid phase followed by a rapid ice crystal growth, the velocity of dendritic freezing
front may exceed 1000 mm/sec. Such fast dendritic front velocities can create solid
masses that comprise biopharmaceutical materials, wherein the solid masses are not
formed of equilibrated ice crystals. These non-equilibrated solid masses are prone to
ice recrystallization, when dissolution of smaller ice crystals and growth of larger ice
crystals may impose excessive mechanical forces on biopharmaceutical materials.
Further, biopharmaceutical materials in non-equilibrated solid masses may be
distributed between ice crystals in very thin layers on grain boundaries. This
produces a large product-ice contact interface area, due to the very large number of

small ice crystals, which is detrimental to biopharmaceutical materials.



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

t enper at LWe 2a63003g0s8he dendrite |ength and the solidifi @dTrsee24&37 f r om
the front. The tenperature of liquid between the dendrites al so decreases
Wi th nearness to the cold wall. As cryocooling continues, with certain
solutes such as salts, the solute concentration reaches a eutectic
concentration and tenperature. [0037] The sol ution between the dendrites
then solidifies, reaching the conplete or substantially conplete, or

sol id, 35§géitic state. This state is a matrix of the dendritic ice

cryst al Iatsridgndriticspaging ca be reeulagad bydnpreasing oedaseeagwgrihe sas e dendriti c
ice cry . do not .form
eutecti cgﬁlﬁdl %}sttoggg%y?tﬁé;ﬁ @a@l{}{lg@fn&%ﬂ%%%ﬁ E{fg‘ﬁg&%{r@%??/%#éqgl e?gn%cet ween t he
dendri t i dréezimgdrons velositieIhend oy sdeyion taad eonteytrytiont cfedbludesbi ophar maceut i cal
product, whereas a crystalline state nmay have a detrinental effect upon a
bi ophar naceuti cal product. Dendritic ice crystals are described further in
R W sni[en86] The2eygh 0PH88 dbRhH& ey yrp;gi@ ' J;rm& r
Biopharggceu%icaJ %$§tens, Bi&%%arn1§f%%): 0-§gﬁ%%%%§?dg§%fFl %%iemski,
Lar ge Scdbapaeispgradisntapngthesfendites. sThaked dapdripromentefersndhe Bhgthadi cal

ner oi n by BPEPLELR it bRUne fintih s Rbioufpathbedp et b 88T n i os
1-5, por t'inQRBy 9bnet osyls‘h@@théﬁé 7086 klgN G mixRAWbNEendpiie $&F My §i8l RBdest Or i ng
bi opharmaceutical materials are shown. This systemmay include a sterile

cont ai neranddigekl phasebetyecn tem. Afrthatineef the dendaiien, & tewpaBtwOs2008/ 037083
PCT/ US20Q2/n9 i i i.cal. mat.erials,and configured
to conf o?gnot c\a)}:)é1§ %ﬂ%g%@%%%%&ﬁﬁﬁ g?%?%?ﬂ%?% gq%%ﬁ%%%et %l%g @’c?nqep‘éirllteuni t, such

as a heatlemth hadpersoRdified QQS9iwiebmeake hamy elhe20np&rafi@dbf 94ti@d to be
operativel erature regulating unit 27 for controlling

coupled to a te ]
Fluid {1 derTRdbySerdris iR eSSt U SHeniofbe cpldayalt ramemeroqbingt es 40 of
heat exchangftes2%ith CertfR E(Slﬁjtéaa %ﬁ% Efs%m?é:; T d0iRe Qbn@Rirki elre%&lres 25 of heat

exchanger 20. A controller OWs ‘a user to contro enperature
regul at i reytegtic torRentrgionemdrtehpéretatrd ng and/ or cool i ng of the conductive
medi um such as

[0037] The solution between the dendrites then solidifies, reaching the complete or
substantially complete, or solid, dendritic state. This state is a matrix of the dendritic
ice crystals and solidified solutes in a eutectic state between those dendritic ice
crystals. Some solutes (for example, carbohydrates) do not form eutectics. Instead
they may form a glassy state or crystallize between the dendritic ice crystals. The
glassy state may protect a biopharmaceutical product, whereas a crystalline state may
have a detrimental effect upon a biopharmaceutical product. Dendritic ice crystals are
described further in R. Wisniewski, Developing Large-Scale Cryopreservation

Systems for Biopharmaceutical Systems, BioPharm 11(6):50-56 (1998) and

- R. Wisniewski, Large Scale Cryopreservation of Cells, Cell Components, and

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

herein by reference.

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

system may include a sterile container, such as a flexible container 10, adapted to

10



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

i nserted wot2003/03t@si or 25 of heat exchanger 20. One exageplis2oR/0as51beat
exchanger is described in co-owned U S. patent application nunber

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

af or enentdoantdthrndihenhiRitcal antedd Lad dagﬁg\_ﬁyéd & cdnfeih R 5@5@ Bf ipies
described therein, may be used in conjunction with the systens and net hods

of freezilA§riahef a wrperatye sPoplamitasichias e deatreackanigat 20.0f the present
invention. Specifically, the coolers or heat exchangers described in these
applications may be configured to incorporate and/or receive the

cont ai nd0839Heas breliangertP0dp bafimeal ol lealperivelicalysled as£feniiRehriier ei n - and
any associ ated struct For exanple, tenperature regulating unit

. )040] .
27 may cd’ﬁglilﬁt!mgf it o %gaqu[’iﬁ% 8%41% _thr??%}*?sqc_@ﬁgﬁl‘@t@%qi@@ speh eontrol a
rate of deadkidsks pieft@sQ%j S¥heht QRhatdR) 86t é/ofn\ﬁ‘ol ﬁ‘l'te H'etﬁﬁéaratupé @?%gh%%? utical

mat eri al s through feedback tenperature i nformation regar
bi ophar meddenfthegtadxchatger 2G4l 4 dontroila$®0ailows p@sdreopentat] iemgera@rsor s ( not

shown) which.nmay . i nserted i.nto contai.ner .10 t hrough part 200 or may be
connect ed “¥53E; mf)ﬁt %89‘39 {roﬁ?)e,aluﬁg ﬁ?c@gr 0219.&“’% Hfé‘efc@é‘iﬂfé‘gﬁ med8pLsEehit s nore
preci se Gsks o, 16 talie dleczing GPHRIvidd WP dhphi OPhapRREE el miBLgsi al s, and

facilitates control of the dendritic freezing front velocity to within the
reci ted riaggestaingarspelbiseexdbleisontgingal 0, wheindkis dsssrtedinté indeidy28 oftheati | e

cont ai ner h | resi.stapc etween f.lexible sterile tainer 10 and
pl ates 207 %lg%nggr E%P@n%%’?%nré? PQ%F‘?‘% ef‘%ﬁerilﬁﬁﬁcﬁ f‘cdo‘&ﬁf’"me&‘f}gﬁ- PHEY eedback

| oop. 11 2fli2R0a/mMmbeBSe/MeNASARALB3313701, hAP4d-olvndd e Slengnt ti ¢ freezing
front separates biopharnmaceutical nmaterials present as solid nass fromthe

liquid fGPRIeAtiopdNo. BYEHEAL P PeldledMayal2. ol le themntiretich of eavh qfvddelcirag  a
sol i d- i gijghiipd LI Wi dr ' . .heat renoval from
the biophar r¥‘511c eﬁ(}%faéﬁ hﬁ%tn)({a\{r}* ge{T%rgg%mlrﬁﬁﬁcgg?ﬁ%e ??Ig'%é’gl n%rg?rf@ lgﬁléaezi ng front
advances afwamentioredapplécations rand fictzng awf/of thewingltechaigies Hesceibat ai ner 10, as
addi ti onat_hggl i qui d. bi oga(ﬁar maceut i cal terials freeze into a soljd mass. In
an enbodi R glfaygaﬁ gsed in conjunction with the systems and methods of freezing and

storing biopharmaceutical materials of the present invention. Specifically, the coolers

or heat exchangers described in these applications may be configured to incorporate

and/or receive the containers for storing biopharmaceutical materials described herein

and any associated structures.

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

and plates 20, etc., are automatically taken into account through the feedback loop.
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present invention, the dendritic freezing front velocity is the velocity
with which the dendritic freezing front advances. [0042] In an enbodi nent,
t he rate WO 2o¢8/(3M0sdeat is renoved (i.e., the heat fl ux) pCrarseonioesi37

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

dendri t i [QOMNFER de@idfitio ReeARNBAY sep@rtek BlopBaintite@al malelihRPrése: dsenper at ure
of plates 20. [0043] In a preferred enbodi ment, heat is renoved from

bi ophar meeéidinasa fropethe ligaidsform of therbagnharhaseutiivad matesials theadhytraoducilg y .
i f . Pt ceezi ng.f. it hi tantiall
Vol umeoft 10 R OB Hhlch pli e Rmish s ik B A RGA B L3, 0, ®

vel oci ty Wbplidnaacbaticulichateridls eartings, edthdrifibfreéAnaftes @iamtes bRgy antial |y
constant velocity of the dendritic_ freezi napf ront wwthin flexible sterile

cont ai nerfromdhsinperyriaee ahlledbls gterisconiiner 40sas additionabiauid desirabl e
because iy; LAeS a1 st A0EEM el oSt 1l & Cé?l'i\ﬂj : undi st ur bed
dendri ti cgl?@({aa%?:{r ystgﬁ' gr %ﬁvwﬂ, @élel’% g;de%gg%ﬁ% ?acl)lmt gﬁ%&g&g&]}% to the

cool ed heatsent ansftem, therdeadetiodredring frive veloesy isnthe velotityrevith[ilehddhe As
depicted |n El 2, heat transfer plates 40 may be arranged non-parall el
relative 4%%%\&8%‘?&1&?“%%‘ be arranged relative to bottomwall 50 such
that interior 25 conprises a tapered space with a smaller distance between
heat transfer plates 40 at their bottomends than at their top ends. This
t aper ed [9042]Iprap\einhediment] the gate atwhish heatds teorovad (iiet.ghe beat axpfiomt han its

| ower extent.thus praviding a, head .pressure.whi:ch al so.serves to pronote
comtnct e biopfitiBe et bt B R RS BRI Bisffud Breie

PCT/ US20026:Q38#1%¢ thd teipefabire Bhali @8 béeedbidpharhlaedtRBEMe@rialk hadgement  of
plates 40 is favorable since it provides neans directing the

f
vol umet r i Blateg 20 iseeuiskateshwith tlmatfmwhéph}@aftlﬁé@novqsﬁpf;%ﬁheon. Because the
d. , - . i o i f1 exi bl

| stance &g@&@ﬁ%&iﬂ?ﬁﬁm 215, Md 9{1@@@ &%ﬁ’@@%ﬁ@%kﬁﬁé gﬁpﬁs éaPcegeg exi bl e

cont ai ner required soltdification ., dendritic
freezi ng donanilsd byt commedtingthe Zempedatprz aftplddet2deen t he pl ates i ncreases al ong
t he verti cal
[0043]1In a preferred embodiment, heat is removed from biopharmaceutical materials

at a rate that promotes a substantially uniform advance of the dendritic freezing front

within substantially all volume of the biopharmaceutical materials or a substantially

constant velocity of the dendritic freezing front. Maintenance of a substantially

constant velocity of the dendritic freezing front within flexible sterile container

according to an embodiment of this invention is desirable because it provides

substantially steady-state conditions for undisturbed dendritic ice crystal growth,

independently from the distance to the cooled heat transfer surface within the freezing

volume.

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

pressure which also serves to promote contact of flexible container 10 with heat
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axis. Thus, the volunetric ice expansion is not constrai ned because there
is always a |liquid or air cavity above. Such an arrangenent inhibits
uncont r olwecossai3msat ri c i ce expansi on, which can pl acePstrrsgsees3sn7 wal | s
of containers, such as flexible containers, that may result in ruptures of
t he containers and | oss of biopharmaceutical materials. [0045] Flexible
container 10 may be forned of a lamnated filmwhich includes several

| ayers and nay have an interior volume ranging fromO0.02-1000 liters, for

exanpl e. trabfeeplatesfddr by, thd lapicl bearpehicat GEFlatdH40BYahadBledink@itume bet ween
0.5-250 liters and nost preferably, flexible container 10 may have a

vol une betwdes meanpdor directing fthesyolumetyip icecxpppiian inanpipseshperti¢d] e

product - i f i | yet hyl ene, very
o dens gt BthabRUEE dcbBeb kTRl u0tuortites SERTLMEER X 2TE;

pol yam deexjid¢ yaitaipeict), olid e rq@ingdforpylidifieationdnis (a0 deidfiit ene,

pol yvi nyl | denef | uor.i de, pol yur etoqr%ggt fl uor oet hyl enepr qpyl ene,

et hyl ene-NAAYe f%ﬂn&)ﬁ%mee @IIQWEP_ W@tﬂf*%lf’lﬁtféﬂl%f_é?eﬁ% 2nvee ths ypsfisebpy | enes,
and  copolyTerRs, Hib ¥bhReriOlce Iei‘]gﬁn%h?ssncgr&%stfamr eﬁ?.lsre Iﬁfer@ﬁ%ﬁgys’% gas and
my be 0 yl'en yl

wat er vapor barrier |ayer forme an et e/vin cohol
copol ynerliquidkenaiecaxitylaboves Sypblapamacgenomt aritgtshincemeolied vplunstet ke

copol yner . Further,. .fl exibl e container i ncl.ude,a.l.ayer with high
mochani coPRISWh e @placs S Hals OTGatane e ek et b er W ¢ h

i nsul at i n@nRideds; thdt tayaasulivglrBptitbs of e cBXRAMRILandABYSTHi®harnldRBuli@yer s may
be conpatible with cold conditions and nay be able to withstand ionization

for sterPapualsi on purposes. One exanple of materials useful for
formul ation of flexible container 10 is described in U S. patent No.
5,988,442 to Vallot, which is hereby incorporated herein by reference.

[ 0046] HoO6ASIHexiblervbataines 100hayee fbenddafaddmimatedetilei whichhecledtgesvepdl two fl at
sheets of the dzr?lte ials described above to one another to forma seam and
to encl od&yeEhandinay ngre amigtepor yolynie sareysirprrt) U2 oifblitgrsios pxamplet i on

t her ebet \@@ﬁ@wr&efabw g&gggﬁe %@\gan&%hmfy iBve %%ﬁgﬁe H&%eg?o.fsffgpﬁger%?n?he edges

substanti a trapez pe thus resulting 1n the we

t her eof rhaont prafgrablybfexible cantirtes fl @ ntay dhlya volapedeiwadn (sHE)pe S ligss.best

depi cted l*io? egz{n%le,?’ a bi'ggtgmpatible product-contacting layer may be formed of a low
density polyethylene, very low density polyethylene, ethylene vinyl acetate
copolymer, polyester, polyamide, polyvinylchloride, polypropylene,
polyfluoroethylene, polyvinylidenefluoride, polyurethane, fluoroethylenepropylene,
ethylene-vinyl alcohol copolymer, polytetrafluoroethylene, polypropylenes, and
copolymers, mixtures or laminates that comprise the above. A gas and water vapor
barrier layer may be formed of an ethylene/vinyl alcohol copolymer mixture within a
polyamide or an ethylene vinyl acetate copolymer. Further, flexible container 10 may
include a layer with high mechanical strength (e.g. a polyamide), and an external layer

. with insulating effect to heat welding, for example, polyester. The layers may be

compatible with cold conditions and may be able to withstand ionization for
sterilization purposes. One example of materials useful for formulation of flexible

container 10 is described in U.S. patent No. 5,988,442 to Vallot, which is hereby

incorporated herein by reference.

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

the materials described above to one another to form a seam and to enclose an interior
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exanple, a top trapezoidal portion 100 m ght be welded to a bottom
identically sized trapezoidal portion (not shown) at a seam 110 resulting
in a flatwbagodmsvisnag a trapezoi dal shape. Further the Pcafsaazdaii3porti ons
may be formed such that, when arranged flat one atop the other, an angle
120 between a side 130 of flexible container 10 and an indicator |ine 125
substantially perpendicular to a bottomside 135 and/or a top side 140 of
flexi ble container 10 may be conplinmentary to an angle 45 (FIG 2) between

one of hemitiéd thesdbetwdehaFes ebhd; o sddh AiGhetPply BB ShRE iRQ (FIG 2) of
heat exchanger 20. For exanple, angle 45 may be in a range from 0. 001

degree t cUkgantply teapszoifelshapn brsicselting i g viskding ofithe edgesdhereef and 20
009! 0o A bl 3L b St WA AR SR 00 MRS 1823 ARG C20- [0047]

Furt her e-cont al ner orma pris an

equi | at erexbmpp; b somtrigsezaidappgrtion 1 0E&sREH de wiebdddab ABoftbhli@shtithllsiv i

bi ophar maceuti,gall material_and being supported by the tapered slot forned
by two ndRPEANER ROrtionEet thosyy pbs sesmhl Khreawting jg a Hat hagdavineexi bl e cont ai ner
10 is su hal [ ot - b AULd: i qgﬁﬁ%t' rial, two
opposi tqua?ogée%ﬂngh%{ é(;x}ibdgﬁgr yg%{aglezr#édfaq%gglcoﬁ%g{ségg;eat t edlugﬁl‘%%%eﬁm by seam
110 may berangepBziaindsiforethg otler,fanmaglet128 hetvoded al sidd I3 Fa@lexbitcomtsingond

t i dal__side..(not .sh depicted.in FIG 7. A bstanti al |
Feet angul DenigrargbAt 4 P brirudB R ateto Fhufin 518dps 8nderaos mmy be
at an angbgsiddd40 of ABxibRioneli 10inks RIDniRshER} tdd nghespgndi syl ar to a

top side 240 and/or_a bottom side 250 of “flexible container 10.” A second
subst ant ibgfweenrangtod hgefl teansfea plateg HOSFHS 2) 2ad adpticarsidet® (FIGrHtofheapezoi dal

si de 205 225 relative to ond indicator line
355 subs ey 30, Bor R, AL B3 ARS edn bl dn BT BBEs L Ge 250,
Angl e 22Qlegreds,andledréRiredrbying etsvebis 0 Anietdel nd @Quiepbemid thost prebged 20 for med
when flexible container 10 is_flat and top trapezoidal portion 100 is

ar r anged Jengbeivesn Q-Adegise ppd A €82Sz 0i dal portion (not shown), as depicted
in FIG 3. Mreover, a bag adapted to receive a biopharnmaceutical material
could be fornmed of two simlarly sized flat sheets of other shapes wel ded
t o each [004&}Eurthey flexitde t@angiubral0, may feamguprismaticpham (e2l, @picpeaithiteral el 1 i pti c,

em circul ar, .or, patabolic sh d eet For., exanpl e,. bag,. 14 WO
2003 / 6373%1%% /3]&%)55) %Eyeééglfg goalg)e?ng fslﬁede Wlsth the blopﬁ(arnqgceuhcﬁ mategrial and
being supported by the tapered slot formed by two non-parallel heat transfer plates 40.

Also, when flexible container 10 is substantially filled with a liquid biopharmaceutical
material, two opposite sides of flexible container 10 crossed at their mid-point by
seam 110 may be trapezoids, e.g. a first trapezoidal side 205 and a second trapezoidal
side (not shown), as depicted in FIG. 7. Also, a substantially rectangular lateral side
210 adjacent to first trapezoidal side 205 may be at an angle 220 to an indicator

line 230 substantially perpendicular to a top side 240 and/or a bottom side 250 of
flexible container 10. A second substantially rectangular lateral side 215 adjacent to
first trapezoidal side 205 may be at a second angle 225 relative to a second indicator
line 235 substantially perpendicular to top side 240 and/or bottom side 250.

Angle 220 and angle 225 may be substantially equivalent to angle 120 formed when
flexible container 10 is flat and top trapezoidal portion 100 is arranged flat atop the
bottom trapezoidal portion (not shown), as depicted in FIG. 3. Moreover, a bag
adapted to receive a biopharmaceutical material could be formed of two similarly
sized flat sheets of other shapes welded to each other, e.g., rectangular, triangular,

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

bi ophar newewvésbiosgat eri al and supported by two paral | @CThEsatw2t08H03%f er

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

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

heat excHangar ofdfo s@ﬁﬂmsﬁé@@aﬂrmﬁi r sheets B8 dhmbe tWPoppRsRePl €,  seam 110

(FIG 3) connectin side 100 with bottom side (not shovvn) of flexible
cont ai nerfe%@lgr'é?} Sr‘@ spbgfantipllyrfiltedivoith ths biapharmdegeticobmatetitDagbut s one of

si de h;}%o‘i%d% Q%%aﬁﬁ%?n&[e?rﬁﬁst ﬁreplﬁéy’ﬁ her, in response to flexible

cont ai ner ed W I"ophar maceutl cal material, seam 110
may be located in a plane substantially perpendicular to one or both of

si de wal bé go This confjguration allows flexible container 10 to
subst antPa##1hedprmptionpiflexihlecontaiper0p asubgiantiglly prismptieshaae. wheso nay

el ude depsERehORIA kL EHAhaShAER AAEHAy Louh ACCL YEsGRAThAED-  Such

depressions also pronote contact between exi and heat
t r ansf er allphvatflesibd®corfainér mdnbamcelwdahesmdabbmm]raﬂpeonfonm beetheskapef | exi bl e

contai ner (10 an eat tr nsfe tes C nsul at or

Cher abor wlaHen s el tBrenre 3 dengidyn FLS A gnos ndist SRR ¢ he

bi ophar ”%EﬁHtIUGQFIG@) @biuftlctihgitoblstel WoByisPBERINISie Hbt srﬁ&%%f fledfiher, the
formation of flexiblé container 10 using two trapezoidal "portions allows

it to sut@gn@merémn}a}'chmrewmdtlo inthon 2ipwick dhag sesm 610 atteorienf sRE and t o

i nhi bit on of the e ends of fl con ai n 10, when

ot bl o el a e ol ChatedF ot BFRRIR ~Raohes T AP ATD thllirer o1 and
recei ved ﬂnadlvm}emecyio@ﬁnnéro@ﬁ@craemamal rsemﬁrmo infaytaapegediih @glddee cont ai ners
may be preferred to square or rectangular flat flexible containers having

rounded cBbsientialixinsrrendicylae ko ensipideth fcidrevallsfly This confightatien alews transfer
pl ates, %%Ebl@ﬁ%%gﬁér fq}&)rs%&ént%hgtc‘Bﬁta&%eaMS{éfér@faﬁég"@d Al? dasm%e‘“ ce such as

heat exchan er orners ma W ratio of

cont act vsalrsf@(lﬁaﬁrnemdhdem@km .on Thigsior d;lé@ﬁthdiebﬂﬁtremmseﬁrhs bheo.weesh f | exi bl e
container, 10 and .the heat tran fer Iatg nd uneven eatl ngf or cooling of
the bi oprdgpr?aeemré%mom%? eqnyaet befajegh flgxiblesomtaines iP and %Fﬁaar Fers may

result. tEI24. Sllft‘ﬁaéohfhgt Brdefifh%lé Acctir bdtEePHORPRCOREREL IFMa @t erial in

such squ re or rectangular flexible contalners my
transfer plates 40 may act as an insulator therebetween which could inhibit or delay

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

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

the biopharmaceutical matetial in such square or rectangular flexible containers may
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15 WD 2003/ 037083 PCT/ US2002/ 035137 be less efficient than flexible
container 10 due to the greater contact of flexible container 10 wth heat
transfer wbhave®3a@3 Specifically, pockets of air betweemrCa/usag2asiiiheat
transfer plates result in less efficient heat transfer since such heat
transfer is done by natural convection instead of conduction. The heat
transfer plates nust cool or heat the air which then cools or heats the
bag and bi opharmaceutical material as opposed to the heat transfer plates
di rect |y twdess efficichiethh@flexibid cohirer 00 as fabe didateabonta@ o fieRiblecont ai ned
therein. It is thus desirable for %@e bag . to be in direct contact with the
heat tr arfOREANSs|1QruEh hest Bapsiginlates iy uRracificalsaiocketapkainbetwrpn 2 hag s mor e

ef fi ci entgddhent tdrf deBest B i egk ds [ e tr, bag, and
bi ophar rraceuteiacal te?siraﬂﬁ. fh %S\rét erlé,!rﬁt %q*ag%f;?g%lﬁéenguggfhf %tgga‘lngﬁeéiscont ai ner
10 to cordapeiymatirbleonwetios dhsteskaff cofdductiber Ths habtrpistergilaes susftoebnduct i ve

heat transfer, [005Q]. In an alternat nbodj nent and as shown in FIG 4,
one or bocfrﬁ‘e?)tfthé iaﬁé’%&k} {lllgn 8‘69% i ﬂfﬁ’g%\'ge E&%%w‘@@&l%ﬁﬁy%@%@%@m e.
Speci i calgpysedd!thSh&R triRYeriatBPIERRY @ ool i i@pot her
bet ween hggt S.etransf_er i a_teergﬂ_%lo. lThe_lyrrg?/alf)glA‘?l???/Q%I%@%ﬁg?\sgfp%rgmlrf%r@gno si de
wal | s 60 mitetelsrontameadshereino it igithsrdesitatio fdy¢hacloagpo bs sredirecThentactomipt essi ng
pronotes .coptact of flexible contai,ner 10 with_ heat. transfer _pl ates 40
thiTe. | nifppeR Sy PepalerSrol e that Gasdhrvhich I BSGHGRRER 10 and
heat trahsfcate Phatesvedve RACEISIGAII DL aif YaE 40 FRARS REut@y force the

bi ophar maceutical nmaterial or other liquid in fléxible container 10 to

occupy ariyatedalss Fydheretba forastion of Haxiblercoptaines d 0 apcanfiernt tostk tdperedont ai ner

10. For . -aughE 0By i opharmaceutical material to
occupy s%ﬁr@éﬁ% or @@%ﬁggﬁl up H(Etg&éﬁ%a‘it%%%fe?aper ed sl ot shape of
interior 25. Alternatively, side walls 60 may be fixed, whereas heat

transfer es 40 may b veabl e towards or away from one anot her. Al so,
the r ec{BB%@ﬁn@&r’f‘gﬁe@@é %‘ﬁ’%elﬁé‘ngeﬁ Praygring GothePnisor §ptheotiider il land/ or
one of hegtheal &RRSIRE 20hAY BS me%b.hsgé@mg@gj \gglwﬁéa@ﬁ%% bt m¥yEdpibe under st ood

by those skilled in the art that sid mal nt al ned at

parti cul dowprkortaverysrone beg another between dnatttteasfer platts Bl The weovhbilineaf transfer
pl ates 40 _vi a_pins. .notche r ooves in. heat transfer | ates 40 or

bot t om si & 055‘905? OR%‘Q‘E W@ﬁ%%%ﬁ@%‘ﬁéﬁ@%i"ﬁ@""%ﬁ{ togs %W?ﬁse‘ﬁe transfer

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

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

move could facilitate removal of flexible container 10 received therein. For example,
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pl ates 40 may be noveably, fixedly, and/or releasably attached to each
other and/or bottomwall 50. Further, the ability of side walls 60 and/or
heat tramwbDeonojpi3aisas 40 to nove could facilitate renovaCTafS2éd2ezibt e
container 10 received therein. For exanple, 16 WO 2003/ 037083

PCT/ US2002/ 035137 by retracting walls 60 and/or plates 40 renoval of
frozen bi opharnaceutical material held in heat exchanger 20 may be
facilitated. Also, it will also be understood by those skilled in the art

that si deywetrhatingOvaRd0emdle play £0etouhithfdHozen bidphaaptadichPmafepyl de
cool i ng a}fe?/ or heat| ng to flexible container 10 via circul ation of heat

t ransf er Beldjindieat gxcl 1éftﬂeF 40 P??é(th fﬁmBFat"é‘t Hepo, Aeiisalsaglee yiderstord bbhﬂileﬁfst ood by
th k
ore of S ihhd S ddg iR BR6 Kbl 30 SHPUE SERIBIIEE Aol o) o

cont ai nercozbﬁng and/o:rhmauhgtcpﬂemmmcontaﬁieﬁb@vﬂeﬁmulab@doﬁllmwﬁans‘fafﬂlﬁaﬁﬂip| e, thus
pronotin ont act between erX| e container 10 he transfer plates
40. l\/bre%\?@?nhelrﬂﬁogﬁ fusg f‘%@l § YdepoadeRy ¢ ﬁﬁ%ec%qgﬁd thett. of flexible
f1exibl e@&ﬁ%@k@&’féfﬂg i1t BShtaRBAREEy YALS A wal I's 60
and/ or heat transfer Sﬂat es il10 mayﬁ%e for rrgrgBT?ﬁé%ﬁdnS%b g/rO?rg conductivity

mat er i al tranfisr plgesrfifinegy ese Aexible coniler 40 tcafoumthmmlsr{lﬂﬁfsh]apd\s depicted in

FIG 3, bi L ud | 200 to all
bi ophar R M R R

f1exibl e mdhead thekfet PlaBRAOL MBROVE MY BBageRELRIE wmps 60 Bt mPeh Al may
include a conduit or tube, for exanple, which may be integral to flexible

cont ai nerof flgxihle {ipwible coptginerreofcmsbansd Whencomptessedr tAlsnoidesvally 6 fitting
pl aced w r t G d i.n U S

Pat ent agtyé,@ilg%q@gé ele{)]ﬁegégé%ﬁ 1t|;eci}§1)pg %dnoﬁéjﬁfg%?}%ﬁl%h&&flﬁ%%r%or? Fré%} herei n by
r ef er encefpr esmynple stsdeksfsare]l dhdumimumect i on of such tubes. Also, fittings
which can maintain the sterility of the contents of the container or bag
may preferably be used. The fittings may be configured in different
shapes, 180541 &SdepttbRindtG. B ikdiPBToARM:P 10 ARGk Fudd dnlihd@Fof ing ninety
(90) deg[reelll]e bo?g |f][l desi red1 r(1) | et ° port 200 naatnllnclggd%%bWIter (not
shown) tcilh'ow blephaa{mycetutloqihmtenmdembecla‘sertednmmrﬂnealhteriék é&dtishewn)ooft ai ner 10 may
al so be

t he cont ébl? 801%%’13%{0“%%9@ 'eﬁé(r'p?\'gq%otﬁgr,e (éll ne n@%&%%gﬁ’ggﬁgﬁm}@and al I owi ng

conduit or tube, for example, which may be integral to flexible container 10 or which

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

of flexible container 10.

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

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

and/ or storage of flexible container 10. [0052] Moreover, although the
cont ai nerwpoeascrssbed herein as a fl exi bl e cont ai ner oPCThE®g)0210B%37

contai ner may be made of a sem-rigid material. Such material nmay be used
to construct a container which is shaped to conformto the interior of heat
17 WO 2003/ 037083 PCT/ US2002/ 035137 exchanger 20. Preferably, the

cont ai ner whether forned of a flexible or sem-rigid material, includes

surfaces ¢agh&dre20t Peferhbl§, thotatithider WHEhSMBIES of MBable ¥ ShANGsH 20 so that
there is direct contact between the cooled (or heated in a thaw ng process)

sur f aces witehgainchidensmbrses pbichrantapictho interior surfaces o a beatieehangent 20 ner
con o T B AO RSELEah TR ALy 0052 LRl et o

mat eri al 1 roze nper at ur e
ot her w sesurfagsl cdthest cdxdhdrdgex2Mhugd et B@factof the doiigiipLEditAh@dgcont r ol
unit, such as heat .exchanger 20, flexible container 10 nmay be renoved

t her ef r orf! mb@&@%‘ém%e%al?-reezer for storage or the bi opharnmaceuti cal
material may be renmoved fromflexible container 10 and utilized. [0054] In
a further enbodi nent of the present invention, a heat exchanger 400 may

i ncl ude [@0pHB]A fidrithy biobharamebwticahmiatetial is Gfozgofetd. O Seddid el DET @arioing a
plurality of flexible container 10 adapted to cagntain biopharnaceuti cal
mat eri al ,orats teEpsTeE O theWiss tegulgtedpn Egxiblecontaingg 10 fr a fsmapergigierGoiol 10 may
i ncl ude | f } Lhl e

cont ai ne ?m% %ﬁ%gglxaet% ﬁg% e?ﬁ%g%)ewg%% gonrtrég&i lr? gﬁ%@%@% E}%ﬁ%éfogé h‘g at

t ransf er pPhaties a fietzdr dor stegpé at thedicphbmmpentatalimatenil kg be Idreovednt ai ner 10

and therefore the contents thereof. Heat exchanger 400 is coupled to a
t enper at Lﬁ‘?&nﬁe@&fﬁ%’tnitadﬁerﬁﬁatngﬂ Zedr regul ating tenperatures of plates 460
wherein tenperature regulating unit 440 is controlled by a controller 450,

programmabl e by a user. [0055] A typical process of preserving

bi ophar 0841 lnedirthereambagimens of dhacpressatingentionot heatsxchanger 400 may

bi ophar ma i Lal. ks inserted th h port 200 into flexible

cont ai nerlﬁ@g&e %E f(]aJ>I<a|l %gf{%ﬁ Val lgre?]fﬁ%?lglo%éﬁyﬁﬁ5%%%%??ilﬂlt a'hr%gf exchanger
20, as sHhiwaible conthih&S10 ddapted t4 candinShiopfaenscctifienl bhaghar ssaepidtddgal contents

are cooled and frozen . . . . . .
FIG. 6. Each receiving interior portion 410 may include a plurality of moveable walls
430 for compressing flexible container 10. Heat exchanger 400 also may include one
or more heat transfer plates 460 for regulating a temperature of flexible container 10
and therefore the contents thereof. Heat exchanger 400 is coupled to a temperature
regulating unit 440 for regulating temperatures of plates 460 wherein temperature

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

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

heat exchanger 20 before the biopharmaceutical material is inserted into flexible
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(e.g., at a sub-zero tenperature) in a controlled manner such that the
freeze rate is controlled within upper and lower |imts, as described in
U. S. Pat ewD 20gspi3rasat i on 09/ 905, 488 for exanple, to prePemtUusee02i08318Di t
cryoconcentration of the biopharmaceutical material, thereby preventing
undesi rabl e degradation of the biopharmaceutical material. Alternatively,
fl exi ble container 10 may be inserted into heat exchanger 20 before the
bi opharnmaceutical material is inserted into flexible 18 WD 2003/ 037083

PCT/ US20Q:2hfddfel 30. Adtntiai tiefhat@aceffit matdiial bi HphiblerBaitet cals fakgrial in
flexible container, 10 is frozen, flexible container 10 may be renoved from

heat excHirgds comaingyl Hmay be rempoved figiybeat prehangsr 20rand placsdn elarge wal k- i n

freezer kf?e\é.ké}gfo?%xbxfl R b Qandld frée‘%@iﬁﬁ%ﬂ%ﬁ%em@ﬁog?i)%&n&)&%ﬁgﬁtc}f \éﬁ?u?cOEC or

lower, as is typicalty present in pharitaceuti c ction plants or

| ar ge mediegativel 2080 dilbiven s (Stygicallypemint & pharmateitivalgRéd@icias plahisaal

material may be, rempved fromthe wal k-in freezer and inserted in a

t enper at Upige s¥dicabimstifiitions (g nhoggitalpe dihe biopharprseutien]l magerigbmerdged, when it
is desir L r; : i i terial.
1t wi) Eemp et b B Al to e DB o ARRSE oyl ABERLATATHY G4 o6

nmodi f i cathieatnesxchangeb20,rtade thawddhevhepadd ddstedicamtlize or Aeter ploedsshiee ei N and t he

A AR S R NI T
that the dhiexddiSatiRs iy R Hadias fid Hednb etahMes@s Rt Alagham igr use in

vessel s, containers, tenperature control units, and/or heat exchangers of
vari ous sieppder perfoginimgsthe Brthasiianpiessrving ¢hef hieptidnmeceutionltmitadals coul d be
formed in triangular, conical, cylindrical, pyram dal frustumor coni cal
frustum shapes. Further, the tenperature control units, e.g., heat

exchangqo058AlsEY wilkbé ahdestod Dot akilled &f fheartBittth@fiexible codkinetls shapes
whi ch may be _adapted to receive containers or flexible containers of

vari ous slkspibsdberein may begdapied faswpeingtessels, eoaingts, wapeRtye cofrdlous t ypes
be utjli ' ition .t . bl ast
e ot ng B AR AR IS TR R BT O

freezing units m ontr era e of the
cont ent s owhtaideex¢dull@be Cortred e triangulal) casicdl]l eplindliealc pyrtudidad frudtGm or

Addi tional ly, cryogenic flui y be sprayed op f.lexible container 10 for

ool | ng GomCAE AP PGn SE B Bd5PReRHES CHoT GRS P CHEPEDT

Mor eover oo BBy bheTREh& tifave interior portions of various shapes which may be adapted
to receive containers or flexible containers of various shapes or sizes. Also,
temperature control units of various types may be utilized in addition to heat
exchanger 20. For example, blast freezing units might also be utilized to control the
temperature of the contents of flexible containers such as flexible container 10.
Additionally, cryogenic fluid may be sprayed on flexible container 10 for cooling or
warm fluid may be sprayed thereon for heating thereof. Moreover, the temperature
control units may be of various shapes or sizes to accommodate containers or flexible
containers of various shapes or sizes. The temperature control unit could also be
adapted to heat and/or cool interior portions thereof to various temperatures. Also,
the temperature control units could include any number of movable walls to compress
flexible containers held therein. Furthermore, these flexible containers, containers,
temperature control units, blast freezing units, and/or heat exchangers may be adapted

for utilization with materials other than biopharmaceutical materials.
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control units may be of various shapes or sizes to accommobdate containers
or flexible containers of various shapes or sizes. The tenperature control
uni t coulwoaben3bs3 adapted to heat and/ or cool i nteriorPcCparseéoanssiher eof
to various tenperatures. Also, the tenperature control units could include
any nunber of novable walls to conpress flexible containers held therein.
Furthernore, these flexible containers, containers, tenperature control
units, blast freezing units, and/ or heat exchangers may be adapted for
util }zat[ooa7]lﬁdr?1efmmmm}gi premﬂe&rembb@;mehtsd@ﬁaba@p@pl Ldt&ﬁéhndrﬂi:tsc?ﬂfﬂedhg 19 WO
2003/ 037083 . PCT/ US2002/ 035137 Q057]. .Further, althou preferre

enbodi merfletaibhgreingit #all e gppare t%lﬁﬂsqﬁ%ﬂ indhe ml\eV&@ft%ﬁ ThEF®UR, it will be
appar ent 4,uibaxs i, Wlsilifodsehe W ikAlah tolilac\@ftdtsepaial 1 cati ons,
addi tions, stitutions a e can out &) ing from
the spir |ftom1thet dpérit crﬁ/chelinvemtuamhdtthme ereﬂherefdrecenisndeeecbmr’czel widnethet 0 be within
the scope %Qé$? inventio d 1% %ﬁg i.n t e followng clains. 20 WO
2003/ 03708%P ?Jgﬁ’ﬁﬁté?lbé% Hed g QP Ay owing & ag%tem for freezing, thaw ng,
and storing a biopharnmaceutical material, said systemconprising: a

fl exi bl e contai ner adapted to receive biopharnaceutical material therein
for freezing, thawing, and storing said container conprising a first
substantially trapezoidal portion attached to a second substantially
trapezoi dal portion. 2. The systemof claim1 further conprising a
tenperature control unit, and wherein said container is configured to
conformto a shape of an interior of said tenperature control unit in
response to said container being substantially filled with the

bi opharmaceutical material. 3. The systemof claim2 wherein said first
portion and said second portion are connected to each other at a seam and
wherein said container is adapted to be longitudinally received in said
tenperature control unit to cause said seamto be located in a plane
substantially perpendicular to at |east one lateral wall of said
tenperature
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control unit. 4. The systemof claim1l wherein a first angle of a |lateral
side of said container relative to an indicator |ine substantially

per pendi cabavoy7@3bot t om si de of said contai ner conpriPSEAISA002I0BHB7

di rension and a second angle of a wall of a tenperature control unit
relative to a bottomof said tenperature control unit conprises a second
di mensi on, and wherein said first dinension is substantially conplinentary
to said second dinmension. 5. The systemof claim4 wherein a third angle
of a sequagnd:ateral side of said container relative to a second indicator
| i ne substantially parallel to said indicator |ine conprises a third

di nensi on and wherein said third dinension is substantially equi valent to

d f di h f
Caim 4 wher 1 n seavi O ke RO AR HRE AR b G < cont ol uni

conpr i sesatarislesaidh dystérh komppisiag:t e said first wall, a plurality of heat
transfer surfﬁcejg athird wall, and afourth vvaII and wherein said third
wal | and saf I ¢amiaipgriadapied FapRivg IPBh%\?‘éeqt’éP]d’{lﬁt?’éalttberé@cfﬁr other to

conpr es ance
bet ween%fs(%lgf cgl%?&@ﬁgﬁ 4 gtttr?gn%al d§ﬁ}t%?lgﬁdc 3 }S?H grldﬁfégt{ rS {aaﬁg%ié; tr{pe% @ges :
The systpeni@f attichedrola smemcbsuhsmmallydmptamlddrpomorﬁdapt ed to conprise a

prismatic shape in response to being substantially filled with the
bi opharmaceutical material and being received in an interior of a

tenperature controthddysem & clabiel R¥HELBMristhPd Bimbefdtikt REAAWRY | %‘ﬁi ng @

tenperature control unit adapted to receive said container, sal
tenperatvmeeem@mdroontamﬂrus wﬁgmeéltmq)rsfomtdashaphefemmt@mr@f{saldst portion and

said se t|o re.. connecte h ot.her at a s erein said
val | co&rigar rg EA q%’iggg' O R B5Y go Sé?‘%/cé Apef ReEIE S Bta’&tfq?@%lgeg th 8¢ ai ner
to substbmﬁhaﬁhhdeuﬁ@ﬂflﬁgﬁamglp a shape of an interior of said tenperature

control unit. 9. The systemof claim1l wherein said container conprises a
sterile bag adapted to contain the biopharnmaceutical nmaterial and wherein

said bag is adaptefd fstem of claim 2 wherein said first portion and said second portion
are connected to each other at a seam and wherein said container is adapted to be
longitudinally received in said temperature control unit to cause said seam to be located
ina plane substantially perpendicular to at least one lateral wall of said temperature

control unit,

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

said second dimension.

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

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

cont ai n twe 20ép/pisar maceuti cal material at | east one of poegfusee@?2/08i187 ng, and
after a freezing of the biopharnmaceutical material, when the

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

bi opharnmaceutical naterial at |east one of before, during, and after a
thawi ng of the biTHgseRcEdiGa wigeR dail walhenfikhRalbhap&ad maceut i cal
material is received in said, container. 22 W 2003/037083 )

PCT/ US2¢eppgratuaqontpp unit gempgjses agpesdavall epppsitesaihrst weHps plraligy af

t enpera I i e i i | he apted to
controf AR LA 4o B IRNEhd P FRRINE AR RLLA AR BIRRE

bi ophar saidefotifth atallrand adapsdd to snovenélaiived each sthietho conpiadt B4t cofitaidr tont er i or
of said tenperature control, unit. 13. The system.of claim 12 further
conpr i siCAECSALIABRITLP IHhhit AEN betyeenssaidiconisipst ead spid RbBREY S uni t
wher ei ngad itheRRkh@hdesr is controllable by a user. 14. A systemfor
freezing, thaw ng, and storing biopharmaceutical materials conprising: a
fl exi bl e contai ner adapted to receive a biopharnmaceutical material therein
for freezin t hawi n an torin sai d, cont.ai ner, bei forned of a first
substantial |y fl aﬂessg@tg ogf‘:?alﬂpelxwg‘?rgmngé{de“rqnéqlnﬁréﬁ arf]élﬂteflggé?lﬂwseo%/ a seam
with a geeeatc shdpstiashaseYo béias sutsheghllpfilbd &xthhEbibphLmbaduticslo as to lie
substantially flat when enmpty, said container fully ‘enclosing an interior
por t i on bpaserial aad beinggeedivednn e Huetierd atierop¢raieg eantrgl unisaj d cont ai ner bei ng
configured to forma three dinensional shape when filled wth the

bi ophar maceutical material, said three dinensional shape having a first
side and a secondlls Weteopfeiime fubtef ¢onspristigletempemaird dodtral@nftect ed to

said fl egi bl e container, the outside of said container, _being_in fluid
conmuni A4ERtEH IAFCCH VS §3d CPRpBRY S31d SernpsTaire sontrobynit cusmRyisng a WAl a

te rrpezJ Al efeifi ARt piMidn SRMRI REO Forlibh He SHAIAGG0 3% SnSEAQWar U F aCE

facin

and wherein said wall comprises a depression to receive said seam to allow said
container to substantially conform to a shape of an interior of said temperature control

unit.

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

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

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

container.

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

container.
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said first surface, wherein at |east one of said first surface and second
surface conprises a heat transfer surface, said tenperature control unit
conf i gur ewot200ysc@Bve said flexi ble container therein, paitarseén/ o3asd
contai ner conforns to the shape of said interior of said tenperature
control unit, when said container is filled with the biopharnaceuti cal
material, and said first side and said second side of said container
contact said first surface and said second surface of said tenperature
control unit.1215. ThesystRlctimllr Rehen@mprivaid A @mparachrs boxtid gini

bi opharmaceutical . material, said systemconprising: a flexible container
adapt ed adapted tuiegeive s Rentakend adapteddq eonitel 2 temencgaturerafithe f r eezi ng,

t hawi ng,, hape of an
23 v S5SHHTIE PR 6P Yo AR BHER ek R oD o

uni t, i ronespons® intker®abflsad tangpenanrelventigl wiibst antially filled with the

bi ophar maceutical material; and wherein said tenperature control unit
conprises at |east one heat transfer surface and at | east one novabl e wall
adapted to compr eSmeSPemIR ANNS! fultBer ddRigising@ coﬁlr@ﬁér%ﬂﬁ@oxﬁ%ﬁlﬂfge” sai d
container and said at | east one heat transfer surface. . The system of

cl ai m 15aigtempénatusarentiod nni mereit spip eorgeadlenisfconisellabby by @nserat tached to a
second portion and wherein said first portion and said second portion
conprise at | east one of substantially trapezoidal portions, substantially
triangul ar poarti oRSystah st fesbing| hywiRs hedh guliad bipphdrimabsuticalubsteaski al |y
paral | el epi pedic portions, substantially elliptic portions, substantially
sem ci r CQPWEISPEi ti ons and substantially parabolic portions. 17. The system
of claim 15 "%‘Eéﬁﬁl@ c hﬂglc&fﬁgféd'?§Eeéeﬁ/e%q)ggﬁhgﬂnﬁc%uﬁ I a@énal h%?eiﬁ ggne of a
prismatic shape, ric , an coni ca I'n response to

sai d coﬁhﬁem@ymgwhg maiﬂoﬂm&beﬂ&bnmn&rhmngﬁhﬁw@@fhihﬁ&ubﬁhﬂmﬁyfhen1of claim

15 wherein said tenperature control unit is _ adapted tea
tenperatshf:% O%ﬂeﬁvie BREPAAPIREE SEEERPY AgeER VA wifh 3 e dﬁﬁ% %@3 Wdtdtaceut i cal
mat eri algpb§ o??l@h%!&ﬁﬁ’tehﬁl §@ésdtoqf%%ﬁét%fall'yrﬂa§%gn érﬂfigfr LR c@ﬁtalﬁ@f &l

tenperature control wunit: . The system of claim further corrplyl sing a
cont r ol leaclofing aoonteriad partign for recelvmg the biopharmaceutical material;

said container being configured to form a three dimensional shape when filled
with the biopharmaceutical material, said three dimensional shape having a first side
and a second side opposite the first side;

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

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

surface and said second surface of said temperature control unit.

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

freezing, thawing, and storing said container configured to conform to a shape of an

23



said tenperature control unit wherein said controller is controllable by a
user. 20. A systemfor freezing, thaw ng, and storing a biopharnmaceuti cal
mat er i al ,weane/syssem conpri sing: a contai ner adapt ed t ®CTAIS2002035137

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

bi opharnmaceutical nmaterial; and wherein said container conprises a first
porti gn 1atehaﬁhﬂiteh1peﬁmae@:0mtfiolpmﬁtt irﬂﬂspo?ﬁk?tlo%aidCbogtaﬁm bﬁmlg][shbﬂarﬁﬁﬁys ai d

secon rtion nprise at | east one o at substantially 24 WO

2003/ 037"3l ﬁ’@%ﬂ%ﬂ@‘?ﬁ I matetpbA80dal portions, flat substantially

triangul ar p%ﬁér&ﬁ%fudft&ﬁ? S LG Bk Xorﬁﬁ?steé'agté &one HQétttﬁa‘ﬂEEf | f1at

substantial 'y paralleleplpedic portions, stant al iptic
por t i onssurfaemahd 4t dastserteshavebleawhly aqlqut@holcpmpmss Bald) nentaidér toAn}mbttrmod for

freezing, thawn and .storing a, bi. ar nace material, the nmethod
conpr 1 o g rasef Ay FoRpire af BT B hea Fnse Bt dal portion to a
second flat substantially trapezoidal portion to forma contai ner adapted

to contain the biopharmaceutical nmaterial and adapted to conformto a
shape of an iMteriThe witem oficdsipelavbereinsoidtqostaingn compdses aifist pastioiod of

claim Zjattfaglgedhtg c?o%r Io 1 doxgﬁér&ﬂ%ald%s 0%&1 % rsa dse %{;'%d Por{hg%l ;)r aOf the

t enperattre COI’I'[I’O and conpressi ng al ner

cl ear anc@niigiseacasdt bee 6Dmbatan&ai11;ambeabldhlqﬁﬁﬂior@n@bb@aﬁaltyt@@ﬁ@ﬂﬁr surface of
the tenperature control unit. The nmet hod of claim22 further

conpr i sikpytiensysybsigntialy r@gﬁquylﬁreporp@ns pestantial bﬂ?@éﬁlﬁﬁlmp%h%@ﬂays t he

conpr essy hﬂgﬁ : ing the
conpr es?.“ﬁg‘ lhy Jgﬁ 1°g"% egfé)ts ﬁl&ﬁ%lw S%ﬁléllcy)&?ﬁ#ﬁéﬂt&ggg%# %%H&%gﬁglg}?\t rol unit.
25. The pxmtmlldpoftmnkal m 21 further conprising at | east one of freezing and
t hawi ng t he bi opharnaceutical nmaterial in the container in the interior of
t he

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

said compressing by said at least one movable wall.

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

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

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

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

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

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

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

and said first portion and said second portion comprise at least one of flat substantially
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tenperature control unit. 26. A nethod for freezing, thawi ng, and storing a
bi ophar maceutical material, the nmethod conprising: providing a container
adapt ed twocoe@7083t he bi ophar maceutical material for Pceaseeg3adapti ng
the container to conformto a shape of an interior of a tenperature

control unit; and 25 WO 2003/037083 PCT/ US2002/ 035137 conpressing the
cont ai ner, when the container is received in the interior of the
tenperature control unit, to inhibit a clearance between the contai ner and

at Ieasttra@eﬁ)idam?aﬂidn@mfsabstaurangtmﬁlat pertioasfR aibstatiedniscRhgulat t . 27.
The nethod of claim 26 further conErising at | east one of freezing and

t hawi ng RoHéons; Btiabstertialiyinatal lelpinsicatortians: fias subviandieH ellinticpReionst er i or  of
t he t enpatat Hfbgtaﬁﬁ@wﬁérafmic;porg&s. The nethod of claim 26 further

conpri sing causi ng e conpressing by noving at |east one wall of the
tenperature control unit. 29. A nethod for freezing, thawi ng, and storing a
bi ophar naceutj_cal

materjal .. the nethod c rjising: .joinin first
substanti al | ¥l atAgﬁél%‘idfgffrFF%’%g’gll%é{Vlﬂ&taé‘ iS nnﬁfqgoléd?érﬁ?% lﬁ'ﬁa second
subst ant}, gLk, thh AletBQe&ImMsidd:€xi bl e material to forma flexible container
adapted to receive a biopharnmaceutical material therein for freezing,

t hawi ng, and cetmgciing a firal flat sebstansialintrapezoidat poriion tpastcond flof sai d cont ai ner

for receiving. t.h bi ophar maceutd cal t.eri t he .j.oi.ning of the first
subst anciLitg iy Gergi i HorRE g i e coREE Raptait AShB B Cong

subst antiigdHaymidetics heféri@fand h@iptdd 18 cbRfoeitahishdperdfiafGn@Bribhéfee di nensi onal
shape with the container by filling the container wth the

bi ophar rfeepereiueatontesd 8pital wherein the three di mensional shape has a first
side and a second side opposite the first side; connecting a conduit to the
fl exi bl e contai ner wherein the outside of the container is in fluid
comuni cat i ore2w t hhehaethod ef tlaim PO firthencothpridingloeatichthe coaater in an

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

control unit.

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

form a prismatic shape by the compressing.

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

moving at least one wall of the temperature control unit.

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

temperature control unit.

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

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

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

control unit; and

25



receiving the container in a tenperature control unit having a first
surface and a second surface facing the first surface, conform ng the shape
of the cowDawes37488 an interior of the tenperature contcalusas2to3siand
contacting the first surface and the second surface of the tenperature
control unit with the first side and the second side of the container,
wherein at | east one of the first surface and the second surface conprises
a heat transfer surface. 26

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

heat transfer surface of the temperature control unit.

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

temperature control unit.

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

moving at least one wall of the temperature control unit.

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

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

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

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

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

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

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

heat transfer surface.
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