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[0003] Preservation of biopharmaceutical materials, such as cryopreservation, is important
in the manufacture, use, transport, storage and sale of such materials. For example,
biopharmaceutical materials are often preserved by freezing between processing steps
and during storage. Similarly, biopharmaceutical materials are often frozen and thawed
as part of the development process to enhance the quality or to simplify the development

process.

[0004] When freezing biopharmaceutical materials, the overall quality, and in particular
pharmaceutical activity, of the biopharmaceutical materials is desirably preserved,

without substantial degradation of the biopharmaceutical materials.
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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.
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[0011] Currently, in some aspects, mixing of bulk biopharmaceutical materials involves
transferring the product out of a container comprising the biopharmaceutical materials
into a tank with a mechanical agitator, mixing and transferring the material back to the
container. During those operations the containment may be broken and the product
sterility and purity compromised. The homogeneous product may separate again after

transfer back to its original container. Multiple transfers may expose product to
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J0015] The present invention provides, in a third aspect, a system for freezing, thawing, or
mixing a biopharmaceutical material, particularly in bulk quantities, which includes a
cavity for receiving a container for holding the biopharmaceutical material. Further

_included is a driver for moving the container in the cavity and means for controlling the

temperature of the cavity to control the temperature of the biopharmaceutical material.
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[0023] FIG. 6 is a perspective view of the flexible container of FIG. 4 received in the
frame of FIG. 5;

[0024] FIG. 7 is a perspective view of a portion of FIG. 1 depicting an alignment of a
support member of the temperature control unit and support rails of the transportation

cart;

[0025] FIG. 8 is another example of a transportation cart having aligning tabs;
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[0035] FIG. 18 is a rear cross-sectional view of the temperature control unit of FIG. 16;

J0036] FIG. 19 is a top cross-sectional view of the temperature control unit of FIG. 16;

f0037] FIG. 20 is a side cross-sectional view of another embodiment of a temperature

control unit in accordance with the present invention;
[0038] FIG. 21 is a front cross-sectional view of the temperature control unit of FIG. 20,
[0039] FIG. 22 is a rear cross-sectional view of the temperature control until of FIG. 20;

[0040] FIG. 23 is a top cross-sectional view of the temperature control unit of FIG. 20;

and
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[0045] In one embodiment, temperature control unit 20 includes a heat exchanger having
one or more heat transfer or conduction plates for heating and/or cooling flexible
container 10 and biopharmaceutical materials contained therein, as best depicted in
FIG. 2 which illustrates a front cross-sectional view of one of slots 25 of interior 26. For
example, temperature control unit 20 may include heat transfer plates 28 for contacting
flexible container 10 to cool or heat the contents thereof. One or more of plates 28 could
have heat transfer fluids circulating therethrough, such as water, oil, glycol, silicone

fluid, hot air, cold air, alcohol, freons, freezing salty brines, liquid nitrogen or other heat



flexible container 10 to cool or heat the contents
thereof. One or nore of plates 28 could have heat
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[0048] Further examples of temperature sensors and control of biopharmaceutical
materials held in temperature control units are fully described in co-owned U.S.
application No. 10/188,639 filed July 15, 2002 and entitled Cryopreservation System

with Controlled Dendritic Freezing Front Velocity which is a continuation-in-part of



transfer fluid. [0048] Further exanples of tenperature
sensors and control of biopharmaceutical materials
whedod/ 027133t enperature control units are fully JdeRCTUS1E#029727
in co-owned U S. applicati®on No. 10/188,639 filed
July 15, 2002 and entitled Cryopreservati on System
WSt Pat&gHubel 6459888 GWhidhGs Ft&R 7G0! el .@Qge{té‘nt application
which is a continuation-in-part of W 2004/ 027331
RaheUSY8631 20, 3ioantirgties) of whivditaem incnrpotased Igreis dyaefsrence.
which is a continuation-in-part of U S. patent
ol cat ] . . : '

L0 e RS b oo & e borfing iy of lexible

cahtiner dO.ewlen fhaxible obntpinet Hkis 28 ermeed e frame d lohé fitamedlSl ipveceived

.CO ssi on. of. _f l.exi bl t ai ner, 10 | exihl

1§ S 5F REitaHist g of Bbepu Rb o i 2k s e 168, Fo. Purther
PReE2Y 8sh1d b8 statiGary AndfemipBiafirk 06ntef uaft 20 @EIEHELEE 6ne or more
control unit 20, as depicted in FIGS. 2-3. Further,
nongemperaBire enitewllod moveatloplatey, wndceseppealln (@peshewm) perifigured to
o o) s%?llex e J:orﬁ?alli%qel 0fterPHleBiE Sontaids i(? g?fﬁ%%gﬁf are received in
8u [?0 e novea ?e D ales, surrtaces, or walls not

sER0SN In a6 Etample GutlononcrRipeasise tostxdlled en®ableglatey maP compress
when fl exible container 10 and frame 15 are received .
3 Gpntaineswinl the ppnggiperds eopiedby Rlast{resaing: @asst arqgngof controlling

a&ﬁ%ﬁkéﬁ%@ dr iR\t BRafmePRh&R cﬁ@%c%hﬁ@%sfe? G RERGA, e.g., via

e contalner I's coo ezl ng, or
ohhativeeasiingofAlcamdtivelyl platps 28 maynquatral the ¢engferatine of the container

a?laglitlagﬂi,\l,?nete 1{19%&)&%&?)}1%}%0 tsa%%;@giqrﬁg tcg%{?far}%%%l?urre gcl)r%o(ﬁsed movable

At BFdey &riwalR! at es 28 may control the tenperature
of the container and may be novabl e along with such

S ETIRAE b Sy, S,
JrQayR a R may gﬁ’@ AahRHof vdWRinsthg méh WAAS1 B 1REA! Rk %ié{nple.

of Jlayers and nay have an interior volume ranging from
urther, flexibl@eontiiner1d, cofilskbeawailgilein a Fariethel sizef ffeg¢domenodate

taj ner 10 could vai le i. i et A
R ER bR Sl o B Ry B ol BinsTintagie TR Aisoa
biednpaltibR prodexicbhiBeta@hyr BEfie iNRYobe Abxible é@daindl KOomay be
bi oconpati bl e product-contacting |ayer of the interior

formed efxa lomedensity nelyethylene. vty low depgiphpalyeshylang eshylene vinyl
' ] i |
BB h oA S ARSI YRR

acet co
Mﬂaajiil ® () éibylemﬁ h)lsdlyivhwlidéﬁleﬂubﬂ&r pgkylupqnhianpyok éneroethylenepropylene,
oly or get hyl ene, pol yyi nyl | denef | uor | de,
1BEF XA A 6RY FRisS wmrlmréﬁ FomgY alte be Forgred of afrpl .
G A MR oo s AL D EROIPRiAS oF  PRvIeht Pl
aefats gopol yoeer o Fugtheretlénible wentaingy 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 surface area to volume ratio, and
a relatively thin wall thus promoting heat transfer therethrough when received in
temperature control unit 20. One example of materials useful for formulation of flexible
container 10 is described in U.S. Patent No. 5,988,422 to Vallot, the entire subject matter

of which is hereby incorporated herein by reference. Also, flexible container 10 may be
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[0053] Further, flexible container 10 may include a horizontally extending flange or rod

.\.

(not shown) projecting from a top side 11 of flexible container 10. The horizontally
extending flange may be configured to be received in channel 200 and may be
substantially perpendicular to flange 100. The horizontally 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.



may not be noved laterally or in directions other than
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portlon of container 10. Drainage conduit 121 may include a clamp 122 or a valve (not

shown) to allow the selective drainage of container 10. Drainage conduit 121 may
further be formed of any of various lengths to allow efficient drainage of container 10.
In one example, drainage conduit 121 may be of a length such that it may be received in
a conduit receiving groove 255 of frame 15. More specifically, conduit 121 may be of a
length allowing it to be extended from the bottom of container 10 to a side of

container 10, to the top of frame 15 in groove 255, and back to a bottom of frame 15 in



connectable to a receiving port (not shown) thereof.
For exanple, conduit 120 could be connected to a
WO e@eioYi3ay port using a fitting placed within POEUSI®029727
port. Fittings such as thd2e described in U S. Patent
No. 6, 186,932, may be used for the connection of such
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[0058] Frame 15 may further include upwardly extending sides 260, a bottom 270 and a
top 280 to protect and support flexible container 10. Also, top 280 may include one or
more handles 285, as best depicted in FIGS. 5 and 6. Frame 15 may preferably be
formed of materials which remain stable and retain their structural properties.

Specifically, such materials should retain their load-bearing capacity and exhibit glass



additional rigidity and support to flexible container
10, thus facilitating handling, storage, and/or
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first opening 210 and a sdd&ond opening 211 (FIGS. 2-3
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ﬂexible container 10 having the biopharmaceutical material frozen therein may be

confined within an envelope or thickness defined by frame 15. By compressing flexible
container 10 in frame 15, a substantially rectangular cross-sectional profile is created of
flexible container 10 having the biopharmaceutical material therein. Such a cross-

sectional profile promotes contact between flexible container 10 and heat transfer plates
28 as depicted in FIG. 3. 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.
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[0083]USTERHERERbBrMNInitA M Rh iR B atiO c4rP290 may be located adjacent
bi opharmaceutical material contained in flexible

ome pnethersyuch that Armerldanayled ghid afhspport member 122 into channel 297 of

transportation cart 290. Also, cart channel 297 may include one or more channel
supports or support rails 292 for supporting frame 15 in cart channel 297. In one
example, a height of a top of support member 122 (e.g., frame support rails 121) may be
at a same height as a top of support rail 292 to facilitate movement therebetween. In a

different example, a bottom of frame 15, when attached to support member 122, may be
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received in respective recesses to align the temperature control unit and cart.

J0065] In an example not depicted, cart 290 may have insulated walls (not shown) 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 or support rails (not shown) adapted to receive frames 15. Such rails or
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;%ﬂih‘ll’y&ﬁiﬁ&ilsd?ﬁﬂ&d-dﬁ& ﬁﬂ;&b&%ﬁ@)ﬁsmg a blopharmaceutlcal solution against
walls of a container which may contact heat transfer surfaces, such as plates 28. This
movement may be generated such that a liquid is moving against the walls and a solid in
the liquid is moving against the liquid and against the walls. The patterns of liquid and
solid movement may or may not be similar (the floating solid mass dynamics inside the
vessel may or may not be similar to the liquid mass dynamics). Therefore, movement

parameters, such as stroke and frequency, may change after the solid part is completely
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[0070] As described above, movement, e.g., oscillation or reciprocation, of temperature

control unit 20 may be utilized to promote thawing and mixing of biopharmaceutical
material held in container 10. Such oscillatory motion may be harmonic or disharmonic.
Further, such motion may be micromotion (i.e., small amplitude and high frequency) or
macromotion (i.e., large amplitude and low frequency), as described in co-owned U.S.
Patent Application serial no. 09/579,846. Further, a combination of micromotion and

macromotion could be utilized. Such motion may accelerate thawing as compared to
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may cause cross linking member 440 to move toward a right side 450 of temperature

control unit 400. Cross-linking member 440 may also be connected to a second driven
shaft 470 via a second driven shaft member 426. A third pivoting member 460 may be
connected to second driven shaft 470 and second plate 427. Thus, movement of cross-
linking member 440 toward right side 450 may cause movement of second driven shaft

470 causing rotation of third pivoting member 460 and thus second plate 427 toward
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biopharmaceutical material caused by the movement of flexible container 10 supported

by frame 15 in receiving frame 401. Interior 415 may also include a removable pan 551
to collect any spillage of biopharmaceutical materials or other materials which may occur
inside interior 415. Alternatively, pan 551 may not be removable and it may include a

valve to allow selective release of materials collected therein.

[0074] Also, it will be understood by those skilled in the art that the movement (e.g.,

reciprocation) of receiving frame 401 in interior 415 may be caused by any means for



menber 435 may be connected to shaft 420 whereby a
rotati on of shaft 420 due to a contraction of piston
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proj ecting connecting ngnbe,r s 530 fonnect ed to ai | ower
control unit, as previously descrlb herein, thermally coupled to the chiller
Temperatures determined by the sensors and/or controllers may be processed by a
computing unit to control the temperature of the heat transfer fluid provided by the
chiller to the temperature control unit. Further, each of slots 417 may be moveable on
multiple receiving frames 401 to allow the agitation of biopharmaceutical material held
in flexible container 10 held in each of slots 417. Transportation cart 290 may be located

adjacent temperature control unit 413 for transferring frame 15 into one or more of

slots 417.



pl atform 540, as depicted in FIGS. 11 and 12.
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fI eX| | e container therein wthout the tenperature

riygas $1 angdright alatesuppert &rapsi 898 inennageted to right heat transfer plates
827. Frames 15 are received on a support frame 803. Left linear actuators or pistons 810

are mounted to a side wall 815 of temperature control unit 800. Pistons 810 may extend
to force left plates 826 toward right plates 827 by applying force to extend left plate
support frame 801 or pistons 810 may contract to move left plates 826 away from right
plates 827 by retracting left plate support frame 801. Right pistons 820 may be mounted
to a right wall 825 of temperature control unit 800. Right plates 827 may be moved
toward left plates 826 by an extension of pistons 820 applying a force to right plate



[0075] FIG 14 depicts tenperature control unit 400
coupled to a tenperature regulator or chiller 411
waeomitiogssed to provide heat transfer fluid to PCRHUS®03/029727
428 (FIGS. 10-13) to cont2dl the tenperature of
bi ophar maceutical material held in flexible container
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AR A AL 4EEbEAN b Ywried .S Aaterit ApplicARneS. 1015 4{038 FRedlén
into one or nore of slots 417. ﬁg 2004/ 027331 )
Seotenbep 223002 9 titled iSyspomaind Mgthed fos Fresxgingsing Stiring
. r . .9l unit 600 configured to receive
}%gggﬁﬁﬁé%hggﬁgg%%éf 10 supported by frame 15 is

depicted in FIGS. 16-19. Frane 15 may be received on
[0079]r dlédiovighthefaoatainegDareidascaibed hereini asrflegitde edntainers, the containers

t enperat ure control upit. 600. at . transfer .pl ates 628 . . .
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h8HRa hadyUeRiits $Hape Aal/oBgaid it itdebtvitidn@impte kel when filled with a
flexi ble container 10. Heat transfer fluids may be
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b%lt\nsf’ée%n[ﬁe 90%§ed1@¥g.,qg a subzero temperature) or heated interior surfaces of the

temperature control unit and the outer surfaces of the container containing
biophaﬁnaceutical materials. Alternatively, the outer surfaces of the containers for
holding the biopharmaceutical materials may be in contact with air flow in an interior
(e.g., interior 25) of the temperature control unit 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.



extended toward flexible container 10 when it is
desired to conpress and/or freeze the
wher@plamsaceuti cal material held in flexible char/asIwes029727
10. Accordingly, pistons 6@% may be contracted to
allow frame 15 to be inserted on receiving frame 601
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cootainst 10 Bxenergkample, figmgtld masilpdidiiram feaspeuatier cart 290 to scale
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o%%ﬁﬁ)?vé} ]lfog g%({r}l@)ébs%lcﬁ At ﬁlteqﬂre%%er ra eo(iﬁcqacﬁné ﬁl%pd%glgrtitlijcr feeze 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,

cryoconcentration of the biopharmaceutical material is prevented or inhibited, thereby
preventing undesirable degradation of the biopharmaceutical material. After the
biopharmaceutical material in flexible container 10 is frozen, frame 15 and flexible
container 10 may be removed from support member 122 of temperature control unit 20

and placed on support rails 292 of cart 290 for transport to a large freezer, for example, a
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[0084] From the above description, it will be understood to one skilled in the art that the
flexible containers described herein may be adapted for use in containers, frames, storage
units, support structures, transportation devices, temperature control units, heat
exchangers, vessels, and/or processors of various shapes or sizes. Further, the frames,
containers, support structures, heat exchangers, temperature control units, and/or
processors may be adapted to receive flexible containers of various shapes or sizes.

These frames or support structures may be configured for long or short term storage of



unit 20 by renoving the flexible containers and the
frames, or other support structures which the
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tenperature control unit 20 in a controlled manner
(e.g., to negative 20 degrees Celsius or below, for
exanpl e, such that the freeze rate (including the
dendritic freeze front velocity fromthe sides of the
container to the center) is controlled w thin upper
and lower limts, as described in U S. Patent
Application Serial No. 09/905, 488. Thus,
cryoconcentration of the biopharmaceutical material is
prevented or inhibited, thereby preventing

undesi rabl e degradati on of the biopharnmaceutica
material. After the biopharmaceutical material in
flexible container 10 is frozen, frame 15 and flexible
contai ner 10 may be renoved from support nenber 122 of
tenperature control unit 20 and placed on support
rails 292 of cart 290 for transport to a | arge
freezer, for exanple, a WD 2004/027331

PCT/ US2003/ 029727 24




wal k-in freezer having an interior air tenperature of
about negative 20 degrees Celsius for storage, as is

WO yioi3BYy present in |arge nedical instituti oPGT/(82093/929727
hospitals). Alternatively26container 10 may be noved
fromsupport rails 290 to freezer rails (not shown)

Cin such a freezer. [0083] Further, the above descri bed
lﬂné%{i bl e containers may be renoved froma freezer or

other gsystemfor. storage of the flexible containers ..
L and contaHED iphEPYURE APoRMBHETHeHGHR o T e Selibeomprising
These 3 bgtiyddoafis@Rl %m&&viﬁ%u btphRinRBA ARSRItCRIding
material therein may then be received in a
coptg@ssr at ure control unit for heating, nelting,

o8, s s BB AL M 0 p i

hotliilg edrising; For exanple, frane 15 supporting flexible
contai ner 10 hayi gg frozen biopharnmaceutical  mater.i al

t her ei # 18} opRoiaiteRposs PRPPFIENg SR bl goptactipg surface
co:‘ﬁ@@.&@d {d Sont& iR Bhidider IPMhibhe GORIIR bRk thloontdhMaHd said
by  heat transfer plate(s) 28. Further, tenperature
maablercohtaghing surf@eydnght be noved, e.g. reciprocated,

al ong track {n shown).to agitate th .
b1 ophatEib iR R bR it 527 gk Bpe ol Beat sapptppurtace being
theRRI19 cotpl¥d Risald8iopRrmadiutifal HoldiEcohPaingtUR BpbihsRdo said movable
fl exi bl e container” 10 maybe noved or reciprocated in
coglaginggirgte centpaingtsaidecontangt.-rol unit 20 to further
facilitate such thaw ng. Upon conpletion of a thaw ng
process, the biopharmaceutical material in flexible
2. cont ai MR¢ sys@enidyclhien MwherkiDskideottaging sefperiatetfipured to
control, _unit_ 20 alon% a_track_ (not shomn&@?nd/or,
COPARYGSH §Rifl capfingsto ighibft g cleagance petwesm thepoptaines awd saiq at least one
hetHdnsfol sudeike@not her exanpl e, |iquid biopharnmaceuti cal
naterlaF may be agitated by novenent of flexible
container 10 held in frame 20 in an interior of a
tenperature confrol unit duri a freezin r.oces )
3.unt | BhesyoHRn B 1 { SenTad Grest opgaea: piitaniapg comprises

at [A& 2k PP BAH FPpSUl ise:FhcegRE €rial . Such agitation will be
termnated prior to such formation and the freezing

process will continue with the frane in a stationary
itiopn, The d ' t had | sQ. l.icabl
R S R T AR R

fleptiblé céififinerahd & ReIgal ¢ontaig@ntrol unit 700, as will be
understood by those skilled in the art. 100841 From
t he above description, it will be understood to one
ski | | egh,i . e i 1ﬁ&ﬂ} i :
> descri gg%%ﬁtéérhg Pﬁél%bg\gleg%gﬁi%% ‘S%e | néact gﬁ%%lwr? earfg,lme for
at feastroms of ptatecipg and sSupertirpue oottaiser uct ur es,
transportation devices, tenperature control units,
heat exchangers, vessels, and/or processors of
6.Var i OUShs BARSS oPElaih B Seherdiithe Mime dofprisePARAt side having a first
cont ai ners, sug{;ort_ structures, heat "exchangers,
opeRing end a geeond srkerheling @i seepnd ppanipg, wherein the container is in

communication with said cavity through the first opening and the second opening, when

the container is received in the frame and the frame is received in said cavity.



processors may be adapted to receive flexible
containers of various shapes or sizes. These franes
w@roospEert structures may be configured for |PEUSL003/029727
short term storage of WO 2@04/ 027331 PCT/ US2003/ 029727
25 the flexible containers containing
7. bi ophaThagstin 68dlaifes ehbiSsaidat bbb Rat friFeRuFhad s,
be adapted to transport the flexible

or nma .
copfighred tach e LORREHGT Broehat fsstameiod the fineanening  andithe second
L-qui I zen state. For exanple, the tenperature
op%%%%’?ﬁfh%lﬁ]ﬁe‘?my be insulated to allow the nateri al
to remain at a given tenperature for a prol onged

period._of time, Furfhernore, these flexible ) .
5. Cont ai At 975l et S SRPRIGF Sae opF bost Pikpepand said cavity

cofnPRRAT LI §:i€ S8t b&Qhg #itkdnSionOPRireEX AR GRS th&@BEY Or
processors nay be adapted for utilization wth
mat eri al s ot her than bi opharmaceutical materials.

Fi nal | t he stprage ontalners, support strpctures, .
9. t enper LRSPRTCEbAEGIAM B PSP Hapie, (RUIBRRSS 4, ArskRfimg padsaid slot
is Ydrifiduradad ir€iesvetd RBGRIEImeBeRai S, such as wheel s,

glides, sliders, dry-ice storage conpartnents or
ot her devices to facilitate transport and organi zati on

h . . e ,
10,15 Goths pRREPbe Ml € s LRGN L0 il RPr BB RRAERL CiuBlor he
frahe ihBageslagki [ 1 ed in the relevant art that various

nodi fications, additions, substitutions and the |ike
can be nade w thout departing fromthe spirit of the

111 nvent Tﬂﬂsys%gof (!lﬁf?nel PlvReleMhE HARR cBRY g?&ed'i‘gxgt ﬁnﬁn«? Eréd said

within the scope of the Invention as I ned |

suppwirt is woniggwedinsippiOs 2604d Gia#e31 PCT/ US2003/ 029727 26
Clains: 1. A systemfor freezing a biopharnaceuti cal
material, said systemconprising: a cavity configured

12f or retrd Wisheh 8f RhiAPY JMBRELHA S181 comrBEd AtirddSloflfoR eceiving a
container; at |least a pair of %pposed surfaces facing
or

firg fiameansifivehercomprisivgla sesandrslafifor eegiving g seenmddiames. . at
| east one of said opposed surfaces conprising a
novabl e contacting surface configured to contact the

13cont ai Tike sytstent ofilbibd 5 furtheeesmapigndtivweond diévee Gitradving the
and said . novabl e contacting, surface; and at | east one
frameayithip gpidrcayity iy qayscamidng @fg the gw@ amaggEicaRateriplfiging 2

thawthf 86&e Pei NY

14. The system of claim 5 further comprising at least one driver for moving the
frame within said cavity to cause mixing of the biopharmaceutical material during a

freezing cycle prior to a formation of ice crystals.

15. The system of claim 5 further comprising at least one driver for moving the

frame within said cavity to agitate the biopharmaceutical material.

16. The system of claim 5 further comprising at least one driver for moving said
cavity having the frame received therein to cause mixing of the biopharmaceutical

material during a thawing cycle.



thermally coupled to said bi opharmaceutical hol di ng
container in response to said novable contacting
wa@eroaes3ctont acti ng sai d container. 2. The sysPenmusf003/029727
claim1 wherein said contaé@8ing surface is configured
to conpress said container to inhibit a clearance
1'’het weelTheRest&A L Blaie’s fafkereamPrisihg hERESt 088 Brivét@dt moving said
transfer surface. 3. The system o% claiml wherein
cayHy fawipe thealiamereseineditheraimipsqanse miringeldhe bippharmaseuticel
t [ 0 . syst em of
e L S B Rt e o 1T 2 T e
of a flexible container and a sem -rigid container.

5. The_system of c| ai wherein said cavity is . .
&onfi gf@eaﬁt@n 0 elé}r@érgaﬁ]hqrgﬁ@pﬁﬁpg abjeast @88 iy dopmoving said
a9 heGihb A RO RUBRAI {Hefth H‘a%itﬁf%r’cﬁ@bi%gﬁagm?ceuTﬂEQlSrlﬁ%tgﬁﬁm

claim5 wherein the frane conprise I rst
having a first opening and a second side having a

econd eni.ng, erein . the container is in }
157 ermuni BB eTSHENGY E S Lt bk o B ey freciigg a temperature
ofARE BiopHaraadedtital maeANdvIRRan Bﬁphé‘i'ﬁfaee_utfcbl%ﬁt@ﬂél% B&taih&d in the
received in the frame and the frane is received in

costdigpr dgaid pavityd 2004/ 027331 PCT/ US2003/ 029727 27 7.
The system of claim6 wherein said at | east one heat
transfer surface is configured to contact the

20cont ai Mhe sydiernogblaih 1lfedlsdr comprisihg hlkéntrdlles forap@uilativgs at least one
8.. The_  system of

and th econd _openi ng of the frane.
ofa ffwno aiﬁ?éﬁf@ﬁ#@lt ﬁ@dftfe atlgash Ppe Beat fansfpreurfagsand pitemperature
of SR Hef AUhY: nG@MPri ses a slot, said slot being
|nensionedfto receive the frame therein. 9. The

systemof claim8 wherein the frame conprises a first

frame gnd sai,d slot. is.cognfigured to recejve econd .
20t 2. EnerER ordiseving e RGPS EH STLADS DRBd comprising:
CoNnpr i $isefind aBiPFRAhaceanédl Sl holdgisRRataind Mo alch@lEof a

in said slot. 11I. The system of claim 10 wherein the

tempengtire eprprdlyed; a first frane and said support is
confi ort c 4 . 12.. The tem, .
9 Ilﬂ{ncﬁgng{l&% é%agfﬁnescgpgcéﬁ?%gﬂgcg 1natﬁ§§ ca\;liéi t]olcpg&agtgtﬁ% f:ontalner to

of cla conprises

inhibit o deince bgtvieen fihe @htdinedARd dietht 1dast diRconiabitd Sirfage;and
second sl ot _for recei Vi'n% a secand frane, 13. The.
syst emtisrmally coupking therbigrhagmagsutical material palding coptainer to at least

orfdHe¥ttarls R B rdsPhnse to the at least one contacting surface contacting the

container.

22, The method of claim 21 wherein the contacting comprises compressing the
container to inhibit a clearance between the container and the at least one heat transfer

surface.

23. The method of claim 21 wherein the at least one contacting surface comprises

the at least one heat transfer surface.

24, The method of claim 21 wherein the contacting comprises contacting the

container through at least one opening in a frame supporting the container.



frame within said cavity to cause m xing of the
bi ophar maceutical material during a thaw ng cycle.
wQa20040m338yst em of claim5 further conprising BCT/US2E$/029727
one driver for noving the 2frane within said cavity to
cause m xi ng of the biopharmaceutical material during
25a f r eczi Mgetioacd Rl O whéteid tﬁ@édfﬁéih&@oﬁ%rﬂsé‘seat least one of a
%/st als, 15. The systemof claim5 further conprising
le sgpipinghendyr sepurtigideomtpintthg the frame within said
caV|ty to agitate the bi opharmaceutical material. 16.
The systemof claim5 further conprising at |east one
26]r i ver Thetmetnd oTglami X fuesn domﬂaaiﬂgnegmﬁtﬁugfartam@erature of the
received therein to cause m_xing t

cayity &hﬁ%&%ﬁemﬁmﬂuﬁﬂf ﬁ}eﬁmpl@m@q@gﬁ%l m%mahyh@wee VO
blgﬂ%ﬂlgée@ rﬁ L APR2ODRi0aPin ltz T(ﬁl%élllél'ﬁz' apityl em of
alm urt a one

er conprising eas river for
noving said cavity having the frame received therein

0 cau har maceut i cal mat eri al
ror § o i Be Fehaht laitp ] o RO SRe e eined e ppefaie of the at
1e§srty>ﬁ& bt transter sUbRcSHShE BARly 16 képuMtea tMiiafire PR | Si Ng

| east one driver for noving said cavity having the
blf)plgmmaqce@@eal\mdemaiewh@mthp biophamzaceutichbmaterial is contained in the
har ceu ical material. 19. The systemof claiml
%E? ¥S|ng nmeans for regulating a tenperature
of the blopharnaceutlcal mat eri al when the
blopharnaceutlcal material is contained in the
2& ont ai Ade mathagpfelaimA 1t whergig theringertiyg thepopipiner gpmprises inserting

ﬁ%&@&@ngﬁ{%@gg&? g G eldier for regul ating at

east om10 a heat transfer fluid to said
at | east one heat transfer surface and a tenperature

of t he heat er flui od for freezing.
a bi opﬂﬂ? sl lmr?ét‘gbqrapzﬁq eeriiag H’G&OE@HQSF PIPpKSeS inserting
théﬁ%ﬁfetdnﬂgaﬁl bﬁ@ﬁ@ﬁt&@%‘ﬂfs'cﬁ@i‘t mat eri al hol di ng
container into a cavity of a” tenperature contro

unit; noving at |east one contacting surface in the

aV|ty 0 _cont ainer to .in
3 oar a8 HINES fA oAb hEfrisiha Bt yoduy frpg supportng
a §RBhEEdtdlBero theSportifembdier mal 'y coupling the

bi ophar maceutical naterial holding container to at

| east one heat transfer surface in response to the at

31 east qqe n?e%dao“‘f{cie{]l% 2@%{1&8 i 1t ﬁl&)ﬁ&tt nﬂ:glbepfs in a slot of the cavity.

cont ai néer

32. The method of claim 21 further comprising mixing the biopharmaceutical

material during a thawing cycle by moving the container within the cavity using a driver.

33. The method of claim 21 further comprising mixing the biopharmaceutical
material during a freezing cycle prior to a formation of ice crystals in the

biopharmaceutical material by moving the container within the cavity using a driver.

34. The method of claim 21 further comprising agitating the biopharmaceutical

material by moving the container within the cavity using a driver.



22. The nmethod of claim 21 wherein the contacting
conprises conpressing the container to inhibit a
w@b@anzree bet ween the container and the at | eBSI/USIV03/029727
heat transfer surface. 2330The nethod of claim 21
wherein the at | east one contacting surface conprises
33.he at Theasdthahef deamt2 1t fuetherf @inpBidinhasikingde bibpRarRtOARal
of claim21 wherein the contacting conprises
MEEHELENING G thaKng CHrie By ieqvingihs Gatitausingadivesne openi ng
in a frame supporting the contai ner. WO 2004/ 027331
PCT/ US2003/ 029727 29 25. The method of claim 21
3Gaher ei The heetlowhifailairr2 Icforther oapriaing|eiaitg thebiophartaceutical
flexible container and a sepi-rijgid containper. 26. The
Mttt Rrige adfesrERe SYCle Rreh o 2 fosmptionetige ssialsdn they a
bibgima@éuﬁ&ﬁ Riterid1® h iy ierl enmperat ure
of the biopharnacegfﬁggjéﬁg%gwﬁggﬂ%iiﬁm?%e
bi ophar maceutical material is contained in the
ontaiper in th avid.y. 7. The met hod. of . claim?21 :
S ort hen tE BT G s cg PPt et S bR Biagputica
mhtefsltbyoneviig e davapatiag agkkvéace in the cavity to
regul ate a tenperature of the biopharmaceutica
mat eri al, when the biopharmaceutical material is
ont ai ned,.d ontal ner (.0 . cav| . . .
et hod op sl R AR, i St i, sac
sysenpeangesiignserting a frane supporting the container
into the cavjty. 29. The t hod of_ cl ai.m. 28 _wherein
the i neGRTHH Fise R BORBTaOER L TSR G
frame qulQedfos UPRA Vel RIGVRG thdlcdddinGa¥id y- 30. The
met hod of claim?29 further conprising Inserting a
secondnfepanfor sogpdling atgpmperaterc ofi daid oavityi toeonwol  temperature of
mSH grt ne ei._él. The nethod of claim 29 wherein the
%ugﬁ Vi 11311 e HF% a slot of the cavity. 32. The
met hod of claim 21 further conprising mxing the
bi opharmaceutical ~material during a thaw ng cycle by
3%movi ng Thesystemphelan 3ivtherein theanaving thy confpingr eonaprisge moving
. . .claim2l1 further conprising mxing
th?%%“%?%ﬁﬁﬁ@ﬁ%@@%@ﬁ§a| material during a freezing
cycle prior to a formation of ice crystals in the
bi opharmaceutical, material by noving_ the container )
40pi t hi n Tom8YsteR pf (laym B grbgrein %ﬁ@émqvnﬂthe TRRAMEE pRIAPIEES moving
thE b abink4hd AffiaiRGTOL: R Mfle@@ a1 NG the

| ophar naceut| ca

41. The system of claim 38 wherein said means for controlling comprises at least
one heat transfer surface and further comprising at least one movable contacting surface
for contacting the container to inhibit a clearance between the container and said at least

one heat transfer surface.

42. The system of claim 41 wherein said at least one heat transfer surface

comprises said at least one movable contacting surface.

43. The system of claim 38 wherein said cavity comprises a slot for receiving a

frame for supporting the biopharmaceutical material.



mat eri al by noving the container within the cavity

using a driver. WD 2004/027331 PCT/US2003/ 029727 30
wW@2004/0m331et hod of claim 21 further conpri si ngP@i/KE2093/029727

t he bi opharmaceutical matétial during a thaw ng cycle

by noving the cavity using a driver. 36. The nethod of

441 ai m Thelystern o coiPsivtieidn HethéMng B container comprises moving
bi opharmaceutical material during a freezing cy%li e

thg cpfpinerwithingheglot.on of ice crystals in the
bi ophar maceutical material by noving the cavity using
a driver. 37. The nmethod of claim21 further

4% onpr i Shagysigtodtiaing 48 Mehelsin fearnowse theicoataineMBéRpiRE moving
by nmovin ,{uﬂ%ﬁavit using.a driver. 38. A systemfor

the ceriginpyWithinaa fitstslotn the savity and Birthsk someidsig 2 segond driver for

mBBhE hisBdond2BhfAines WithfR SRR %15’3 Sihe SavigVi Ly for

receéi ving a bi opharmaceutical materrial “hol di ng
container; a driver for operatively noving the

“Car o cArbyRloTEReR BavFinpEmarnd € bPphufisgentn maierial, the

mbtho®bahphgeut i cal material. 39. The system of claim 38
wherein the noving the container conprises noving the
cont ai Hsertipgtarhipphansaceatical ynateripl haldingspatainer dfto elcavity of a

te?]ﬁeﬁﬁ‘ﬁﬁ g'rﬁrtllagjtrmvi ng the container conprises noving
e cavity havihg the container received therein. 41.

The sysomtrollifig & teparatrewleticadanitg;aind means for
controllin onprises at |east,  one heat transfer
surfac @P"éﬁ‘%‘mﬁﬁ PO HIS the ApTHMEsTHithin thedgmperghise penizob pait.
contacting surface for contacting the container to
inhibit a clearance between the container and said at

41 east Tbemehwalttofictamslicterhesein fleamovidg theldvataines tempifes moving
clai.m.41. rein.said at |east one heat transfer

the vty havi \Agﬁ%?(?rg%lgersrﬁ?eﬂivegttﬁ?r@&st one novabl e
contacting surface. 43. The system of claim 38 wherein

said cavity conprises a slot for receiving a frame
4% or supperethed afielrimiddprizerein teunodag theatostainer comgrises moving a

0, PCT/ US2003/.029727. 31 44. The system of
ﬁ%’?easfﬂn?g %%‘%%}ﬁléer %‘%nﬁalfl‘?{é“ﬁ% %ﬁgc W% cont ai ner conpri ses
nmovi ng
49. The method of claim 48 wherein the moving the frame comprises reciprocating

the frame within the cavity by a driver.

50. The method claim 48 wherein the cavity comprises a slot for receiving the

frame supporting the container.

51. The method of claim 50 further comprising receiving a second frame

supporting a second container in the slot.

52. The method of claim 50 wherein the moving the container comprises moving

the container within the slot.

53. The method of claim 52 further comprising moving a second frame supporting

a second container within the slot.



the container within the slot. 45. The systemof claim
43 wherein the noving the container conprises noving
W b@402138Ri ner within a first slot of the caviPgI/asmo3/029727
further conprising a second2driver for noving a
second container within a second slot of the cavity.
46. A nethod for freezing, thawing, or mxing a
bi opharmaceutical material, the nethod conprising:
S4-nser t iThg rethrdbphdrimatlwhereial thermowingahe ¢mitainergn the slot comprises
[ I N . ' f e rat contral. .
e B cofer DM ke Bt B ok SRS i iyt tnbsipe moving
seoped edntainérywithiu iarsgedndalot ofith@icagity.wi t hi n t he
tenperature control unit. 47. The method of claim46
wherein the noving the container conprises noving the

sgavi ty avditod He1 8 %ﬂ&éinrtﬁézﬁlioyﬁl% é)tft c%in{bir%ele Svithl e

nmet hod of clalm 46 erein the no e contai néer
temprature esntnal vinitgomprifesanevisgithe @ohfaingr theusoagitation of the

Wthin the cavity. 49. The nmethod of claim48 wherein
b?ﬂ@%ﬁuﬁ]ﬁa]trﬁ%te‘?%jane conpri ses reciprocating the

frame within the cavity by a driver. 50. The net hod

claim 48 wherein the cavity conprises a slot for
5¢.ecei vilhg nagikod ¢frcdaim 4uphereinitheymoringof theaiontiner Svthinrthe

im 50 f.urther. i si i Vi
AR Bl g BB G Ty e
bispleirma&elticdlnpateRilbengh tiedwihgtide wher ei n t he novi ng

t he contai ner conprises noving the container within
the slot. 53. The nmethod of claim52 further

onpri si ' S £ 1 i .

ST o o LSRN O RS TNRON e AN

teQFaluB 0081 28if 28mpH &sFdovidgthe mehtdr ©f caaeamiriniof the
.wherei n t.he nmovi. t.he cont.ainer in the slot, conprises

A R R R R R R N
cavity and further conprising noving a second

container within a second slot of the cavity. 55. The
S&ret hod The sgstem of alpimA evheiein sdid caviti is gngdgestie withrat tensportation

oy b SRS BB P o FETREL SRR

59. The system of claim 58 wherein said cavity comprises a slot for receiving the
frame, wherein the transportation cart comprises an alignment tab and a channel for
receiving the frame, and further comprising at least one recess configured to receive the

alignment tab to align the channel with said slot.

60. The system of claim 59 wherein the channel comprises at least one support rail
for receiving the frame, said cavity comprises a support member for receiving the frame,
and said at least one recess is configured to receive the alignment tab to align said support

member with the at least one support rail.

61.  The method of claim 21 further comprising locating an alignment tab of a
transportation cart in a recess of the temperature control unit to align a channel of the

transportation cart with the cavity of the temperature control unit.



bi ophar maceutical material. 56. The nethod of claim47
wherein the noving of the container within the

W0 eop@eBBUre control unit conprises noving thePCT/US2003/029727
contai ner to cause mxing 88 the biopharmaceutica
material during a thawi ng cycle. 57. The nethod of

62| ai Thehhedalo® chirth BE wiRMiR theMighiAg 1&OHaAd 8bm igf{%'aﬁgning a
the tenperature control unit conprises noving the

suppeit s3ihelr the shamgbwithp gipngriohember of bisbyslodtheweoeity.i cal
material during a freezing cycle prior to a formation
of ice crystals. 58. The systemof claim1l wherein

6B ai dTleassisteyn oSclERO4AQ edtein Wiid bt 18adt bAOBRP FrhdférOffabist
to allow the frame to be noved into said cavity from

independeny of seel phiepwone moavablg gontyetmnesyisfeesn of cl ai m 58
wherein said cavity conprises a slot for receiving the
frame, wherein the transportation cart conprises an
alignment tab and a channel for receiving the frane,
and further conprising at |east one recess configured
to receive the alignnent tab to align the channe
with said slot. 60. The system of claim59 wherein the
channel conprises at |east one support rail for
receiving the frame, said cavity conprises a support
menber for receiving the frane, and said at |east one
recess is configured to receive the alignment tab to
align said support nenber with the at | east one
support rail. 61. The nmethod of claim 21 further
conprising locating an alignnent tab of a
transportation cart in a recess of the tenperature
control unit to align a channel of the transportation
cart with the cavity of the tenperature control unit.
WD 2004/ 027331 PCT/ US2003/ 029727 33 62. The nethod of
claim 6l wherein the aligning the channel conprises
aligning a support rail of the channel with a support
menber of a slot of the cavity. 63. The system of
claim4l, wherein said at | east one heat transfer
surface is independent of said at |east one novable
contacting surface.



