9 FEBRUARY 2007 CRYOPRESERVATI ON SYSTEM W TH CONTROLLED DENDRI TI C

FREEZI NG FRONT VELOCI TY CLAIM OF PRIORITY (0001) This appli Ca3tFEBRGARY 807
priority to U S. Patent Application Serial No. 09/905,488, filed July 13,
2001, the entirety of which is incorporated herein by ference. FIELD OF
THE | NVENTI ON (0002) This invention relates to bi ophad’mﬂﬂmmmm”u terial
cryogeni c preservation nethods and apparatus, and no ly to a
bi opharnmaceutical nmaterial cryogenic preservati on systemiang*net hod which
mai ntai n cont rQfl eezl ' rmaceuticals contained within a

cont ai ner | nc|‘33‘ﬁ%;3ﬁﬁ?ﬁﬁéo}iw§€ WHH GONTROLIED: t v.

DESCRI PTI ON OF RELAVEINPRITIO FREBZEYGEERONT SEDOOIPRhar naceut i cal
materials is inportant in the nmanufacturing, use, storage and sal e of such
materials. For exanple, bioph | rials are often
cryopreserved by freezing bet mgg“%?gi:ﬂeggi%@gt eps and during storage.
Simlarly, in certain cases, biopharmaceutical materials are frozen and

t hawed a@0fa)t Ghistapplicaionlobyime ptiofityao @5S. Raer® APPNERichWREikl qual ity or to
sinmplify the I nt . process. (0004) When utilizing cryopreservation,
the over a'P: §¥§’f" g@r@-ﬁ%hﬁ}ﬁ 155001 cthe sptirephefrwiieleistinesaporatet ihereityby of t he
phar maceufdrgalicdraterials is desirably preserved, w thout substantial
degradati on of the biopharmaceutical materials. (0005 Currently, in sone
aspects, cryopreservation of,hi ' erials involves placing
a container conprising the bﬁﬁ%ﬁg?ﬁfgﬁmﬁ#ﬁ lals in a cabinet or
chest freezer and allow ng the biopharnaceutical naterials to freeze. In
current (G00gppr Fhivivedrition réleh v bioplarmacsiBioildhaial @RPLERE Pekservation

bi ophar IT&CELL'[ ical materials is ) _
methods and apparatus, and more particularly to a biopharmaceutical material

cryogenic preservation system and method which maintain controlled freezing of
biopharmaceuticals contained within a container including a controlled dendritic

freezing front velocity.

DESCRIPTION OF RELATED ART

(0003)  Cryopreservation of biopharmaceutical materials is important in the
manufacturing, use, storage and sale of such materials. For example,
biopharmaceutical materials are often cryopreserved by freezing between processing
steps and during storage. Similarly, in certain cases, biopharmaceutical materials are
frozen and thawed as part of the development process to enhance their quality or to

simplify the development process.

(0004)  When utilizing cryopreservation, the overall quality, and in particular
pharmaceutical activity, of the pharmaceutical materials is desirably preserved, without

substantial degradation of the biopharmaceutical materials.

(0005)  Currently, in some aspects, cryopreservation of biopharmaceutical materials
involves placing a container comprising the biopharmaceutical materials in a cabinet or
chest freezer and allowing the biopharmaceutical materials to freeze. In current

cryopreservation techniques, a container enclosing biopharmaceutical materials is

LT
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9 FEBRUARY 2007 placed on a solid or wre-frane shelf in the cabinet or
chest freezer. The bi opharmaceutical materials are left to fr oEBRIARY 2007
they are solid, in an uncontrolled fashion. (0006) Significant |osses in
bi opharmaceutical material activity have been noted using such current
techni ques. For exanple, observers have noted that stability and

conformati on of biopharnmaceutical materials can be affected by | ow
tenperature alone, wthout any significant changes in variables such as
solute concentration or pH (0007) Further,. it has been noted that

convent i ptuatd o ¥ eplidsewiratfi-an shelfinds @binel Gathestiffeeséy OgRNCENt rati on, or
the redistribution of solutes including biopharmaceutical product fromthe
frozen vglqphﬁniaée‘ﬂtﬁéﬂ msterigleate deftio jeoamuntd thejeare seldddr At nacdntmlledhy
significagngly increase. The result of cryoconcentration can include the
crystallization of buffer conponents |eading to a pH change that can
affect stability, folding, cause undesirable chem cal reactions, or even
create qhegwyagsigiifitdie |dbeindicpRaHideadal nPBIR hétlvityHay0seaGRdd ation in
conjunction with |low tenperature effects may cause a decrease In

sol ubi | i tyingsugh@irgsmb fsebhigtese Hdrezpmplg: ehseryiers have motedshdt istabijitpamti pi t at i on.

Pr oduct ceqat | o] . ne.r i.n_mol.ecul.a i,ght) has. al so been
obser ved.%g%f) )dnA(gd:lgl{)Q h%ﬁ%lfi{:ey%?lcggtﬁn%géﬁ? 8antl|1|eealfte(gﬁe[d\§®nlgyvst)em§ra%% OBt ed
usi ng corwithati anyadignificaORh@RRE Viabirkiblds 8GN UseR e cSRBhRATAN ord@rBgE MRy be
caused by freezing stress due to volunetric expansion of aqueous

bi opharnaceutical materials within the container during freezing. Rupture
or damadB047 t Karthes, édas byerofoted that convaitinnal £ryopresavatiahethodscantleadcan

conpr om cilityv.or |lead t.0 bioph eut i cal terial contam nation or
| eakage 3? cﬁ’ég%ncg?&%hogl’ B %‘6 chﬁlﬁ%ﬁ’gﬁ&f géﬁrmﬁ%ﬁ ‘8?@3}‘@? ackMBtNer probl em
faced by prétwsefrom thé ftoker Volufie tafie inFrobdipdavery iR Mkirdeatdnallish mRy 0cess

nmet hods and, apparatus designs intended for cryopreservation of

bi ophar medRifiGaBHy neaease Ahs resalof sHiogongentisioncseningludegbe @ryistaiization of

scal abi |'i j i i re.j.s_a_constant need
for si rrplgél,Yfere# I %(%Hg %tgl’lg{]dgﬁgg)%gﬁ%{h aa%ghqstgg]ltl g%%%taﬁgﬁ’o a lsd"(lu%\? gfsgped at

r esear ch vadebipbleahenticay esict by od et aléatecieavwage o€ teddidhatraadedagcegdr oduct i on

scale wt hqut c&g}pr om si.ng bi.ophar maceut.] clal mat er i al
material.” Cryoconcentration in conjunciion with low temperature effects may cause a

decrease in solubility of the biopharmaceutical material, with resulting precipitation.

Product aggregation (i.e., increase in molecular weight) has also been observed.

(0008)  Additionally, damage to the containers has been noted using conventional
cryopreservation techniques. Container damage may be caused by freezing stress due
to volumetric expansion of aqueous biopharmaceutical materials within the container
during freezing. Rupture or damage to the integrity of the container is undesirable, as it
can compromise sterility or lead to biopharmaceutical material contamination or

leakage or loss of the biopharmaceutical material.

(0009)  Another problem faced by those of skill in the art is that currently available
process methods and apparatus designs intended for cryopreservation of
biopharmaceutical materials generally do not exhibit good linear scalability. In
biopharmaceutical manufacturing, there is a constant need for simple, efficient and
predictable scale-up. Methods developed at research and pilot stages should be directly

scalable to the production scale without compromising biopharmaceutical material
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2 9 FEBRUARY 2007 quality (e.g., biological activity of the

bi ophar maceutical material) or process productivity. The predi9®EBRUARY 2007
process behavi or based on information devel oped on a small scale is often
referred to as linear scalability. (0010) In scaling up a cryopreservation |
process, discrete containers such as bottles, carboys, tanks, or simlar
single containers are available in different sizes. In virtually all

cases, the rate of freezing and tine to conpletely freeze the

bi opharmaceutical materials in each container is related to the | argest

di stance fuality (&1g., bindddite astivifyestahe bicphaaabatchmatbIPe prbéd@s are required
to freeze the contents of |arger containers if the sanme cooling surface

t enper at uPOIEHYIEY- nThg predictabilidy, of priegess behaviey based amrinfosinption devebapedwse t hi s
results |8 shaNRtaBioGRaCIhEALE POy Lifigr . Lhe sl ow freezing s knoun
to cause cryoconcentration erfec Wt A8 et ri mental effects upon the
product. (0011) Various strategi es have been adopted to mtigate this scale
up probl TO fre?.ze | arge quantities, one could for exanple use nultiple
smal | or CUHOL; ndp sca IR RE\FEYOPTRSE RHER PIOse s diverale containgts suph es bottlesi ners i n
a freezer sk hgr Lt ' s..and I enperature

differ enc%egbfgf%m co’%aslmr:déarI Stﬁ%ri' %g%t%ﬁﬁrg%ef #ﬁgﬁﬂ? ﬁledelgfarﬁa{ ?g%%‘e IEH B‘hﬁn@fduct

qual ity dalpeastsche trite ofifiteradg dridetimeto ¢omaslete Rk te bespagRadelifcalcONt @i ners,
contai ner _shape,. and air novenent in the freezer. The result is different

t her mal hF’?f‘?SE’S?F Pach fentaige: g Felated fo thedanges distanee fiemithe peolingmrfaemat i ng

probl ens wohbeque 14 ' Qll%rm ' i.ces (. as
wi |l be under sqtuogﬂ(gg)’byﬁéét? ﬁrg\s%e&ts&kri%ﬁ‘lﬁleegq ??i'tret e g?ﬁt&%gﬂﬁeg?’é@g%ﬁsé%it is
al so ti mesaoasentingsuaface eopatagure ipmenhtaihédv eSuch loiges titRed i€ uh@ésiraBle0 a | ar ge
nunber of, subunj.ts PI’OLdlf

ub cesh] CtlQSSiﬁﬁliﬁ’l%é’oge [ or{ant_ as it is, to
some ext eRTCAUET BBSISIIS IOV RrRgesy Brpughpufs: Sirtherctbe siow treczingis kagwber of
cont ai ner g c4uR0 ER)ocoERatsididifibct WRRHE deﬁhﬁed@ﬁ%ﬁe&?ﬁpcﬁ’ptﬂéﬁ)%dﬁlét.and met hods
for cryopreservation of biopharmaceutical materials that solve the

deficiencies noted above. 3 9 FEBRUARY 2007
(0011)  Various strategies have been adopted to mitigate this scale up problem. To

freeze large quantities, one could for example use multiple smaller containers.
However, adjacent placement of multiple containers in a freezer creates thermal
conditions differences and temperature differences from container to container. The
freezing rate and product quality depend on the actual freezer load, spacing between the
containers, container shape, and air movement in the freezer. The result is different
thermal history for the contents of individual containers thus creating problems with
compliance with the Good Manufacturing Practices (GMP) as will be understood by
those skilled in the art. For a large batch, it is also time consuming and counter-
productive to divide the lot into a large number of subunits. Product loss is likely to be

important as it is, to some extent, proportional to the container surface and to the

number of containers.

(0012)  Accordingly, there is a need for apparatus and methods for cryopreservation of

biopharmaceutical materials that solve the deficiencies noted above.



SUMMARY CF THE | NVENTI ON (0013) The present invention provides, in a first
aspect, a biopharmaceutical cyropreservation system which i no REBSUARY 2007
cont ai ner having an outer surface area with the container being adapted to
contain a biopharmaceutical material for freezing and thaw ng therein. The
system further includes a cryocooling enclosure having an interior cavity
configured to receive the container and at | east one heat transfer surface
wi thin the cryocooling enclosure. The at | east one heat transfer surface is
configured to contact the outer surface of the container when the
cryocool i ng encl osure i nt SUMMARY QY THEINVENTION cont ai ner. The system
further includes a cryocooler thermally coupled to the cryocooling

encl osur ich.s configured to flow fluid to the at | east. qne heat
t r ansf er(‘a fac etQF?BLP’%’Sﬁ“‘Q‘%"Y‘Q%é‘? gflgﬁtgsgﬁct,tanaéoﬂ@gpaqepg?éf er surface

and  bi oRhaSpFBREEHtiohAY stBRIeKibRInc b BorkthiRe R -£}F6uterTsjﬁ?fafzéhéijeg wifh | Sol ated

fromcontacting the container, but may flow w thin or in thermal contact
wit h t he theeentingmisfieg adaptdddo sontain a bigplrfrmacéwtintl matenal br Hrezifpabnt ai ner

and bi opharnmaceutical s, therein. .Also, .a tenperature sensor.is thermally
coupl ed Hﬁa‘%’wﬁiﬁl&c oib’? ng{eélh @‘F@gﬁ\n&mﬁ% Cré'gg?(gﬁgten{ilr%mei‘éﬁ?lgtapansf er
surface, ihiRgiof balﬂit?n corfighR 16 hReivt NRCkdfor a6 AL hstHE hBRrantfRes@tack€ast one
heat transfer surface nay be configured to contact at |east ten percent

(10% of witkintls efyoerflee esghoswieeThe alleatt onhbeat dransfensnfac@iscfonfighted tot he  at

| east one transfer. su s confiaured to.contact at |east fifty
por cent (O o R BlaB BF Ful G AN S ob S0 TR dn e BB itk
| east sevesdiyes thy eofainet MThe sfatén fubBenigchiaed a fivot sil@themmaMyiceapied to t he at:
| east one_heat transfer surface may include two heat transfer surfaces

opposi t e BREVRRBRINE encipfarewkich isopfigured 4p Bawdiuid hethedhieastar beatay i ncl ude
a Tirst QuRle WAACE BLAG GORMMAGE JEHORAL AELANB b Gl Neal transter
na a secon nrigure

surface a outer surfadce area co to contact the second
heat tr ansbpliarmacefti@wakbmatériaiowithin alid @mtofiert Mhe luid Bdsolate@ ivnmOforitdeging i r St

outer surface area. and t second.oyter surface.area may include at | east
ten per cethf’ coRtgupet Ut PRy Togy ‘ﬁFtﬁJSlﬂr & H"eéfi}i"lfcé’ééacé}”étg thy hftahé' FHSHTIAes wit h

fifty pergaftinses @t 19%r i thetataifblt £1d BibpHaRGEcAHiBAs Blereih NR1&OAT @i ner bei ng
preferable. Mst preferably, the first and second outer surfacCe areas

i ncl ude afemipeepturesensonisjthtimallymenpled to (ip8ygocoplinhenchenues; theat ileastomer ea of
the cont A\ 3¢ fransfer surface, the fluid, and/or the cryocooler.

(0014)  Further, the at least one heat transfer surface may be configured to contact at
least ten percent (10%) of the total outer surface area of the container. Preferably, the
at least one heat transfer surface is configured to contact at least fifty percent (50%) of
the total outer surface area of the container with at least seventy-five percent (75%)
being most preferable. Moreover, the at least one heat transfer surface may include two
heat transfer surfaces opposite one another. The outer surface area of the container
may include a first outer surface area configured to contact the first heat transfer
surface and a second outer surface area configured to contact the second heat transfer
surface. A combination of the surface areas of the first outer surface area and the
second outer surface area may include at least ten percent (10%) of the total outer
surface area of the container with fifty percent (50%) of the total outer surface area of
the container being preferable. Most preferably, the first and second outer surface areas

include at least seventy-five percent (75%) of the outer surface area of the container.



4 9 FEBRUARY 2007 Also, the container may be flexible and adapted to
conformto the shape of the interior cavity of the cryocool i n® FERROARNE007
(0015) The present invention provides, in a second aspect, a

bi ophar maceuti cal cryopreservation nethod. The method includes placing a
bi opharmaceutical material wthin a container for freezing and thaw ng
therein with the container having an outer surface area. The container is
received within a cryocooling enclosure having an interior cavity
configured to receive the container. At |east one heat transfer surface

contacts wiéd) tﬁ&&r@;ﬁh@fm?ﬂbé A6:8bIRRAR a@ptdd R RMAIH e éﬁh}%é’&ﬂh& Rfterior
cryocool i ng encl osure. he cryocooler 'is thernmally coupled to the

cryocool i agvithef the greocaplihgenstosiieng fluid is flowed to the at |east one
heat transfer surface to control the tenperature of the heat transfer
surface and the biopharnmaceutical material within the container. The fluid

i's isol g9eE) f r oMetpieseaOitivanttRrprovités, IRY sdcbRdVadiethh Biophaimthcbiifadl cont act
with the heat transfer surface to transfer heat to or fromthe container

and bi oph&FieREEvatian maieedei The methebinchideeplpeing g brapheemasentidag matesiahal | y

Cur Tace,  (HENFpEPHARREE ARG BT Wiing BFrdt i Bl S e AR et one

heat transfidficesdted. aThe omyaiher is enbived nellit Dcigoedoigl eatlosur€Bsting & per cent
(10% of the . total outer surface area of the container. Preferably, the at
| east one UMEHPT ¢aviy cophizwgd toreseive thesaptaingr e At eastanghgatitranster surfacef i fty

0 . . . . i.th
Ponst sevantyor vt BE ol SunBiofle Githc BnfaBb oih Ay SOURL AR 2

| east one Thearydovates fietheanalfyamepledyo theadyuteolingenchsate dndansbing fluidiaces
opposite g_pogwﬁnot er.. The outer surface area of]tt%he cont ai ner. may include

afirst o dptheatdeast ane hept ?ré&rf%e@cmpge ¢ tranpergtuge of dha heaf anst er
surface angnsres SHPRL AULRL bidy Jﬁ%@eu%ﬁ%aeﬁsuvquﬁgﬁmtc%n&%&.aﬁm pﬁgi econd

h
heat trans_fer surface. A conbination of the surface areas o irst
out er sur fisddged fwm thedcontaner sttt ovagl flowt withsworfimtermaaleantaey withtetdat at | east

ten percent 0% .of the total outer urface area,of .the container with
fifty perggﬁ%éfé%q ceof {aﬁséfg{(ﬁ)l % O%ﬁoer?%hseucr gf%neergPnglogPanqaﬁ‘é&fSﬁtthﬁeHér bei ng
pr ef er abl eAlsd/ostentpetftareabhyor i hemfally Sbuglad tShe R cOLIIRY ensldshRCRe At €as

least one heat transfer surface, the fluid, and/or the cryocooler.

(0016)  Further, the at least one heat transfer surface may be configured to contact at
least ten percent (10%) of the total outer surface area of the container. Preferably, the
at least one heat transfer surface is configured to contact at least fifty percent (50%) of
the total outer surface area of the container with at least seventy-five percent (75%)
being most preferable. Moreover, the at least one heat transfer surface may include two
heat transfer surfaces opposite one another. The outer surface area of the container
may include a first outer surface area configured to contact the first heat transfer
surface and a second outer surface area configured to contact the second heat transfer
surface. A combination of the surface areas of the first outer surface area and the
second outer surface area may include at least ten percent (10%) of the total outer
surface area of the container with fifty percent (50%) of the total outer surface area of
the container being preferable. Most preferably, the first and second outer surface areas

include at least seventy-five percent (75%) of the outer surface area of the container.



i nclude at |east seventy-five percent (75% of the outer surface area of.
the container. 5 9 FEBRUARY 2007 Al so, the container may be f9 gl REV07
adapted to conformto the shape of the interior cavity of the cryocooling
encl osure. BRI EF DESCRI PTI ON OF THE DRAW NGS (0017) FIG 1 depicts a side
cross-sectional view of a biopharnmaceutical material cryopreseivation
systemin accordance with the present invention; (0018) FIG 2 is a side
cross-sectional view of a portion of the biopharmaceutical materi al
cryopreservation systemof FIG 1; (0019) FIGS. 3A-B are perspective views

of |'i nearAlsoaht dontainet iy e IRRDITBEUIEHER 0 cHELRA tdMhe Qﬁ%%rf%'%i}éﬁ& on

systemof FIG 1; (0020%_ FIG 4 is a side cross-section vi ew of anot her
embodi merfiavey Oﬁthebifb%ﬁ)é} ingerclosweal material cryopreservation systemin
accordance with the present invention; (0021) FIG 5 is a side

cross-sectional view It t anot her enbodi nrent of a

bi ophar naceuti cal mat B@ﬁmgéﬁgﬁﬁ%QWﬂNG&cordance with the
present invention, and (0022) FIG 6 is a:block diagramof yet a further
embodi nenfP089) a FX-dpfrpicias side iceass-sevtipnaliaew of g bpmbgmnacettichmstesitem i n

d 1 - ti s TAI LED .DESCRI PTI ON OF THE
?ﬁ@%ﬁ?&e(%ﬁfg#ﬁ%@“ﬁ%ﬁ@ﬁ Iaﬁgcggﬁgg%@c%gaf?e@i ‘E%%’\gg?;ed that controlling

the freezing rate in cryopreservation and cryoprocessing of
bi ophar na ?zg,l ca](Lil terials can solve the above-nentioned problens.
Accor di ng(co Jan aside; grasspieplaanat viewdimenostion efike bispbiymagenticdknt i fi ed

above may b,ga@ﬁgfg%}gr)ésé}{,atﬁmg}ls@&edf)ﬂgl {/mnated by ensuring 6 9 FEBRUARY
2007 that cryopreServation or cryoprocéssing of biopharnaceutical

materials is performed

(0019)  FIGS. 3A-B are perspective views of linear scaling of the biopharmaceutical

material cryopreservation system of FIG. 1;

(0020)  FIG. 4 is a side cross-sectional view of another embodiment of a

biopharmaceutical material cryopreservation system in accordance with the present

invention;

(0021)  FIG. 5 is a side cross-sectional view of a portion of yet another embodiment

of a biopharmaceutical material cryopreservation system in accordance with the

present invention; and

(0022)  FIG. 6 is a block diagram of yet a further embodiment of a

biopharmaceutical material cryopreservation system in accordance with the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

(0023)  The inventor has unexpectedly discovered that controlling the freezing rate
in cryopreservation and cryoprocessing of biopharmaceutical materials can solve the
above-mentioned problems. According to an aspect of the present invention, the

problems identified above may be partially or completely eliminated by ensuring

6



in a controlled manner such that the freezing rate of the bi opharmaceuti cal
materials is maintained within a desirable range. (0024) \Wen FEBRAESRY 2¢07
bi opharmaceutical materials such as cells for cryopreservation, for
exanple, if the cells are frozen too quickly, with too high of a water
content, the cells may develop intracellular ice crystals. As a result, the
cells may rupture and/or becone enviable. On the other hand, if the cells
are frozen too slowy, the cells are exposed to concentrated sol utes over

reering | at et seepsepRton Sl doBeetle S0 o Ritmfo el meBTRE G PPt ni o

frozen vol unmamnﬁbllednmmmfeﬂsumdhe&tﬂid Bedzimpaefof HenbgimmacstticglahateRier i al s

|l eading to.detrinmental effects. In an enbodi ment, control of the freezing
rate may be i$ papdast wih igg desiiablerange. t he dendritic freezi ng front
velocity, with the dendritic freezing front noving froma cooled wall into
a bulk region of the biopharmaceutical nmaterial. The freezing rate al so

affects t@034)n aIWhmn;zremsnnﬁgrhxopharmhmﬁhcatrmatehﬁle&ubm aptellsFBceut i cal

material -protectin 31 gharpgaqgtlc? mat eri al - danagi ng

char act er i stF¢¥resg ra S f1 fllsvare W%CW?HUICMYQMH&%J}@LNf@aI

mat eri al enkgedeednient, %eace\fl'stn'id de%@oﬁ%&dc@l@ul%&"@r??tag?@%rd Eehﬁ’lt & celfr ystal's
may be a bi opharmaceutical material -protectin ype. Bi opharnmaceuti cal -
mat eri al - darm@i ngand/@e@cnmy ungiebled iO1f the ethier hmdr;r’isf;thé adllsexafiptditobl) a
very tight ce crystal matri an ass of a very |arge
nunber of fi° WIP’ ile C%l AT 5?% s\?ﬁf%coﬁﬂcﬁ‘&m‘?d’ﬁog}g%ﬁ%@r P’He‘é‘glﬁypqlﬁﬂﬁ’ fHgfer s al ong
the crystal vaduneaayiaRs leait® cefl damage. Mt ri x characteristics depends on the

ice crystal structure with preferred structure being the dendritic ice
crystal structure. Such desirable matrix structure depends primarily on a

f [ f d | b h
crpor ot w05 au Encteetinlih et BORRARaofist MBACA tgpbfia vigg "0 '

tenperature ¢ 0si trron an
geonetry of ﬂdzenfvbmﬁm With ﬁ@nﬁmﬁfohﬁrdmtrlbl&l&@B%Héin?a@%wa( RREShIAsRRgI Ng to

the present to \ét?ﬂltlelntaq € ec Er? énnélggoélggntvgl)n%%lto thce)ffre%zgg Tz(ijt; Intlalycbe
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.



ice crystal freezing front (hereafter "dendritic freezing front") in a
range from approximately 5 mllineters per hour to approxi matogtRBRDARY 2007
mllimeters per hour, or nore preferably in a range from approximately 8
mllimeters per hour to approximately 180 mllinmeters per hour, or nost
preferably in a range from approximately 10 mllinmeters per hour to
approximately 125 mllineters per hour, provides advantageous
cryoprocessing conditions in a wide range of systenms and feasible
operating,@zggin so_that danmmge to biopharmaceutical materials may be

m ni mi zed?@79)ay SherOEdIng Rty presentdnventisppinaintainiag the vebaity @f didendritis on
illustrate al i e . [ At _dendritic freezing
front and ?ﬁ%agﬁgghg%%ﬂggggﬁﬁgg%$§f?gggﬁﬁgéﬁgﬁég%%“Sf%apﬁgeé§Wfext of

f reezi ng ofappicoguihately® auillinetdrs pertheui 2 SppréAfR&)y 250 MilEmerOsértoufort he
dendritic freezi_%g tb{ont i S egéCh | ower t han lg)z'glﬁ),proxi mat el y mllinmeters
per hour, tHYCREHNETALEY HaPshEomRRPIOX R chehmdliijnetgsaprd@uiniat hi n t he

dendritic fgeRAkS 16 or [ htc. freezing front
behaves as gssol I gteii}{lggevr?ne{fc%@%%?g%%t%gbgﬁﬂg&g%%glrarrlgagg% r|°rc’"gll materi al s
not  bei ng apptosgmateldlQ miltintetees paylhiotr toesgprotitiatedy B2 0@iligeicrspeadut,ej ect ed
and pushed _tawards the center of a flexjble sterile container thus causing
severe cr %g‘ﬁﬁ%se?ffv BOPSICRY QPR CRIRG FPASHRNS N 8 Wik eange ehvystemsaadt i cal

material s. AN bpdatihl tra¥ahPsd t¥t RimARE bidy) ' ifitnd, S eases to,
but still renai nspl essél' thgglrll appr oxi Fr%t%eﬁy 0?!‘%“?{"%“‘2‘9%&%3@ lﬂ%}t}?g t he
dendrites dgrmmizsdewhweidedrger in size and nore separated, devel oping into

cellular or columar patterns. In this case, still only a snall percentage
of the solutes or biopharnmaceutical nmaterials becone enbedded into the

sol i d mage2mnst Raen exmnleahe INRWIRNE iseSsANAIINARRAIRERVhiERbetwiBA €T 1 al S
are pushed tI}or\/\I/earitcilﬁb%(qithe advancing dendritic freezing front and their
fVERCERhE

concent rat i '8f’ het dongitig fispzine fiont mddh sizaaed spdcinglof feoren dendrites0.
materials, B AR SRt SRR b BT ot Cenarit1 ¢ 1 eezi ng
front increases to, but still remains |ess
(0028)  If the velocity of the dendritic freezing front is much lower than

approximately 5 millimeters per hour, the dendrites may be small and densely

packed within the dendritic freezing front. Consequently, the dendritic freezing

front behaves as a solid interface with solutes and biopharmaceutical materials not

being integrated into the solid mass, but are being instead rejected and pushed

towards the center of a flexible sterile container thus causing severe

cryoconcentration in the liquid phase of the biopharmaceutical materials.

(0029)  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.



than approximately 5 mllinmeters per hour, the dendrites grow sonewhat

| arger in size and nore separated, developing into cellul ar GIFEBRUAR¥R007
pattérns. In this case, still only a small percentage of the solutes or

bi ophannaceutical materials may becone enbedded into the solid nass.

I nstead, nost 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 stil) result i.n d t.o hi opharmaceutical. materials. (0031
ot the vaPlRS: ;AT baaRRRy of S REB gt e Ganr PREFR b S AP SRS mac ol y
250 mi ||| meh@& SHpeeinAflly 5 ntEnHétkisgRr Bhal the HehdIRG A88&ohRwhhEredffh becone
nore conpactly packed, thereby |Iosing the ability to properly enbed

sol ut es andijsandineore sepasgiagrdeseleping i spihdanercelimimaipatietner Ingdhis caset o
freezing front. . (0032) 1f the velocity of, dendritic.freezi.ng front is nmuch
hi gher thanS%QﬁﬁlPé?(?%% gFVentﬂ%?)oﬁth Is?l}“réf gt &iog "}nnﬁf)?]‘ﬁl,ca{ﬂ%te’rlglgma?'i ng solid
MASS CONpr i5esma efidBERB intothe aolal massa 1fdeads bt UhEsdtited bt | Ce crystal s.
Such rapid cryocooling could be achieved, for exanple, by supercooling

smal | vol urfseplsrmaseypalmnaeals preatushedefpeyard by thendveneing demgdritic freezing

ol . BTt Fedr _ ittt I
of i ophar b aft A0 Epdifuol ih e flele o oo R E R ferd T el © 1T
fluid. (0038)reksms. Ehbmdustion mapkwip kaumkcdmidgead bivphemiaabsticalibhesaled t o

supercooling in a liquid phase followed by a rapid ice crystal growth, the
vel ocity of dendritic freezing front nay exceed 1000 mm sec. Such fast

endri ti celpspn Pf%ﬁé’&él&dx?foéf&ﬁdﬁﬁ@ﬁfz@zxr%ﬁr&ﬂ indIBR8EBeylold bp AT

bi ophannaceut’i cal materi wherelin t sol1 are not e?gr med of
equi | i br at e2p0 mBlimetess pdr hout] Wesdritastart uddcrdasaineizesaldi tbcoms a@se ar e prone to

ice recrystallization, en.di.ssol ytion of small]er jice crystals and growh
of |arger i%oéx_lpagﬁ&??%eg%vby &%%HQ?B%%{O\EO% HH l?%asl‘)ﬁi‘t%sra&‘gé’_aﬁ‘r‘fpes_

bi ophar maceginhsitted iRbRphahfaceutiddl Makkials pito BResiARERME i cal materials in
non-equi l i brated solid masses may be distributed between ice crystals in

very thin layers on grain boundaries. This 9 9 FEBRUARY 2007
(0032)  1f the velocity of dendritic freezing front is much higher than approximately

250 millimeters per hour, the resulting solid mass comprises a random,
unequalibrated, structure of fine ice crystals. Such rapid cryocooling could be
achieved, for example, by supercooling small volumes of biopharmaceutical
materials, by freezing biopharmaceutical materials in thin layers, or by submerging
small volumes of biopharmaceutical materials into liquid nitrogen or other cryogenic
fluid.

(0033)  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 |l arge product-ice contact interface area, due to the very |large
nunber of small ice crystals, which is detrinmental to bi ophar PeREBRUARY 2007
materials. (0034) Inter-dendritic spacing can be regul ated by increasing or
decreasing the heat flux out of the system (thereby influencing thennal
effects and the resulting dendritic freezing front velocities), and by

sel ection and concentration of solutes. (0035) The length of free dendrites
may depend in part on the front velocity and on the tenperature gradi ent

along the dendrites, The free dendrite may refer to the 1length of the
dendrite st PEYFUSES 7 IS PRAugtiick cantash inferfacs areagfluedortbe varsilyrge numbeseof
thickness ghafl icdMSMIsZ@RRh i Cdetfme 1€, 9. ca mxture of
dendritic ice crl(;/stal S’needrés %ﬁlgef%@ﬁgﬁ%%xég&ﬁg%al é%er%%sem At the tips
of the dendrites, the tenperature is close to O C, and decreases gradually

to match Il tenperature .along the dendrite |ength and the solidified
Mass a\/\/ayt(é]@(ﬁaﬁr\l\a t ﬁgtef':&g‘ﬁ‘{rﬁlc‘lsﬂémfl%ﬁﬂgl?ealfeﬁlﬂéteéfby INGTEAFINE Pedofreasing e Ibahdr i t es
al so decr eagrg otk b tHRIEtRE et vl | i conti nues,
with certain solutes $gch Zs esalyt@?ueﬁﬁiél%g)ﬁgtaleefg%ﬁ%%{ld%@g?%yﬁp reaches a

eut ecti ¢ codeedriticaireeringfiohtvelnoaiea), anéby s¢l6AidEjand benatrufidOsr aiween t he

dendrites then solidifies, reaching the conplete or substantially
conplete, or solid, dendritic state. This state is a matri x of the

dendritic(9@3s)cr mieals@tﬂﬁﬂfr%ﬁérﬁlifﬁtés@ﬂa)s&gp@ﬁ@& ﬂa’i’t & BEESSE LGod déhet ween
those dendritic ice crystals. Sone solutes (for exanple, carbohydrates) do

not form eutltempsratue gsadieny alongythadgndritesmlhe dleadendrige atay refer trthst al | i ze

betV\eenthleéﬁg' .Gyl d he. gl,assy state.. rotect a

bi ophar maceut] caF)irﬁpllre gdgh{gfte 9%{1%‘%120 ghelilr ms‘?%af?’r%’ aé'ieﬁ’(agggl&a{})’ tﬁ%ﬁgc@ess
det ri ment al ofhf'enkshy par"ar bi‘ophphasaeend, 62, aRRiRENS bf ddNIREE idd Gydtge
crystals are descriped fu ther in R Wsniewski, Devel opi ng Large-Scal e

Cr yopr eser vEEPYRS BrS@HA Phase betvssh dhomc Alithe dips oBtherdsadritesit aldre

6):50-56 ¢ B R WSS K] tion of Cells,
Col i Compotente “and B sar o 2adelioafach el URBEARGE YRR 01 oop)

al | of whi cldendpite l¢ngtl apbihaselidified eians byay febrartenfient. e erE=RRJARYE 2007

liquid between the dendrites also decreases with nearness to the cold wall. As

cryocooling continues, with certain solutes such as salts, the solute concentration

reaches a eutectic concentration and temperature .

(0036)  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 1 1(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.
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(0037) An inventive apparatus designed to utilize the above understandi ngs
is showmn in FIG 1, which shows a bi opharmaceutical material 9 FEBRUARY 2007
cryopreservati on systemaccording to the present invention.

Bi ophar maceutical material cryopreservation system 100 conprises a
freezing system 102, a container, such as a flexible sterile container

104, a cryocooling enclosure 106 with an interior cavity 108,

bi opharnmaceutical materials 110, a control system 112, a cryorefrigeration
system 1 n : : [ 18, .8 cryocool ant
out put f¥ ?%%9128%92%?%%%’%%5 d%ggﬁy&;ﬁgﬁl?g{hﬁadgg%ﬁ%epﬁé@é’ %arlsfti c freezing
front 126, shoendr Fi@sl, W8ch shotwvs mbiophnrmarestion aratek B cryaptsdrosins 132. (0038)
Structurall é%t flexi gl e stﬁri | e container_.104 is disposed w thin cryocooling

1
encl osure FEECMPAFUGUEILLRT BESURIV PRI 8P BacHERA ARG 1, but nore or
fewer cavictydpeestPBitioh sPstemQ08 compM&s af fRILEING sy SFBNE028% SonfihdH ﬂlCPQ?&lSCOpe of
the invention., For convenience, Interior cavity 108 w 1"be’ Teterred to
herei n w t Hlexgfesterileecontringr €84, alcrydoaling apdosauge 06tvith @8 intédmeweity t he one

or nore inteLior cavities be iin.a for ot her.than a tapered slot.

Al so, shoul@%i 10 lgarﬂ}aag?l% gﬁﬁg’)‘{ﬁegﬁfAE?’eaa(’soém%@'si?gbLé’taflweftnﬁgrédﬂ%\r maceut i cal
materi al crsysipmelSel ¥ahdd@ps porsl m,rhis%?co@ldﬁh ihp@TRlw €8, lald-RRoolamtuslic N9
tapered slots 108 coul d be added. an_exanpl e, a_ bi opharmaceut’ cal

mat eri al crilpidl ararrecoskng 23 anplidmagd 134, gidgndritjsefresting ot d2ui t i es 108
woul d have twi.ce i [oF i ophar maceutical materi al
cryopreservdg %ph%§s¥¥§%ﬁl ﬁgﬁ%gvﬁilz}r?yﬁ?@&%gl?# it were desired to reduce
the capacity of biopharmaceutical material cryopreservation system 100, it
is possi?&#o reduce { he nhlinber_ of tapered, slots 108. The m ni num nunber
of t aper d80&)ot Stitsauralydlexitigsterils copainenhisi disposed wibincayspaling| ot 108.
(0039) | 1 ahoREBAGORE Mhrdd iRkl e TobSrEHRLA NG Auk okd 7iklbred P i of
to being enployed in cryopreservation or cryoprocessing O

bi ophar maceaviticall 08Htegrdnal, swo,dowordnorg, 4re withén theaset ofitivvimmérition, For €. ,
flexible sterile container 104 1 e-sterilized. If it is desiraple to
mai ntain stcé)P?'?rF?VeoF‘%?rhoé “BY? hd;rs‘ﬁ'ﬁ@?eetﬁe%e@ﬁp t?ré’?r@m ‘éﬂtg referensrdo %Z#:'éc]e'ssi ng,
appropri at & gyepasd sPPS0SUBLwWberhe 6hy 86mbt iHtHPBE EMENs BBl laabien of

pre-sterilized flexible sterile container 104. ]
other than a tapered slot. Also, should 1t be desirable to increase the capacity of

&=

biopharmaceutical material cryopreservation system 100, additional cavities
including tapered slots 108 could be added. As an example, a biopharmaceutical
material cryopreservation system 100 with six tapered slot cavities 108 would have
roughly twice the capacity of the biopharmaceutical material cryopreservation
system 100 shown in FIG. 1. If it were desired to reduce the capacity of
biopharmaceutical material cryopreservation system 100, it is possible to reduce the
number of tapered slots 108. The minimum number of tapered slots 108 according

to the invention is one tapered slot 108.

(0039)  In an embodiment flexible sterile container 104 is sterilized prior to being
employed in cryopreservation or cryoprocessing of biopharmaceutical materials
according to the present invention, i.e., flexible sterile container 104 is pre-sterilized.
If it is desirable to maintain sterility of the biopharmaceutical materials during
processing, appropriate precautions must be observed in subsequent manipulation of

pre-sterilized flexible sterile container 104.
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11 9 FEBRUARY 2007 (0040) Flexible sterile container 104 is conprised of a
bi oconpati ble polyneric material to pronote rel ative conpati bid FRBRWARN 2007
bi opharmaceutical materials 110 and to avoid undesirabl e | eaching of
conmponents fromflexible sterile container 104 into biopharnmaceuti cal
materials 110. In the context of this application, bioconpatible nmaterial
characteristics involve benign interaction with biopharnaceutical materi al
110 such that the structure, activity and efficacy of biopharnaceuti cal
materials 110 are not negatively inpacted and any vi abl e bi opharmaceuti cal
materials 110, such as cellular and tissue products, are not exposed to

toxic ef f@oyg. Subtivlelsterhé e6sampet 1M@coﬂ941§'éail°dﬂa%l a'n%l a&%ﬁ%&l@ the scope
of the present invention conprise ethylene- viny ate yner,

et hyl ene- viml§terig|te prrmote sglatiysenmpatibility Mﬂxdaﬁcbpln@rmmeh‘yd:aé meaterigiol Wedndy | ene,

Pl yur ot hanglS oM EE R A AR Renst B e SR edanGr Ot dbonat e
that conprbisghaimeceationenatéfhé 1)0. Stremhb h&n&h@@lﬂhk @;t)]ﬂ&aﬁ&h W6c gfaum%”t ai ns
bi opharmaceutical naterials 110. In an enbodi nen har maceut 1 cal

mat eri al s TnfeHghrharspisristies lpV@b’@bﬁllg@mﬁQrMm Mﬂpbmpharmabcinmal mttedals, ani no
d | ut d | ut
For mut at + onat® R el R it inc BT RE bRBRAR AR meleial 10

for mul at i onee notedgeticelp épacsal zu:tdahlyslmbw&bphmeadlcﬁﬂhméhals'IQOSsucﬁ)h@ ogi cal
hi ol ogi cal cell fragment suspensions (including cell

[
g(raganelsrzg enﬁi‘ﬂ@?é’i‘d tissup PRIt nans a9t eposeriniiexin stipptat Svitable hisgpmpatible
menbr anes), %&l&ﬁéﬁ@mﬁfeﬁgﬁ%&lﬁn%&s&%gé bee Rre%@‘rlt mf&%ﬁ ggl&fxgﬁsé éltﬁ?l%ns i ons,

bi ol ogi cal tissues 1 n solutlion ans "ol ution,
cel | growt hvmﬂohcat,ates@pu}mmdn; ehylgheaing) albdlmbdo;miyxdm@b&ytettﬂfl&&ﬂfeﬁ@ﬂdn@n

solutions, fer tation brot culture fl ui svmth and w t hout
cells, mi xt%‘ﬁ%’%ﬁﬂ?neﬁ R8®§§}8Vep§lﬁ@nlﬂ%6&9kyéﬁr%ﬂ%neérﬂ? vyl GPFQWt s. (0042)
Fl exi bl e St dlinkretha Myt poIy ey kdforRY, a\ﬁarcbfpdlﬁnéllszﬁu}?cﬁ@s QEY flate a wide
range of biophar maceutical naterial volunes. | exi ble ster e cont ai ner

104  vari escqmprisg the abovenmy be necessary to vary the size of tapered slot
108 so as to

(0041)  Sterile flexible container 104 contains biopharmaceutical materials 110. In
an embodiment, biopharmaceutical materials 110 may comprise protein solutions,
protein formulations, amino acid solutions, amino acid formulations, peptide
solutions, peptide formulations, DNA solutions, DNA formulations, RNA solutions,
RNA formulations, nucleic acid solutions, nucleic acid formulations, biological cell
suspensions, biological cell fragment suspensions (including cell organelles, nuclei,
inclusion bodies, membrane proteins, and/or membranes), tissue fragments
suspensions, cell aggregates suspensions, biological tissues in solution, organs in
solution, embryos in solution, cell growth media, serum, biologicals, blood products,
preservation solutions, fermentation broths, and cell culture fluids with and without

cells, mixtures of the above and biocatalysts and their fragments.

(0042)  Flexible sterile container 104 may vary in size and may accommodate a wide
range of biopharmaceutical material volumes. As flexible sterile container 104
varies in size, it may be necessary to vary the size of tapered slot 108 so as to

accommodate flexible sterile container 104. One the other hand, tapered slot 108

12



accommodate flexible sterile container 104. One the other hand, tapered
slot 108 12 9 FEBRUARY 2007 mmy accommopdate flexible steril e 9REBRUARY 2007
104 of different heights, and thus different volunes. The size of tapered
slot 108 may be determ ned using conventional techniques. In a preferred
enbodi nent, flexible sterile container 104 has a volunetric capacity in a
range from approxinmately 20 nilliliters to approximtely 1000 liters, and
nore preferably in a range fromapproximtely 500 milliliters to

appr oxi mat gl gc'égrrﬁﬂotd%{?%ex bk ﬁ{iﬁl% D RfalneSs P(hecgfecﬁffgrﬁnt €] une& ﬁ flexible

sterile container 104 has a vo UITEtI' I'C Capaclt

appr oxi mat dhfferﬁﬁlmcmrhés I THeesize of apepe Dot lrmtlﬁzi}yb&&gﬂeﬂﬂﬁddl dshﬁger s, from
appr oxi mat el iter to a%om mately 20 liters, or fromapproxi mately

0.5 mlljl FPéYf'émPBa‘ tehmiayses i g ertsd eﬂl}hOéu%ent(%@t; stefilopsioatamer 404 cal
material s 11319a%fﬂ?ﬁétﬁ@c%%ﬁﬂn@%ﬁgé%ém n@?&g{u‘n fe %Or gﬁlzlltltg%t front 126 and

dendrites 128. Tenperature ‘sensor one or nore points
on an out erapslm"iraa:telyolfOOO dipres, @dd share pledeablyuin thaige fRenssrotistitgipybe be

| ocated on ner sur.fa aper d. slot 108 or could be integral to
t apered sl 5?1?1[15 S T ApRgY I, %"2&@/ IS n&éte%flvmeéeateﬁ@mhoéua@mro| system
112 or cryaresfvlé QefiRtdoRRined YOI RAY dddtuRbutft &Eé@?@rﬂtﬂ&%e?ﬁ ot Particular

| ocation. Through the use of one or nore rature sensors 130 and the
princi pl es a@PquHéatnb'dBﬂQamlldﬁersttchepnremnmt@ly 60@ rml‘hhtdns (f;dmaapfﬁﬁﬂtﬁatﬂﬁl

I be d . Accordingly,
Control syddi P ar Y tare et endy Sisilioreul ate o

t enper at ur eppioxith@plyarovagast i cal materi aI s 110 to regulate the freezing or
thawing thereof. I n another enbodi nent, tenperature sensor 130 may be
| ocated within hoses 132 which receive the cryocool ant such that the

tomper at {72 ¢ ¢ 2o BRABLIRGEH th TR PO TSN IR P el et "
t enper at ur dr@¢n36rnd déhdnitys 108. [leapechting semsoy C3OManbe Dithdtat by he@ and
crycool ant input flow 118 such that g}tdlfference t her ebet ween may be

utilized t®°HET 8P AR RBtef Fisfece blapsted siotdP8 i Brikesr seasas U8 P cqpld be located

on an inner surface of tapered slot 108 or could be integral to tapered slot 108.
Sensor 130 may provide an indication to control system 112 or cryorefrigeration
system 114 of a temperature at a particular location. Through the use of one or more
temperature sensors 130 and the principles of thermodynamics, the temperature of
biopharmaceutical material 110 may be determined at a given point in time.
Accordingly, control system 112 and cryorefrigeration system 114 may regulate a
temperature of biopharmaceutical materials 110 to regulate the freezing or thawing
thereof. In another embodiment, temperature sensor 130 may be located within
hoses 132 which receive the cryocoolant such that the temperature of
biopharmaceutical materials 110 may be regulated based on temperature differences
detected in the crycoolant. For example, temperature sensor 130 may be placed in
crycoolant output flow 120 and crycoolant input flow 118 such that a difference
therebetween may be utilized to determine the temperature of biopharmaceutical
materials 110 and therefore desired regulation of the flow and/or temperature of the
crycoolant. Temperature sensor 130 may comprise a thermocouple, a thermistor, an
RTD, or other conventional temperature sensing devices suitable for use in a

cryogenic environment. In an alternative embodiment, temperature sensor 130 may
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materials 110 and therefore desired regul ation of the flow and/or
tenperature of the <crycoolant. Tenperature sensor 130 may commEBRU@RYsz
t hernocouple, a thermstor, an RTD, or other conventional tenperature
sensing devices suitable for use in a cryogenic environnent. In an
alternative enbodi ment, tenperature sensor 130 may 13 9 FEBRUARY 2007 be
di sposed outside flexible sterile container 104 and nay be a tenperature
renot e sensing devi ce such as, for exanple, an infrared tenperature sensing

devi ce. 04, ess. be. an ic port and may permt
i ntroducti g’ﬁ c@%pos'fj é‘g %&?ﬁ? Ftséﬁ%ﬂ%tﬁlé‘ﬂ 5‘?@”%1‘63‘3{ E‘? Btefmlé?)k?tme)ée@?@r ile
cont ai ner 35@1451@@ dWlE&ﬁI@%' foRlexarhple PNARIREE 't@dl}%ibtuf@steﬁ&hé'déwéelo from

flexible sterile container 104. In alternative enbodi nents, port 116 nay
i nclude one or nore of each of the follow ng types of ports filling

ports, g ports onts, sa orts, additi enperature
neasur i ngﬁé Jl)t s ‘%f%ssap%ﬁ\fﬁépfé’c})eé’ﬂﬁﬁe@%ﬂﬂ%@gﬁﬁx l%fi“?? 1gtr Cg’ﬁ &% i p),

spect r oscopigpiREmhidgficalasefaR 120 et ABAbRAA:Ae ChitaeP] ®f & RIS Ment
conprising a tip capped with a clear or transparent |ens to accommodate,

e.g., a fi B@@phaptm@eutlspleraaﬁeaglédéﬂ &ropy bayéble steritmcantainerdl04d dmelitarndtivef r eezi ng

front sensi ritic f front. s S|n pr obe
ports, portgrg(foggrgglg% %g{(gﬁlg tllﬁé%ﬁ?orglgﬁ% c”(Z}O?g’ ot?)ﬁ?)‘ﬁné c?f‘Pgd and
ot hers. Porgortb1fllimporiscémigeying s, eh? ports kaaplaky pyorepaddiéal e to a st em
(not shown) on container 104 such that when cap 117 is renoved, fluid

communi cat | BMPEsAINE MBSHHREPOTEEN 7 Picksrred embedimernt casmprping e capped it ai ner
104. Alter [ ri or of
comi ai ner Rt Eeknic R Hent bRl UO AU SR ddh A LR iphng
preferably aaﬁlepappcdp’uth apleanmytrdmpmrhamtcabdoymuoalmd: ed:.j ofibdreptipper surface
of flexible container 1[%)4 and rr& %)ro.rt de .ang extend into flexible
sterile conPEFHREIORKAIOPS, OHAR OB %/?r‘Tﬂ ngri ‘ﬁ SCAHPR o8t Se“tg’é‘ﬁﬂ’é?l%ﬁ)ﬂ'}“éass’g’r‘fsor
aseptic pordendafic TReNAR Itk kohsGRURbIRD IR, ;%&}% tRE&ImpbidiaeRc@kal flexible
sterile container 104 may all ow passage of an interior tenperature sensor

216 that ditedpetyvipeersel ekectrpdes; andeythess. Penthéé arayrinclode draphdr naceut i cal
material s

detachably connectable to a stem (not shown) on container 104 such that when cap
117 is removed, fluid communication exists between the interior and the exterior of
container 104. Alternatively, port 116 could protrude and extend into the interior of

container 104.

(0045)  In alternative embodiments, supplemental ports, preferably aseptic ports,
may be mechanically coupled to the upper surface of flexible container 104 and may
protrude and extend into flexible sterile container 104. In one example, an interior
temperature sensor aseptic port 230 mechanically coupled to the upper surface of
flexible sterile container 104 may allow passage of an interior temperature sensor
216 that directly measures the internal temperature of biopharmaceutical materials
110 at a point within container 104, as depicted in FIGS. 4 and 5. A supplemental
port 204 and/or supplemental port 206 may also be included to provide additional
passage for temperature sensors or for access to the interior of container 104. Such
ports may protrude and extend into flexible container 104 or may merely provide
fluid communication between the interior and exterior of container 104 without

protruding and extending into the interior of the container.
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110 at a point within container 104, as depicted in FIGS. 4 and 5. A

suppl emental port 204 and/or supplenental port 206 may al so BeFEBRUANH¥Q00D
provi de additional passage for tenperature sensors or for access to the
interior of container 104. Such ports may protrude and extend into

flexi ble container 104 or may nerely provide fluid conmmunication between
the interior and exterior of container 104 w thout protruding and
extending into the interior of the container. 14 9 FEBRUARY 2007 (0046)

Fl exi bl e sterile container 104 exhibits structural flexibility. Structural
flexibility means that walls of erxibIe sterile container 104 def or m under

the stati C(00 a?rlf@éxﬂpb QR (RESH 1 t?gtlr\%]ltﬁal 1l§1ﬁ Day It%dc%ﬂlbl e sterile

cont ai ner ternative enbodi men! cont ai ner 104
ranges in shhpﬂ)ilaydnesm that wald of ﬂé)ablasteﬁte (ﬁintam&rflt)@ﬂeﬁnﬁﬁﬁﬁiwﬁﬂhb e@tieont ai ner

V\/mchcanb @fgb or while enp C{g(&&ﬁ@b itself. However, in |ieu
of a flexi b plchipp @r%?ﬁ“é‘f’ﬂé‘rlate%\alﬁ i”}ji e FﬁﬁterﬂPQP@a@Shﬂ% rI@r may be
used. Such aueQBtial AfbodBYnts o%&alﬁ{)qwﬁ%kgﬁl sh\éﬁt G n Jexible

aqikgé?bl%r
wal I s and can be stored in co ape sorre of its
own shape wicharagteristics fiom asuﬁbwellafd chnnhmeypéucmtmd)la foldnd,maiwiikiempty s shape

when enpty ang/ or def or. art Y .9 nly n.fi d with rodut (i.e., it
possesses suPfe‘ed ¥1tfqlg‘>?<‘l|{§‘fvf‘f°ﬁ}n é?éwggx E)eﬁt‘ﬁ e@?VS’é‘S’glalrfﬁj {BY- shape) .
It is desirphd ContHAVEHEY be hdN&VEh §USIaReERRY RInBE Frofa Qtﬂffél @Eﬁ%ﬂe to be
received within the interior cavity of cryocooling enclosure (0047)

An advant agevigeh hasdligxiile walle pnd @alt‘@ﬂﬁt%ﬁeﬁelr cq!tansqd§hap@ butmmight mapitaini ¢ of

conformngt e act eri. tICIS of
signifi cancesgfnr?h&léla%ll h% ‘}’ﬁgn ém tyConatlgc]fe réﬁl B(pteng'ﬁé Ca%B%aé‘% ABitSi ty
bet ween f|e>shb;b£wﬁéreérh1bt§ an@/n tefonas pditld ocaRtwhal«HI0wEh Eiodﬂ;@ﬁ(ae'rhe hi gher

the quality and repeatability of the thermal contact tween flexible
sterile contRestrsrestulficiany flexiSdiude adapt torthg cryppeolinggyallsshansd. Itis

Cryopr eser vk ehhRlaRREERudi 28 519@:%"61"21%% JBIR T E@élvedl hJ.Py depends,

cryopreservation system 100. The dendritic freezi ng front ve
anong ot herinfeaiot oraty o nrfveatlird mlo&medtﬁ)& n turn depends upon the quality
of the thernal

(0047)  An advantage of flexible sterile container 104 is its characteristic of
conforming to the shape of tapered slot 108. This characteristic is of significance in
promoting thermal contact quality and repeatability between flexible sterile
container 104 and tapered slot 108. The higher the quality and repeatability of the
thermal contact between flexible sterile container 104 and tapered slot 108, the
better the cryopreservation perforimance of biopharmaceutical material
cryopreservation system 100. The dendritic freezing front velocity depends, among
other factors, on heat flux which in turn depends upon the quality of the thermal
contact. The thermal contact between the wall of flexible sterile container 104 and
tapered slot 108 depends upon the amount of air, with its thermally insulating
properties, that is present in any gap between the wall of flexible sterile
container 104 and tapered slot 108. Accordingly, pressing the wall of flexible sterile
container 104 against tapered slot 108 may serve to improve the quality and
repeatability of thermal contact. Thermal contact quality and repeatability may be
enhanced in a variety of ways, including imparting a slight internal pressure to

flexible sterile container 104, for example through use of an inert gas blanket.
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contact. The thermal contact between the wall of flexible sterile container
104 and tapered slot 108 depends upon the amount of air, wth FEBRUARY 2007
thermally insulating properties, that is present in any gap between the
wal | of flexible sterile container 104 and tapered slot 108. Accordingly,
pressing the wall of flexible sterile container 104 against tapered sl ot
108 may serve to inprove the quality and repeatability of thermal contact.
Thermal contact quality and repeatability may be enhanced in a. variety of

ways, including i.npartin slight jnternal .pressure to flexible sterile
cont ai ner 18 ?l%ﬁh?a&aaﬁ‘ﬁ%@??lﬁ}‘ bgg%a{?gé’nd?pﬁ PHRIE steglescoptaingrdf4, thes r 9

FEBRUARY 206kEssin tfcdatehsaitlex bl RbidiRleofiheP 04, el 4y LOP of flexible
sterile container 104, thus pressing the contents o Xible sterile

cont ai ner 1@apharmaceiticabmatesialsyil 6 pipaimshihe vralls af flexiblersteallscdntdperalgs, nst t he
wal I's of flexihle.sterile contaikner 104,.. and thereh hancj ng t her mal
contact qua rﬁ@e%?k g © e%}ecér{gefﬁ?rma;l §9m§‘%@|uhlé‘iy a&& é%é@ﬁg’#h%r@ﬁi Peagesed.
(0048) In amagabederneed., flexible sterile container 104 may be fol ded for

storage or transportation and unfolded prior to being used for
cryopreservation or cryoprocessing according to the present invention. In

a related di 4 s..coupl to flexible sterile
cont ai ner(@ggp msni;ﬁa %ﬁ(ﬁ?ﬁ?‘%ﬁm\?gt? ?lg%llg Pef@%?‘%&%“’%?g" ﬁﬂ‘e‘?ﬂb}i’q ﬁﬁf’%tfgr YY@8Pfat e t he
f ol di ng andtramspottaiiorgaraf wifbldxd ptier totbetnglged iicajopesset@dorprd may be fol ded

together with flexible sterile container 104. In one exanple, interior

t enper at ur eCY8ROSFSSE Fccomling te|thgspresent myention. dnajelatediembediment; anydi sposed
in the subgdanti 3 i ' Lid€.container 104. In
thi s embodi Sohi Paft YRR oFexiP efils cobfaer i T ekhif GG et Of

| ongi t udi naflexibilay emfpcilitste theaolditgapkwrdolding fdlesible pailt c3@@inen U0aR

ddi ti onal t] t to flexible, steri] taiper 104. (0049
B eesi g sy SREmET0LRR ieHee BBt dmitle peCrtatiingt 304 clryisk arimpdr Gt Syst o
114 and onetediper@ife JeREMRPoAI0EFREN SN 55 30infEKBRZNA% S¥SLHnlfg 1S

substantially-central area of flexible sterile container 104. In this embodiment,

flexible sterile container 104 may be folded longitudinally, along interior

temperature sensor port 230 and any additional aseptic ports coupled to flexible

sterile container 104.

(0049)  Freezing system 102 comprises control system 112, cryorefrigeration
system 114 and one or more temperature sensors 130. Freezing system 102 is
removably coupled to flexible sterile container 104 via tapered slot 108. Freezing
system 102 is thermally coupled to biopharmaceutical materials 110 via flexible
sterile container 104 and tapered slot 108. Control system 112 is coupled to one or
more temperature sensors 130 and to cryorefrigeration system 114. In an
embodiment, control system 112 and cryorefrigeration system 114 are located
outside cryocooling enclosure 106 and are coupled to it. In an alternative
embodiment, cryocooling control system 112 may be disposed inside cryocooling

enclosure 106, but outside flexible sterile container 104.

(0050)  Cryorefrigeration system 114 comprises cryocoolant input flow 118 and

cryocoolant output flow 120, both of which are coupled to cryocooling enclosure
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removably coupled to flexible sterile container 104 via tapered slot 108.
Freezing system 102 is thermally coupl ed to bi opharmaceuti cal9 FEBRUARY 007
110 via flexible sterile container 104 and tapered slot 108. Control
system 112 is coupled to one or nore tenperature sensors 130 and to
cryorefrigeration system 114. In an enbodi nent, control system 112 and
cryorefrigeration system 114 are | ocated outside cryocooling enclosure 106
and are coupled to it. In an alternative enbodinment, cryocooling control

tem 112 be . di d_insid ling .enclosure 106, but outsid
floxi bl e stiP Merebg solpting crypipgesdisbpyarpdddvieyasecbne spdonms 196
conpri ses oTy6alinanciobRe 106 LoMphded lc%@oolﬁﬁt{mQ%%tlisé H}Q&@@R@R&gé- 20,

both of which are coupled to cryocooli'ng enclosure 2007
106, t her ey biephprmanguiieal oratdrialybilatGreooding eactodird 106 isconstyatabdo 139

encl osure Crvocool | encl osur.e. 106 conpyi.ses, cryqgcool ant 2, which
is thernal f‘gq%%%ﬁy@%""?‘i‘%qg? Shh s dstion past ]i‘gﬂ“iless%ﬁﬁ .Co’éﬂ?ﬁroﬁf“l ng

encl osure Mfough heSRSIBRUGH BbiR& edbodintent (1 sREWREPPIANY, AR@of N @ series
fashi on past each flexible sterile container 104 through hoses 132. In

anot her enbdHeseelant § Abmay thewarfprnegd ica payallef fashionpastflestdostanle 122 may be

performed i parall L on t flexi sterile. container 104. In an
enbodinent,&%@§%%3§%3§%mg%%Qﬁﬁgmggﬁ%Pﬁggmgﬁ?SSW”HFW@Fwa§§é§OHFbg??FcularIy
ef fective wpenicukely affedeve Waercedd uh@aw feead flbivadaitions UL GidsillcbeOR&t heat
transfer fluid, alcohol, freons, polyethylene glycol, freezing salty brines
(e.g., Cac1t1‘arl§fqrﬁ§efjo,,alc@h0§, figonsd PRlyethplsan elycel, Seeting raltnkrings é.2t 6p6k ed sl ot

108 may i nc r‘ﬂg:@) : . [ i . i hcl ude one
or nore heaﬂt) exéﬁgﬁagi? ) e?ﬁ qﬁ@%%%%g%%’ t%gélje?régﬁfl P@W Hg%ﬁ%%%ooges 132
to such coinsrelgataaséercodhéasgvioch mhpaicludg ont of herd ket ekclangérebilsur f aces

and t hereby.freezin r thﬁvm' 8& t]i ocgha ceutliéca materials 110 in

cont ai ner 18WOCRRIP R mnTlay Hitgueh hdss L0 U Constgrcap 1B o5 yr f aces of
t apered sl ohealil§ offEié 11@&@&1%?@:%@&%5@ﬁlef&t@%eeﬁhg'o?aﬁmﬁ%n percent (10%
of a total outer surface area of container 104 wth the heat transfer

surfaces cobiopkarmagewical maistialsilip yn enatadegyt] 045 Fwthert icaetleir eeampledthbei ng
preferabl €. heat transfer surfaces of tapered slot 108 may be configured to contact at least ten

percent (10%) of a total outer surface area of container 104 with the heat transfer
surfaces contacting at least fifty percent (50%) of container 104 being preferable.
Most preferably, the heat transfer surface may contact at least seventy-five percent
(75%) of the outer surface area of the container. Also, tapered slot 108 could
include a first heat transfer surface configured to contact a first surface area of
container 104 and a second heat transfer surface configured to contact a second
surface area of container 104. The first surface area may be opposite the second
surface area and the total surface area of the first surface area and the second surface
area could contact at least ten percent (10%) of the total outer surface of container
104. Preferably the first surface area and second surface area contact at least fifty
percent (50%) of the outer surface of container 104, and most preferably the first and
second surface area contact at least seventy-five percent (75%) of the outer surface
of container 104. Also, the container may be flexible and adapted to conform to the

shape of the interior cavity of the cryocooling enclosure.
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Most preferably, the heat transfer surface may contact at |east
seventy-five percent (75% of the outer surface area of the OFEBRUKRY 2007
Al so, tapered slot 108 could include a first heat transfer surface.
configured to contact a first surface area of container 104 and a second
heat transfer surface configured to contact a second surface area of
container 104. The first surface area may be opposite the second surface
area and the total surface area of the first surface area and the second

sur face c cont ac | eas ercent of the. total outer
surface cf%@jnt gﬂ}qeqlem?gﬁao%&?glg%i 1 Fic?%sfr“%‘f?g[is%é%maﬁ’(@épr&ﬁ& second
surface ar gge 190t Rop. %elf@e%acmotag}xs caﬁ{rﬁ&g&m(c%g?{%l At ﬁfegﬁngug surface of

cont ai ner 104, and st preferably the first secon ace area
cont act at Higdwtmawwvtcdlyadtenas pethoethe comaifer, afcluduag tetvelocity (i acgowdf

t ai 104 oL t .be. bl d d t f
SO he CShdpe of dmlunt KR PRIRRT S 6y thin Pirph ey betish HgeHARIGRg. 37 o
FEBRUARY 200, %9 3bhroklifarelyerRillii s heaRfl RepBIc EehOZ PhGAN r uct ed

so as to corrprl se a feedback | oop. The'f | oop 1S constructed to
control t heef hewdiased o feedbankhinformation froml onewtr exaratesnperativiersendoes Bdnt ai ner
including the velocity (i.e., gromh rate) of dendritic freezing front
126, within biopharmaceutical materials 110, in a range from approxi mately

S5 mllimgpessy peh dpetitiohCeradRheraRdEdy¥teRPO 4oblsith® ntdrial ORimdOUr based on
f eedback information fromone or nore tenperature sensors 130. (0052) In

oper at i on, @Y9eeeling ppdewre d06 by sarepying heat domsthatwlime e Ag &ty arefiigenation

cryorofri gan SRt Emob oY sl EAbIb SR 1 0 Bmpetiiure

cryorefri ge I'on  system renoves
encl osur e li@6ide th@coelimpesnaiosue 106riait datsiieylerihdd sterjle @ontaiiet 1 04 dédbedses.

outside flexible sterile contai 4 decreases. aresult, a
t enper at ur eAﬁiaé‘?fPE‘nQ W@Wﬁrﬁg?‘&@éﬁe]@PVWﬁw O%Q’iﬂl\'r@%uﬁ‘él“m&ut si de
flexi bl e stgpihe neppi-aditiak cdRdinkk 0l B lﬂﬁd&&w&m}lgggclsaﬁé 954/5&1 th@6 and the

war mer vol une of biopharnmaceutical materials a result of this
t enper at ur ewagreadiobmoe ofrdplvenacadich] matebhle 138.eAs haemitrotf dlhin éampe@atugger i t s

heat to be f . t V. fr

heat to be SAANANIRA peARLORSbESIHE LAGERr 1AHerhls RETRYBE el eq
across its surfaces, heat is removed from biopharmaceutical materials 110, thereby
cryocooling biopharmaceutical materials 110. Consequently, cryorefrigeration

system 114 indirectly cools biopharmaceutical materials 110.

(0053)  Cryorefrigeration system 114 feeds cryocoolant 122 into cryocooling
enclosure 106 through cryocoolant input flow 118. Cryorefrigeration system 114
recirculates cryocoolant 122 through cryocooling enclosure 106 by removing
cryocoolant 122 through cryocoolant recirculator 120. Ina preferréd embodiment,
when biopharmaceutical materials 110 are being cooled down, the temperature of
cryocoolant 122 fed by cryorefrigeration system 114 into cryocooling enclosure 106
through cryocoolant input flow 118 is lower than the temperature of cryocoolant 122
removed through cryocoolant recirculator 120. Consequently, in this embodiment,
cryorefrigeration system 114 processes cryocoolant 122 to decrease its temperature

before feeding it back into cryocooling enclosure 106.
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cryocool i ng bi opharmaceutical materials 110. Consequently,
cryorefrigeration system 114 indirectly cools bi opharmaceut i Ga'EBRIU&RY 20087
110. (0053) Cryorefrigeration system 114 feeds cryocool ant 122 into
cryocooling enclosure 106 through cryocool ant input flow 118.
Cryorefrigeration system 114 recircul ates cryocool ant 122 through
cryocooling enclosure 106 by renoving cryocoolant 122 through cryocool ant
recirculator 120. In a preferred enbodi nent, when bi opharmaceuti cal

material s ar e, bei cool ed down, the tepperature of, cryocool ant 122
fed by cr 9‘2#5%? ri ;é ?rgg?r%tWtS¥WTﬂ44i°ﬁ? alteriheragomddrestien sivkish s t hr ough
cryocool ant +d ; i I . r r . cool ant 122
renoved thr })éu %t%éo?(l)%%%l%{hgcee%?%lﬁ %‘%}%PS ill%vaggogﬁgg%ée*ﬁﬁ&?y"%% hi s
enbodi ment , tempeyatmedf difigeméinl mtwepstreponotihdt Iofed SsterwicyeldnodRMsude2R6t 0
decrease its_tenperatur before. feeding it back into cryocooling enclosure
106. 18 9 FE%%?G?@W@G@?@G&@BW @W&F@Fg@g@r% Qshres\Ié: @rkvialieringheal ter the
rate and di ¢R6hi GRichtritoshint [18 it eFRRLEE Wirbud o &R@ﬂg%ﬁ&&%}é g@é. pejerials
e"differentia

110 varies by either nodifying the tenperatur et ween
cryocool ant pieferrédembodiment, yhen blophgmencitoslmateiidB 118mad: wiypfiondnant 122

renmoved from cryocooling enclqsure 106, or by altering the, rate at which
cryocool ant chfef_}éfaéﬁ%ﬁ?%zg?%ltaﬁ? qﬁ’r‘ﬁp Hacgpf}l,%gétqr%s _Llr(r)eglag EIHE™ I n a
preferred eghaeinmgatincreies titaRpahies@aticaahl BB @hscodbdt ferAghag
frozen, to 1ncrease the freezi nga(irate of bi opharnmaceutical materials 110,

cryor ef ri gecttdcopling graleswre 106 and biephstsacehiical enateriads Li0bydfufther eooling|

bet ween cry I j ' ncl,osure. 106 and

bi ophar rracegtg%aﬁw%)gj gdl‘%lt g?g ff%%?%ﬁ%%%ﬁ%%& Eirrne(fzji e‘lﬂ’é’a}%“e yocool ant 122.

|124an ﬁ! ter mﬁydﬁuﬁigre&lti@h&tjiTtaﬁgaflelafilﬁ'tév@ﬁﬁmﬂhﬁ@gﬁa_ ' e t1by erray:mtiiﬁj‘nrgitﬂﬁfe?i 'eﬁamm%t _yslt em
achi eves .t he s oal by nmmintainin e tenperature differentia

bet ween cry ?fF‘é“ﬁrp% © ecﬂy‘?cﬁ?]&mclr%;zo'gﬁ (%P R osprRinessictoswried 0988d cryocool ant

122 renoved dy QBbEhY PEPRINMIEd BRI QSHERLAL EndlBGha M | A
i ncreasi ng tch}Fe rate at which it réggi rcull gtrés cr yog%g?cggf#e&g&tlﬁggat?gh
cryocool i ng ingngdins thegate@6 Whichiiherieagatagerybsodiang 22 direughherpogioling

cryorefri gere%uog\rllresl)b%tb%mng'r%g's'ing its flow rate through cryorefrigeration system 114.

(0055)  In an embodiment, cryocoolant 122 flow rate is increased, and the outlet
temperature of cryocoolant 122 is decreased. This arrangement serves to lower a
mean temperature of cryocoolant 122 (with the mean being the mean of the inlet and
outlet temperatures) and thus provides a higher driving force (mean temperature
difference between the biopharmaceutical material 110 and the mean temperature
(inlet-outlet) of cryocoolant 122) for freezing and increases the dendritic freezing
front velocity. Higher cryocoolant flow rate also increases the heat transfer
coefficient on the cryocoolant 122 side of tapered slot 108, thus increasing the heat
flux withdrawn from biopharmaceutical material 110, further increasing the

dendritic freezing front velocity.

(0056)  In an alternative preferred embodiment, when biopharmaceutical
materials 110 are being cooled down, to increase or decrease the freezing rate of
biopharmaceutical materials 110, cryorefrigeration system 114 decreases the

temperature differential between cryocoolant 122 fed into cryocooling enclosure 106
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(0055) In an enbodi nent., cryocoolant 122 flowrate is increased, and the
outlet tenperature of cryocoolant 122 is decreased. This arr 3rEEBRUVARY 2007
serves to lower a nean tenperature of cryocoolant 122 (with the nean being
the nean of the inlet and outlet tenperatures) and thus provides a higher
driving force (nean tenperature difference between the bi opharnmaceuti cal
material 110 and the nean tenperature (inlet-outlet) of cryocoolant 122)
for freezi ng and increases the dendritic freezing front velocity. Hi gher
cryocool ant, .l ow ra%m ?&?o i ncr gases t he heat transfer _coefficient on the
cryocool ant and sEyocoglany, Lemaved @F‘b?ry'i%%’lmgﬁﬁ%lo‘m%ﬂ%@ fgreaimghbat 1 ux

Wi t hdr awn fanitinbp WIRENREEHI idedh cfs%%lhﬁ‘ﬂ 12%1% ah HftdSve! 191%&8% t?ﬁe& he
dendritic freezing front velocity. I'n an alternative

enbodi nent enwlmélﬁnmtoQWY@eraE@amrcwstelthemalatmsﬂh@tmi;&rdme riifferontiAd dovvn to

i ncrease on, I 8238 t he f rate 0 h ceutical materials 110,
cryorefriger gtg%gncr Oéanti%g%ﬁie@g’ecﬁ%cé’o %enctl%"ﬁlﬁ% gﬁﬁé%@?’@?bmz al

bet ween cr)temooédiﬁbmlca ofRfling Rh€lo§ify 900 RhdhAGRNE RUARY
2007 and cr ocool ant ?22 rg%m}eg 1r om crgocool’lJrlltgﬁglﬁle%%gg%%%fgegtgg

decr easi ng Tel§at Swcinit regjroplatesteryacoelont k2 gh lcwcmdhgmclb'a’lﬁe 106 bgn
alternativ di nent fri rat| pn system 114
mai ntai ns t glee!ta%hg Cq%%“(ﬁ ?st r%éﬁf’ qwg cﬂ@f%@é ’}5’%&6‘? EL © 122 fed into :

cryocooling encl osure 106 and cryocool ant 122 renoved from cryocooling

encl osure ég% hanged, . but decreases or increases the rate at which it
reci rcoul d0&)cr 3‘8@6‘&“&?& dimont, by, veriing the %&@Fﬂt‘i\rﬁ@féwc’mﬁmﬂd%@ﬁﬂwate

dect o211 @NiPE9aS T 09 i RERL LA BHOIECYALG D) SRTLOMEY =t om 114

(0057) In an enbodinment, by varyin ure | ant 122 or
the rate mwmﬁtgwrairwwe@haht4 daARolsghe mte ofouryaioeling/heeinghoonaMaia®bf Ng

encl osure oref tem controls the rate of

- cryocool i né’/’?l? t’8? alltﬁg}?@f ﬁy‘%‘i‘ %P%%@E‘éu‘le}”@é{at%ﬁfé\siﬁd@ 110. In
this erTbOdld?ﬁﬁﬂhuodsQnﬁﬁ)hﬁb#értﬁe &ﬂﬁ%ﬁh‘ﬁur@%@bloﬁﬁﬁiﬂa@é{m&ﬁi HatZRA § 96 Snd N

tenperature of bi opharmaceutical materials and transmts that

i nf or mat i ofransmats fat anfosmaiiermiolcpatrol system bll2t én aatltereatéreradiodendnt,

multiple temperature sensors are disposed on and/or are integral to tapered slot 108
to measure the temperature of biopharmaceutical materials 110 at multiple locations.
These multiple temperature sensors can provide multiple inputs for the control
system which through a complex algorithm can precisely control the freezing rate,
by adjusting the cryocoolant 122 flow rate and temperature. Cryorefrigeration
system 114 measures the temperature of cryocoolant 122 as it enters and exits
cryocooling enclosure 106 and transmits that information to control system 112.
Control system 112 then directs cryorefrigeration system 114 to appropriately alter
the flow rate of cryocoolant 122. In another embodiment, interior temperature
sensor 216 or multiple temperature sensors 216 might be utilized to monitor the

temperature of biopharmaceutical material through port 230 or multiple ports 230
(FIGS. 4 and 5).

(0058)  In an embodiment, as cryocoolant 122 removes heat from flexible sterile
container 104, the temperature of biopharmaceutical materials 110 decreases.
Eventually, if this process continues for a sufficiently long period of time, a phase

transition may commence within biopharmaceutical materials 110 in the proximity
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mul tiple tenperature sensors are di sposed on and/or are integral to tapered
slot 108 to neasure the tenperature of biopharmaceutical nat erFEBRUARY 2807
multiple locations. These nultiple tenperature sensors can provide
multiple inputs for the control system which through a conplex algorithm
can precisely control the freezing rate, by adjusting the cryocool ant 122
flowrate and tenperature. Cryorefrigeration system 114 neasures the '
tenperature of cryocoolant 122 as it enters and exits cryocooling

encl osure . i ' r Lon contrql system 112.

Cont rol systamaiyhinEem iRl SLRLIBhGRR |0 Al dempdtintt o

appr opr i at éligplalthaseuticdl endtértals t Hi eontifuasrty de@eisaNbiopRamaksutRAOt her
enbodi ment,_int %llg frtenperatﬂéig sensor 216 or nultiple tenperature

sensors 216%f fi4cand sq fodhe proximpieof the mudzass of Bexible sterile

bi ophar macewhiafiit 10RURLER piALGH Ll e ports 230 (FIGS. 4
and 5). (0058])&1 I'n an eﬁbg}t:lll)rrent , ggglﬂglﬁlésgégg ‘%&?%&%&eﬁ%ﬁ%@ t%ﬂa"éj%rom

f1 exi bl e stsaddaly noomtgintrethe bl vdlimee bEbippliamatautiehl Aheplarigaceut i cal
materials 110 decreases. Eventually, if this process continues for a
sufficiently long period of tinme, a phase transition may conmence W thin

bi ophar e s)i cafherpRéseid abentiohbonhsies REMICRIG0h £ G ERERUARY 2007 of the
. e

external surfaces of flexible sterile contalner enper at ure of
bi ophar macéemperairaef Wepharmagaticelonatenale $1Q vadee repsmtubiod phperedaieut i cal

material s 1 Lidify | h roximty of the surfaces of

f I exible stltjadr%i {h_é?e% AL Al n(zt(r)cq?f&’f)yaplhg?%?fﬁh‘g?h&fﬁ&‘?%er%t&qQf mass 124, with
dendritic foiegmhngeebtiematettal 191 AHEAINbYIEDYRntita® ctifet R kKesy BLisaR Of

bi opharmaceutical material 110. (0059) The present invention conprises a

f eedback | G8pSe HASIrEEEGATHodYe pecdbedknipep tratieentuils thie cphperamoeoefitheait
material's Ll§qvi@ cﬁlgiﬁgtt(g.rmgﬁq}elé&& s s%r@ LS ge & %%?ﬁ‘]é‘%ﬁ&l&i}gfe ft enperature of

cryocool ant 122 or irect tenperature o &aid, fieer i al
111. For i ngtmamortrolde pusiitle ofitle frabing dlonBrwitlie ahy t6R&A6¢IocalddSn R

constructed _as fo have a feedba | ogp that controls the tenperature of the
air insi decagwgg%églFﬁS{ee6?r. g%égiﬂ(eﬁ,s Aasloqatign o theyregtairer pfithirthgocool ant . | n

t hi s regar csabinkt érl dBest freezer, number of containers within the cabinet or chest freezer,

geometry of the container, wall thickness of the container, material of construction
of the container, and so on combine to make practical control of the freezing front

within the container difficult or impossible.

(0060)  In contrast, the present invention is capable of controlling the rate of
dendritic freezing front 126 velocity within biopharmaceutical materials 110 through
feedback temperature information regarding biopharmaceutical materials 110 from

~ one or more temperatures sensors 130 (FIGS. 1 and 2) and/or one or more interior
temperature sensors 216 (FIGS. 4 and 5). This feedback loop permits more precise
control of heat removal from biopharmaceutical materials 1 10, and facilitates control
of the dendritic freezing front 126 velocity to within the recited ranges. Variables
such as location within cryocooling enclosure 106, wall thickness of flexible sterile
contamner 104, thermal resistance between flexible sterile container 104, and tapered

slot 108, etc., are automatically taken into account through the feedback loop.
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or no control is possible of the freezing fronts within any containers

| ocated in the cabinet or chest freezer. Variables such as | =RBRUARY 200
container within the cabinet or chest freezer, nunber of containers within
t he cabinet or chest freezer, geonetry of the container, wall thickness of
the container, material of construction of the container, and so on

conbi ne to nake practical control of the freezing front wthin the
container difficult or inpossible. (0060) In contrast, the present

i nvention, apabl e.of . control | i the rate of dendritic freezing front
126 vel od?PGhi t RERTHIC R AMSLERN (128 separesbiatamaanyticHotigrials f dedback

t enper at ur epde @ BEBS1IdANads Q93 [ qup&g [ . eh | - 110 from one
or nore te%eratures se?lssors %Béﬁ)gteg?c%@y an @1%%%&2@%}8}%&%
interior tibepsbyaredusingereotiddi@ddintéf4e8in Whizhdehdrited M Sarkgeghiagk Akoop

permts norg precise. control of heat renuoval from bi opharmceuti cal
material s 1116‘61?reéﬂ%vafggmotp%haégm&%? ate%‘l‘sﬁl KL cordmyes dredriticdissazing front 126

vel oci ty 1 ofrht InigudvBiees 8hbf Adnt BRRRr sHRCUPITERibI G B3nb BRI 6QDS Vi L hi n
flexib e

cryocool ing enclosure 106, wall thickness of e sterl cont ai ner
104, t her maddditenal {igpid dionbaymaseufical mdterinlst K fréeze tdotalihenss (M, Iaad t aper ed

slot 108, e . ically.taken into accaunt thrqugh the feedback
| oop. 21 9 %ﬁgﬂ%@ %ﬁg%%%é’i‘j%&ﬁﬁﬁ fi?rtdt“%rc ?’F‘ﬂé%‘iﬂ%ﬁﬁo%%‘sé@par at es
bi ophar maceudlbgig} withtwhidhedenddifi0 fie ARE MonfB 6SflvhskegBSs 124 fromthe liquid

form of biopharmaceutical materials 110, thereby producing a solid-liquid
interface in which dendrites 128 are formng. As heat renoval from

biopharrmm'ca i LAY endritic.freezin front 126
advances avva? fr gnmgi?%rggé%g?t}é%rr {a%c%té “;o}#&fsl?eggllsﬁfrgo%e[de(r"ﬁl’ gleé'&?ﬁ?gﬁnf'?eﬁr'oni04, as
addi ti onal biogharthdoewjvhbmarrielstlil 0 aletemmires i) veldblt) of HERERIc fdRinGtdd Mass
124. In an di nent _of the pr ,sen% i nvention, the dendritic freezing
front vel oc}ﬁ/m @cnﬁ@telggqr%‘f? %raaneph.weqwbﬁehm@qu&wqﬂrre@znaig Hoard 126

advances. (8962)olhit 120 iLORRIHBE With thbEd Atvniad Fégf'%si%m%@% filbfh emoved (i.e.,

the heat flux) from biopharnmaceutical materia etermnes the
vel oci ty of bigphermacpéicel meterialy ¥lPothe velozBy oSileideitit fieetiepfional 26 eangreadi ent

bet ween bi OPMFdTEH%%Bﬁ@J)HiHE‘ﬂ?J tief’illk)gramrg of Qr(;focoolant 122.

(0063)  In apreferred embodiment, heat is removed from biopharmaceutical
materials 110 at a rate that promotes a substantially uniform advance of dendritic
freezing front 126 within substantially all volume of biopharmaceutical materials
110 or a substantially constant velocity of dendritic freezing front 128. Maintenance
of a substantially constant velocity of dendritic freezing front 126 within flexible
sterile container 104 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.

(0064)  FIG. 2 depicts a portion of biopharmaceutical material cryopreservation
system 100 depicted in FIG. 1. The interior cavity 108 is in the form of a tapered
slot 108 which in FIG. 2 possesses a taper angle 208. Taper angle 208 may vary
between 1 to 89 degrees, more preferably between about 75 to about 88 degrees.

Taper angle 208 may be fixed or, in certain embodiments, may be adjustable. The
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cryocool ant 122 is correlated with the rate at which heat is renoved from
bi opharnmaceutical materials 110, the velocity of dendritic fr@eEBRUARYIN07
. 126 can be <controlled by controlling the tenperature of cryocool ant 122.
(0063) In a preferred enbodi nent, heat is renoved from bi opharnaceutica
materials 110 at a rate that pronotes a substantially uniform advance of
dendritic freezing front 126 within substantially all vol une of

bi opharnaceutical naterials 110 or a substantially constant velocity of

dendritic f | 28, i_nt.enan of subst anti al | y const ant
vel ocity oftlélﬁengll%?et]ifn(rz.:‘??5 %geé?tﬁ%%raovr?tne%zc%erﬁ?spﬂ?ﬁr?ﬂeéﬁ‘? 7 telectoBdepends ont ai ner
104 accor di y@ntthe aomeoitioh ARN¢oneénttdios oifﬂié%&ﬂf@ﬂnéc%uﬁl@a?h{a@&t)aﬁ? F@.ecause it
provi des substanti al I}I% st eady-state conditions for undi sturbed dendritic

ih

ice cryst dxagHissmallen ppeanglesmay berusad fordighies bpbantaceitivel maiotield heat

transfer s YV o T o I Vol e, 064) FI.G. 2 depi.cts a
portion of Lkrboﬁlggﬁéart%{é%ﬁl%:taafge%a?gﬁlyescﬁ?yg‘%? 153 g??fgf’ BrPIORRAIMATHUISY depi ct ed
in FIG 1. Mheriaht@rceniratvay] Cynidiohsl mdthhubieal foMuiémafd aBREEE thel ot 108

which in FIG .2 possesses a taper angle 208. Taper angle Zﬁajé nmay vary
bet ween 1 t@sg@rh%%?‘éébd,e%@f @W@ﬁ&lﬁﬂ%ﬁ@b’\ﬁé@fﬁméb@macwqfdhlabout 88

degrees. T; . J I rtal.n _enmhodi nents, may be
adj ust abl e.lﬂgﬁlgl(%g%&%&ég %%g&éﬂtﬁgsgﬁa@% rg)%rsr%l;%inf)lé Héirogf{fst ed for a

vari ety of reasons. Taper angle sel ection depends upon the conposition and
concentraj, of _t bj,.oph ceuti.cal terial. For exanple, smaller

t aper angildggy)rmyFBIgﬁ?fshﬂ vfaglrrs %ﬁfaﬁﬁ’?ﬂ Sgltdgg B REe & complershane dilthough a
concent r at | @ngghtwdll B shawl o8 FIRRE theARsST tARYed8otUD i !

bi ophar maceut igcal mat eri al concentr at isons:g%CJeonvoent ?gﬁ‘%}? 1#%2%@& cal

mechani sms yentaes] wey bagurveé or haysimiltplestgmbnts of devesalHos exdmplaythe gides| ot
108 may used I of this, inventipn, in i ng positioning
screws, act%g?]%ﬁéb%lrsq%%g% ﬁ%rﬂrﬁﬁncr%’?/g %‘fe"?ﬁ éﬁfl‘;ﬁj’r‘fle*?‘)‘,ez é’an%FPF'SIrbf_
tapered sl ofhe Bafbodiyertawhere nolipleasgBbapor chvtNRYBRsent, ht kahattis M@l 1S
shown in FIG 2, the walls of tapered slot 108 according to the invention

may be curviyedhe sameangle veishevadepanssordhesmay dave differeatanaltsdfort he si de
example, one plate being at 75 deg and another at 80 deg). Also, the side cooling
walls of tapered slot 108 may be angled differently from one another as a whole,

creating an asymmetric tapered slot.

(0066)  In another embodiment, the entire tapered slot 108 could be angled with
respect to the vertical. In this embodiment, one wall of the tapered slot 108 would
freeze the "bottom" of flexible sterile container 104, and the other would freeze the
top. The top wall needs to be pressed against flexible sterile container 104 and
flexible sterile container 104 has to have a pocket on its upper surface to

accommodate a gas pocket (e.g., to have a head space).

(0067)  Tapered slot 108 may play multiple roles in freezing (and thawing) of
biopharmaceutical products 110 in flexible sterile container 104. It primarily serves
for heat removal during freezing and heat delivery during thawing. Tapered slot 108
facilitates stress-reducing controlled freezing by allowing a free product expansion
upwards during freezing. This is accomplished by the taper of tapered slot 108. As

biopharmaceutical product 110 freezes, the liquid aqueous phase will expand, by

23



cooling walls may be flat or concave/convex to induce specific freezing |,
patterns. In the enbodinents where nmultiple segnents or curV@SFEBRUARY 2007
present, the segnents nmay have the sane angle versus vertical axis, or
they may have different angles (for exanple, one plate being at 75 deg and
anot her at 80 deg). Also, the side cooling walls of tapered slot 108 may
be angled differently fromone another as a whole, <creating an asymetric
tapered slot. (0066) In another enbodinment, the entire tapered slot 108

coul d be angl ed vvlt? %V@ect o.th vertlcal In this enbodi nent, one wall
of the tapdhBirxmatelydd E’Irﬁa" the solid sipe Inybeebsance of Epergd pob108.eri | e

contai ner 1Qdic@ng hhﬁfﬁ 185 F’aélfnﬁﬁgr?a?s “Uamfg%ﬂ gﬂf‘a%l&%gd riigheeds to

be pressed against flexible sterl cont al ner exible sterile
cont ai ner 1fdeezesiromts hag epmoprdndmtano‘aher.tEhels@peckeswﬂlap&l swrouadidynodat e a

K . 067) T d slot 108 |
mai t oo r oogdHnassiidaad Ry BrearaiB ok R refeie cottapRal HoEau{rERuagP OBt s 110
in flexiblesjghehihd %ecﬁﬂé’cfr}%frﬁémﬂlgﬂtenic coRfaifBRn bk yloéaﬁrhgﬁgau%%on@?%gr enoval

during freezing and heat” delivery during thawn Tap
facilitat eswsltl pé §exiblechierila gonteiner K4 (ucdalek or ngsnhgulatd:d pnmtsmg tla: fr ee pr oduct

expansi on r fre S iS acco S

t apered sl o? ger%éhj bf%‘%%ﬁ%@ggﬂ(s@ ° splsEt ape S(ﬂe?cr}g épff ﬁgfgw d
aqueous phage selidllliqexniangfacey sudac8 fife AR 200 n tlﬁﬂﬁﬁ&séiaﬁ@isedoﬁle% y,10% to
reach the solid state. In the absence of tapered slot 1 ocket§ of

li qui d bi ophgat-saedusting glemantsinpeied ultsn@ qmsame@ (likd sehsarohsings. dendritic
freezing fronts 126 approach one anot her. These pockets of quui d
surrounded by solid mass 124 and/or the walls of sterile flexible

cont ai ner (0088) mapsfisesmliguial paekets bebselvafle firrogk, deoliigid podketsfdkpaidkimsst eri l e
contai ner 104, |ocal heat gains through the wal | of flexible sterile

cont ai ner 15‘&“("6%‘?853?%*00“ BF Sﬂ%@ﬁ%ﬁﬂ%ﬁ@ﬁ%@"@%tl‘t?fllcl.“!ffjepoctl,(é"ntTdPﬁw@?esﬁ\/al l,
sticking ouf,eRke ﬁh)m‘lﬁe @ffé&?dé’tﬁb\éﬁél to']ﬂg i ?&?lgal)lﬁateﬁﬁgp @)Blcﬁlgéﬁﬁgl of

the solid-liquid interfaces, surface free as int
space i s coeglsdan behremlmdonmmmgyeh@lrbm@stBBMcé@asmmnd af sdutesi ner (|ike

Sensor housl:lrl'bq]%é (may lead to precipitation later), as well as changing structure of ice crystals
under pressure. These effects may negatively affect biopharmaceutical materials
110 by the pressure alone, or may change the structure of solid mass 124 beyond the

intended controlled dendritic structure.

(0069)  In addition, such stress can lead to the situation when the external
(surrounding the liquid pocket) solid mass 124 cannot bear the stress ;«mymore and
cracks randomly (such randomness can be anticipated due to uncontrolled nature of
the liquid pocket formation). The 9% volume change can cause serious cracked
solid mass 124 displacements. The stress buildup and cracking of solid mass 124
may cause damage of biopharmaceutical materials in the already correctly frozen
solid mass 124, by damaging internal microstructures (cracking ice dendrites or

shearing glassy states with biopharmaceutical material 110 embedded in them).

(0070)  Random cracking of the solid mass 124 may also project forces on the walls
of flexible sterile container 104. The stress buildup and cracking may cause the

parts of solid mass 124 to displace and damage the wall of flexible sterile container
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(0068) As these |iquid pockets subsequently freeze, the liquid pockets
expand, thus increasing stress on the solid mass 124 surroundiFEBRIERY 2007
liquid pocket. This stress can cause nmultiple effects detrinental to

bi ophannaceutical materials 110: biological cells can be ruptured,
proteins may unfold, the solubility of gases and of solutes change (may
lead to precipitation later), as well as changing structure of ice crystals
under pressure. These effects may negatively affect biopharmaceuti cal

terial 0, by t.h | one, h he structure of solid
rass. 124 bAJbAFPENGRE PRV SRG S SHORS B RAAF PREOLbS Heten BEied060) | n
addi tion, gieMkcs! DARmgE 8 theRdd 6f AdRhISsibHRI AR §D4 h@gégs’ﬁit% nal

(surrounding the liquird pocket) solid nass 124 cannot he stress

anynor e andrakegeakslossad ommtym{rsition or sdafatersdy ofihiopkarantéuticpiat ed due t o
: uncontrollgd na 53} f the liquid pocket formation). The 9% vol une change

can cause s}aaﬁrbaus icked solid mass 124 displ acenents. The stress buil dup

and cracking of solid mass 124 nmay cause damage of bi opharmaceuti cal
materials in the already correctly frozen solid mass 124, by danagi ng
i nt er nal (A7) ostihgactionsf thetanek oftppeied slot hof fluring fyeezinglieto ooty assy st at es

wi th bi oph } | d edded i.n the 0070) Random
cracki ngpo? Bﬁg%ﬁg%br%g%ﬁ&ff%tﬁé&%a&% 1%? gﬁe%%ﬂ’g %8?%%36 SHPIP?] Rl Is  of
flexible stpothtefirsont the bettorhf tagEhed it 08 ABuehdiif Raing!frsid 7% May cause

the parts of solid mass 124 to di spl ace and damage the wall of flexible
sterile coRPHiEto2RPI9apiaRg pether gy hiquidipaphasmpenigicalgnaienals hiD aeacks

progress a@ﬁvm%ﬁlgﬁls %Bta%egﬁstptglpﬁg{egei%ﬁ{hM@ rs{.eﬁ,et cgdlnﬁa%lxe?q%ll agﬁrrageqe to the

wal I's of flexible sterile con may resu eakage ahd | oss, or
cont am nat igemerally hostsapped a5 Buidiopkead bdtweqrhdendeide titeb£ing fronmtle6 oal (s) 110.

(0071) The action of. .t taper .of taper s]ot. 108 during freezing is to
pronot e bSFSF‘Hh?’iS’pWF‘P%Bfﬁ?‘IPg: 'StFHPetCI‘?f‘EaB?f f (g‘ht i"othl,s "EPé’nEﬁPF’ieHélolt ARBIdHERSf r ont s
126 appr oati QiberadTAiqlR! pddkE@tfofed HRrebdte pRiidhe kaREIEMicHOfeet . AS
dendritic freezing fronts 126

Stress-reducing freezing may therefore be considered to be freezing wherein the

number of liquid pockets formed, leading to subsequent expansion and stress, is zero

for large liquid pockets (i.e., pockets above 10% of the freezing volume), and less

than 5 for small liquid pockets (i.e., liquid pockets that are 10% or less of the

freezing volume).

(0072)  To promote bottom-up freezing, a temperature gradient having a vertical
component can be developed in the walls of tapered slot 108. This can be
accomplished in a variety of ways. For instance, cryocooling fluid 122 could be
introduced at the bottom of cryocooling enclosure 106 and leave at the top. Other
embodiments include manipulation of heat transfer coefficients; with higher values
at the bottom of the walls of tapered slot 108 and lower values at the top. This
provides for different heat fluxes at the top and the bottom of tapered slot 108 and
the resulting heat flux gradient induces bottom-up freezing, i.e., stress-reducing

freezing.

| (0073)  Tapered slot 108 also supports flexible sterile container 104, providing a

template for the final shape of flexible sterile container 104 that it assumes after it is
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continue to approach one another, any liquid biophannaceutical materials
110 are driven upwards into a headspace present in flexible StFEBREARY 2007
container 104, and are generally not trapped as |iquid pockets between
dendritic freezing fronts 126 or elsewhere within flexible sterile
container 104. In this way, tapered slot 108 reduces the nunber of liquid
pockets fornmed, therefore providing stress-reducing freezing.
Stress-reducing freezing may therefore be considered to be freezing wherein

h L | . :
trese. 1 onual sib RO HE apeic g Uhleny, HAP Molfle RRer e R a0 of {ne
freezing vdesie)dimemsionsesisich tiedmpdrtdm foisfi@dzingl i AHMigoRaEHabS fhilye. . |iquid
pockets that are 10% f)r I s}ss of the freezing volune). (0072) %’o pr onot e
bottom up PFPYELRREEdS Ottéﬂgé aPEadesaa9pd thermalgomgach dueta the hyydrostatiponent  can

be devel opggsiife HREBMRLLS; ; . .Jhis can be. accanplished in
a variety gf vaays. For Oilnrsoglféhﬁgg?ﬁ%‘r%ggéiélgh S%ég%ﬁ? F?Jrir&amﬁg&c‘gﬁlllsdorﬁ%?h nt r oduced
at the bot walls of tapergdchliDBg encl osure 106 and | eave at the top. O her

enbodi nents i nclude mani pul ati on of heat transfer coefficients; wth higher

values at the bottomof the walls of tapered slot 108 and | ower val ues at

h . (@ LB e i bibeak: Aloathe, $0p. gnd the b
the top. @higp %ﬁﬁgbﬂﬁﬁ nitdtihg sfﬁé}&u@%f%} %J ﬁ%ﬁajﬁeg ﬁtg f% t f’,g &g)g@g& e bottom

of tapered slot 108 and the resulting hea bott om up
freezing, Btaeeorgondsen ardiorintagralfte epeziedglot ( 08 78) thiscquebRlimsehtpdnelf}8 al so

supports flexible sterile co i ner 104, oviding a .tenplate for the
fi ﬁ& shap&'%t gﬁpee}iﬂt%ﬁeege’éi"é? ﬁ‘gsemt %{P%&ﬁ% %&%Sitp lﬁig‘%ﬁﬁ? atddr it is

25 9 FEBRUABYiR®Qisapbbarhfst d‘ﬂtﬁ@li@tﬁ@gﬂ&’é? viIfasntTa@tpSéﬁféeﬂ%a}géﬁrsyot%ﬁpes

flexible sterile container 104 to the slot dinensions are 1 nportant
for freezi Al comdaigeiskids Jaguehprreerhbadipentatne e, morggenpetasirosent@s 1a0so

provi des a -her. e, todthe h ostati,c ressure

di stributi gﬁ@;& rg%‘%n@%ﬁgﬁv%%ﬁgﬁ gﬁotuft ﬂééjl}(dlr%llcgo&f gﬁ"&é r%STﬁnQifH'é‘ﬁ‘%ﬁs f&Mts ont o
t he wall sobthetfeqaibaedlospot 108. (0074) Tenperature nonitoring of flexible
sterile container 104 nmay be perforned

(0075)  FIGS. 3A-B show several views of tapered slot biopharmaceutical material

cryopreservation system 300.

(0076)  F1G. 3A shows that, while the height 302, slab length 304, and taper angle

306 may be kept constant, linear scale up can be achieved by increasing the number

of tapered slots. This concept has also been discussed above.

(0077)  FIG. 3B exhibits another manner of achieving linear scale up. Again, height
302, slab length 304, and taper angle 306 may be kept constant. In this embodiment,
once the optimum dimensions and freezing front velocity are defined, the "z"
dimension can be increased or decreased to linearly increase or decrease the freezing
volume of the system. For example, tapered slot 310 having a z dimension of 1/2z
has one-fourth of the volume of tapered slot 312, and 1/8th the volume of tapered
slot 316, which has a z dimension of 4z. The volume scales linearly, as for example
seen in tapered slot 314, wherein tapered slot 314 has a z dimension of 3, compared
to tapered slot 316's z dimension of 4. Accordingly, tapered slot 314 has twenty-five

percent less volume than tapered slot 316.
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at one or points on and/or integral to tapered slot 108. In this

enbodi nent, one or nore tenperature sensors 130 serves, anbon@ KEBRUARY 2007
functions, to indicate the end of freezing (di sappearance of the liquid
phase) via contact between tapered slot 108 and container 104. In such an
enbodi nent, one or nore tenperature sensors 130 thus provides information
about dendritic front growh rate, and functions as a part of the feedback
| oop. (0075) FIGS. 3A-B show several views of tapered sl ot

bi opharmaceutical material cryopreservation system 300. (0076) FIG 3A
shows that, while the height 302, slab length 304, and taper angle 306 may
be kept c ant i S58h I i i e nunber
of tapere@ngl)ot sI.nd"ISh’lntgéglgncept%v grgﬁzi;cpzg%l%?%b@:({%ﬁ%&ﬁg%g@g@%&?7) FI G
3B exhi bi t grepartibeto thermegth of thectesey, iwidleImaimtaimiscihk ganip codAggisarfadeei ght

302, slab length 304, d taﬁfr angl.e ﬁoa may be kept constant. In this
enbodi ment , CUBHREIEHE-FHE P H e Bes R féﬁ?iz‘ﬁ*g@é’i guaiptgiedy dpdg ty are
defined, t " g i i VRS d i rliy
i ncrease olr@{ éeer%}héa;gieﬂf?ﬁlzﬂlgﬁ%tg?iaﬁtgﬁetsgﬁ {IITE o?de;’)%g"géfsngg%%%&%%o%%l e,
t aper ed sl onatgtidlshprocesgesolzdifferenhsialermayf beldeRizned hased na-cholimg systefnst he vol une

of tapered slot 312, and 1 /8th the vplume, of tapered slot 316, ich has
a z di mensi ‘81‘:‘981“5???0“1??883}6?@%0%%?8?'5@“3 forfhe ppym I?SSTSCQ_!(H’H%I@ a‘ggen in
tapered sl ojhapd 4f thefeen®iner! aPRELHap sBlall FdthnkA%s dvell H1ABOSIRAMOHiIB. conpar ed
to tapered slot 316's z dinmension of 4. Accordingly, tapered slot 314 has

t went y- f i vehavgsiaidarthermal historigsand henretthgreuality of the parigct 1ady @nREBRUARY 2007
(0078) In u Qm% r \ capacity of the cooling systemmy be
changed in c}?‘%ﬁ%ﬁ%ﬁon 880?% ﬁ%élﬁgth of the vessel, while maintaining the
sanme cooling surface tenperature, i.e., the heat flux per unit of surface
area nmay 2090 inéai ned. TqQq the extent that different |ength containers may
be nade, @94 u_Wﬁj’ﬂi‘qré’%}hﬂdéPe’ﬁo‘In?]ﬁ*Eh Q,"'X1l?’rﬁ§fé¥1]eé1_°§'§alw-‘i)% Hersntof di fferent
scale may DRIdREt 6Pt RAASH sOfle CRRK B S U roaiiol 16, GRVTER, aspect ratio
corresponding to the optimum cross-sectional size an

additional flexibility. For example, a sampling bag of the same cross-sectional

geometry but containing only a fraction of the volume can be frozeh close to the
process bag. Once frozen, the sample bag may be removed, and the contents
analyzed. A sample frozen and thawed in the sampling bag will have identical

thermal history to the product processed in the corresponding large-scale bag.

(0080)  Additional flexibility is also provided by the possibility to freeze in a given
cooling plate assembly, a bag of smaller z length than the one allowed by the plate
dimensions. In this situation, the bag can be placed between two insulation pads in

the center of the plates to minimize end effects.
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shape of the container. In this way, small volunes as well as |arge vol unes
will  have simlar thermal histories and hence the quality of JtREBRUARYQD07
may remain constant regardl ess of the scale. (0079) In another enbodi nent,
multiple flexible sterile containers of different volunes can be used to
store, freeze and thaw the production |lot, providing additional
flexibility. For exanple, a sanpling bag of the sane cross-sectional _
geonetry but containing only a fraction of the volunme can be frozen cl ose
to the process bag. Once frozen, the sanple bag may be renoved, and the
contents Eamaplkzled. A sanple frozen and thawed in the sanpling bag wll
have identical thermal history to the product processed in the ,
correspondi ng | arge-scal e bag. (0080) Additional flexibility is also

provi ded WS?)he Pbe fallowing gxamplé ilbusirates s scaleyiny esing actdbi apgraacht Eheslsenbl y, a
bag of smal]er,.z length an the gne_.allowed by the plaje dinensions. In
this situat 4‘38%{“ 17 ﬁ%n%aﬁlé’ lgz;(ﬁnf)gs B’FQ&&H”B’&%&H Ai‘wg?ﬂa Volpme,mgeEase, ¢ he
center of tRechkddEby teedihdind BRaldd) drifdedth® 10 &h &} SEBRINR or@hérs. Exanpl e
1: (0081) The follow ng exanple illustrates a scale-up using a slab
approach. THhbe Beeging timend fieszipg raje arptmaintaingdhat censtangvaluess t he hei ght, 40
cm A 40-scale volune increase is achieved by freezing in a parallel
arrangement 10 cmor 42 cm|ong confTABIdE 4. The freezing tine and freezing
rate are nmmintai ned at constant values. TABLE 1 Scal e-up factor 1 4 20 40
Volume (L) 5 20 100 200 Container length (cm 10 42 20 417 Nbr of 42 cm
| engt h Cont ai rdealsup.f26tot 5 10 (0082) HI G 44ill uWr at es4®@ bi ophar maceuti cal
mat eri al cryog;éﬁserv tion system 200 according to the present invention,
whi ch i's subst9H¥P&lMY sinmiiar to bi ophar rdeut il®8 net® i al

cryopreservat i S¥SeRd edn) except thgt 1njgrion, 417

Nbr of 42 cm length Containers 0.25 1 5 10

(0082)  FIG. 4 illustrates a biopharmaceutical material cryopreservation system 200
according to the present invention, which is substantially similar to
biopharmaceutical material cryopreservation system 100, except that interior

temperature port 230 and interior temperature sensor 216 are substituted for

temperature sensor 130.

(0083)  FIG. 5 shows a portion of a biopharmaceutical material cryopreservation
system 300 according to the present invention. Biopharmaceutical material
cryopreservation system 300 comprises flexible sterile container 104, tapered slot
108, biopharmaceutical materials 110, interior temperature sensor 216, cryocoolant
122, solid mass 124, dendritic freezing front 126, dendrites 128, interior temperature
sensor port 230, second temperature sensor 204, third temperature sensor 206, and

taper angle 208.
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tenperature port 230 and interior tenperature sensor 216 are substituted
for "tenperature sensor 130. (0083) FIG 5 shows a portion of 9FEBRUARY 2007
bi ophar maceuti cal material cryopreservation system 300 according to the
present invention. Biopharmaceutical material cryopreservation system 300
conprises flexible sterile container 104, tapered slot 108,

bi ophar maceutical materials 110, interior tenperature sensor 216,
cryocool ant 122, solid mass 124, dendritic freezing front 126, dendrites
128, interior tenperature sensor port 230, second tenperature sensor 204,
third tem ur @@% ; EBRUARY 2007

- (0084) Tm% anggie%n?%ﬁ%gg%%r irzg&ﬁ%? Ibt)d'?gp ngrc %ﬁggle%tg ’Eeg% mat eri al

cryopr eser velyppmsesyaticanysem 3&0 isuhbttantinllykinyilas tonthhtzof Bioplidimbceatical

Bi ophar maceutj cal nmat erigl cr oBrf ervatitgn s%/stem 200, except that second
t enper at ur eMEERELFY SFFSCIVARR RICRY @eﬁ’ff&?‘a A sscendriemperabee sansoidWsent |
Second t enpgidthitd Serfi } t tﬁf‘e{}% rve to
provide information géggﬂltie %%é?%mfarr&e zeilgér% s@%ﬁ?&fﬁf&a an g%oéét%ta‘ﬁ(g

t enper at ur ethifiddeinperature sansex 2 seryretopenddeinfamation st walving fréeatngexanpl e,

second te rature _sensor, 204 and third t erature sensor 206 may be

pl aced of ][rp ﬁﬂ@t @grﬁnérﬁgf’}\teﬂl? e.rﬁr.’e;r%ﬂ%ﬁ%‘gﬂlt&% exisisiernendiculan tp ’gﬁ@’%l | of

flexible sFefdxafiple)8écindeémpédture MAE& J0DAR MR &ﬁg@ﬁﬁﬁ_& E&ﬁ F.ﬁ%%ﬁ{xf "
I on the ?ree2| g front

arranged in array may provide detailed infornatio

noverent anbe Blacedeff thegsatesling ¢.g- chehvi¢enrths contertineansk the weil. of Aegiblee c t

gr adi ent regadi. erforned with a multiple oi nt. .tenperature sensor
or using nu?tg}f%%gﬁ@iehﬁggp‘g}' li}frl%res JI¥ioJemperatlre SERSqTs aggged 4n agr Y In an

embodi ment , providel detaled eafdimationsy thedredsing BohOMEverhidht bfld b MRAERpsthRire SENSOT
206 | ocated near the wall of flexible sterile container 104, second

t enper at ure224EREJR troproducty A diredt igrrdinng reading cap berpetfermed| withod miuktiplé bl e
il i t i pe.
2115 Conh ey R M R AL

Second t enpeér at ur nperature.’ Se rve to

nonitor a tenperature gradient in solid mass 124, whereas the centerline

sensor w I( &08’.5 P d fnagne erE'x gdirenrt]agt, %uliilgl%erggd&gg's n;l;gfeberzg afglll'gvssq third temperature
sensor 206 located near the wall of flexible sterile container 104, second temperature
sensor 204 at a certain distance from the wall of flexible sterile container 104, and
temperature sensor 116 at the centerline. Second temperature sensor 204 and third ;

temperature sensor 206 serve to monitor a temperature gradient in solid mass 124,

whereas the centerline sensor will indicate the end of freezing. The measured

temperature gradient in solid mass 124 is related to the freezing front velocity and

thus can be used by the control system. Since the dendritic growth is controlled By

the heat flux/front velocity, thus the measured temperature gradient can be used to

control the dendritic growth. More than two temperature sensors arranged in array

may provide detailed information on the freezing front movement and on the

temperature gradients in the product.
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tenperature gradient-in solid mass 124 is related to the freezing front

vel ocity and thus can be used by the control system Since tOe&EBRUKRY 2007
gromh is controlled by the heat flux/front velocity, thus the neasured
tenperature gradient can be used to control the dendritic gromh. Mre
than two tenperature sensors arranged in array nmay provide detailed
information on the freezing front novenent and on the tenperature
gradients in the product. 29 9 FEBRUARY 2007 (0086) It will be evident to
one skilled in the art fromthe above description that the interior cavity
108 and/ nt ag . ] riet f differe shapes
includingwggg ng¥Qﬁ?#%gggﬁgg£gﬁgsgg@aﬂggﬁg&ﬁ@?¥ﬁ”@§P%%§?¥E@W?“%%ﬁ%ﬁal; as
vel | as véaniepios cavitybiO8ainiion Sohtaitiet 004 cobll BxRMREE 0Ph vt bf Qiffesaii ty 108

having a cubicle s ,ap% is illustrated in FIG 6 along with container 104
havi ng a cof'fRSI8 B‘ﬁ‘g UL IHFEC%Wan‘élcaIAF@@P%Jncxlm'délcglxmmaé, asovelldsner 104
and/ or cavi.y: i t | I c ant 122 i

cryocool i ng&%lr?é?g%%aﬁ% tgésxrelﬁfé ese;((:' H‘géegfeﬁﬁéﬂ&(rz gg%é\%ng@ l}ivgl_g aP(é‘{bé‘fq?

Appl i cat i orsh8pe isdllustatedif/FRG36 hRfhg with duptditer 104 hewing aicdgespondig descri bed

herein as fl exibl.e co‘rAtlai ners, the_containers rrg/y be made of a sem- rigid
or rigid metubrGle phapeo Also, anthisexamplecanisineyi 194 aae/ior pavitynkdf mastbe n i ts shape
and/ or st ang. i l; Y : fi kd i . . '

bi ophar rracgmltjt#g%:%mﬁgstégr]% g%%%%g@e%ﬁgg gwbgﬁgﬁhgloglgﬁl%g !&%fs eé%rmegiuﬁer

coul d i ncl uzheosmebltShPatent Applicdtian SerialdN 1088631126 plAdthbugh theldsniatigrsvhi ch

coul d be nmade ,of .o(i et hyl ene .ar the, Ii&\e. (0087) Further, it wll be |
apparent td"t Agetoe %l‘? e_B%a"ﬁ tﬂe"t‘ﬁé CORAUEHatC GANPBEES MR MReaef HFiand '
variations &g opgigMQteﬁgl_tm XEABRS §§5ﬁ"’1§%}?9§“§1¥5 gre g{qgsor o.m 4 SpLs, systens

and net hods of the present invention wth eparti e spirit or
scope of t hand/enstandiuprby itelfswhen empty iand whele filledwithaHsopmenaceuticalvent i on
covers the rrﬁgei.%i C ti60ns and v riati.ons, of tt.hi S ipv.en‘ti on &r}o.\/i ded t hey
come wi t hi N aFRE" SEHFEHe P 8“‘%&)%388'&?‘%?%9 fipergoyld inghide acfptaiebnt 5. 30
similar to a standard plastic milk jug which could be made of polyethylene or the
like.

(0087)  Further, it will be apparent to those skilled in the art that various
modifications and variations can be made in the cryopreservation system
components, systems and methods of the present invention without departing from

~ the spirit or scope of the invention. Thus, it is intended that the present invention
covers the modifications and varijations of this invention provided they come within

the scope of the appended claims and their equivalents.
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9 FEBRUARY 2007 In the Cains: 1. A biopharmaceutical cryopreservation
system conprising: a container having an outer surface area, SFREBRUNRYRROE"
adapted to contain a biopharnmaceutical material for freezing and thaw ng
therein, a cryocooling enclosure having an interior cavity configured to
receive said container; at |east one heat transfer surface within said
cryocooling enclosure configured to contact the outer surface area of said
cont ai ner when said cryocooling enclosure interior cavity receives said
container; a cryocooler thermally coupled to said cryocooling encl osure and
configuré&tbb(nﬂuﬂﬁw a fluid to said at | east one heat transfer surface to
control the tenperature of said at |east one heat transfer surface and

bi ophar naceuti.cal g@%ﬁﬁ;al within said container, said fluid being

i sol ated fromlont AMACHURG, Py PREFervallonSysiemfogHsisigasor t her mal |y

coupled to at Jd@asin?Mavik adufbr GhfReedal c&ﬁ&ih&sérgaﬁtedzgk%;cgﬁlal east one
heat transfer surface, said fluid, and said cyrocoolef. Z. e system of
clai m | Wherhatmacsutiepl seaterial Sor freczmgand shavdngthesds, at | east ten percent
(10% of the tot ter surface .area. of. said container. 3. The system of
cl ai m 2 wher eiancrgéaclogyu&%te%@o%"ﬁ? ﬁﬁvdﬁg gﬁglgerg)a ﬁ%\pwscgghgpreﬁéggqcewpisg@y per cent
(50% of coatathek;ot al outer surface area of said container. 4. The system of
claim 3 wherein said outer surface area conprises at |east seventy-five
percent (75% 3ableastung heat tansgastseyfaceuvithin said cymcoslingenglosoretcanfigured 5. The
syst em of l i ] .ar rface area conprises first
surface ar ggﬂgér?c}ﬁea%g%sgkgmg ljﬂreg ggg&grc 8%%ngﬁ‘gﬁ%%a?‘gfqog§qlﬂlg§?°$§‘§§t one heat
t ransf er intriof eavity cesgivesseid confaiiesf heat transfer surface configured to
contact said first surface area and a, second heat transfer surface

configured to ABMROITS: fﬂ@;&@@\*&&%tﬂ%@@@g gaclosurEaR pmYigaedto 6. | The
syst em offi&k RNt WaRI R 1&hsB M hdat frisf Wfra% 8o @5%1%&%‘6:9&&1%%? 04 at

least one heat transfer surface and biopharmaceutical material within said container,

said fluid being isolated from contacting said container;
a temperature sensor thermally coupled to at least one of said cryocooling

enclosure, said at least one heat transfer surface, said fluid, and said cyrocooler.

2. The system of claim 1 wherein said outer surface area comprises at least

ten percent (10%) of the total outer surface area of said container.

3. The system of claim 2 wherein said outer surface area comprises at least

fifty percent (50%) of said total outer surface area of said container.

4. The system of claim 3 wherein said outer surface area comprises at least

seventy-five percent (75%) of said total outer surface area of said container.

5. The system of claim 1 wherein said outer surface area comprises a first
surface area and a second surface area, and wherein said at least one heat transfer
surface comprises a first heat transfer surface configured to contact said first surface

area and a second heat transfer surface configured to contact said second surface area.
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surface area conprise at |east ten percent (109 of the total outer surface
-of said container. 7. The systemof claim5 wherein said firStFEBRUARY 2007
area and said second surface area conprise at least fifty percent (50% of
the total outer surface of said container. 8. The systemof claimb5
wherein said first surface area and said second surface area conprise at

| east seventy-five percent (75% of the total outer surface of said
container. 9. The systemof claim5 wherein said first surface area is

opposite saidg secongd @%ﬁpﬁ%lﬁ{ﬁw?%gi%%ﬁ%yﬁﬁ g%geagla@%%{ijseé@ﬂﬁr ein said

container is flexible and conforns ape of sai eérior cavity of
sai d cyr sudade arep enmepriceiat teastten peickht(d0%) ofiths sotal outéraptfaceafsald i cal

material wherein said at |east one heat transfer surface contacts said
outer sufP¥@¥hrea. 11. The systemof claim 10 wherein the outer surface
area of said container conprises at |east ten percent (10% of the total:
surface area of said container. 12. The system of claim 11 wherein said
cont ai ner has 7a t apdeeystemosfslaiges wherin skl firfhairfags teemand saitiaécondl wher ei n

"t or or S yeE ot RioraC8hy Prget GPRLof B el Py Sipalitne. oy et om

of cl ai mgdgtaiegr ei n said outer surface area conprises at |east ten percent
(10% of the total surface area of said container. 32 9 FEBRUARY 2007 15.
The system of claim 13 wherein said outer surface area conprises at |east

()Y Pereent f SO0malesll, R0 SACASESL B3 St ool lonal S,

system of claim 13 erern sai uter

sevent y- fsuifacepmes esripriStdtileast seviatytfiedlercuf (7896 oRtiRAoRl obel ShrfRBbLAI ner. 17.

The system of claim 14 wherein said container has a tapered cross
said container. .

9. The system of claim 5 wherein said first surface area is opposite said

second surface area.

10. The system of claim 1 wherein said container is flexible and conforms to
the shape of said interior cavity of said cyrocooling enclosure when filled with said
biopharmaceutical material wherein said at least one heat transfer surface contacts said

outer surface area.

11.  The system of claim 10 wherein the outer surface area of said container

comprises at least ten percent (10%) of the total surface area of said container.

12.  The system of claim 11 wherein said container has a tapered cross

section.

13.  The system of claim 1 wherein said container is rigid or semi rigid and

conforms to the shape of said interior cavity of said cryocooling enclosure when empty.

14.  The system of claim 13 wherein said outer surface area comprises at

least ten percent (10%) of the total surface area of said container.

32



section. 18. The systemof claim1 wherein the cryocooler controlling the
tenperature conprises the cryocooler controlling a dendritic BHIFEBRUARY R0OT
velocity, wthin the biopharmaceutical material, in a range from
approximately 5 mm per hour to approximtely 250 mm per hour. 19. The
systemof claim1l wherein the cryocooler controlling the tenperature
conpri ses the cryocooler controlling a dendritic freezing front velocity,
wi thin the bi opharmaceutical material, in a range from approxi mtely 8 mz
per hour to approximately 180 mm per hour. 20. The systemof claim1l
wherein the cryocool er controlling the tenperature conprises the

- cryocool er contr ol IThgystemerf@ldimi I3 Wheseinisaig oitepistrfocel aved ¢omprisek tthi n t he

bi oph ' bl oo f ' ly 10 i h
Lo appr onr e oy peredl Gt ciedefs SR wh BT AERAIABER | cal cr yopr eser val i on

met hod conprising: placing a biopharmaceutical material wthin a container
having an outer surface area, for freezing and thaw ng therein, receiving
sai d cont ai nerl6wi t Hih§ systemyaiedrim Igwhereinsaidroatdrsvifacs axea compisesnt cavity

fi ' ' t ad ; 9 FEBRUARY, 2007 tacti t
[ east Cona e e T IR A PR R o) s KA M CRFRSRCl osure wt h € he

outer surface area of said container; thermally coupling a cryocooler to
sai d cryocool i r}g encl osure d flowwng a cooling fluid to said at |east
one heat transfler s Sé(éfén’t%n%ﬁ‘t Yovhergia spidipentaineg has atapseddrosseat transf er
surface aggidgne bi opharnmaceutical material wthin said container, said
fluid being isolated fromsaid container; thermally coupling a tenperature
sensor to at |east one of said cryocooling enclosure, said at |east one
heat transfer ]]%urfafle nd. said c cool er, 22 The met hod of

, said fluid i yr )
clai m 21 wherei®h sai'tf Sé’ﬁft%g’rogscﬁ‘?’fna](:g%%ﬁﬂ ESW}?F?‘Q%’SCOQF‘)ng the
temperature comprises the cryocooler controlling a dendritic freezing front velocity,
within the biopharmaceutical material, in a range from approximately 5 mm per hour to

approximately 250 mm per hour.

19.  The system of claim 1 wherein the cryocooler controlling the
temperature comprises the cryocooler controlling a dendritic freezing front velocity,
within the biopharmaceutical material, in a range from approximately 8 mm per hour to

approximately 180 mm per hour.

20.  The system of claim 1 wherein the cryocooler controlling the
temperature comprises the cryocooler controlling a dendritic freezing front velocity,
within the biopharmaceutical material, in a range from approximately 10 mm per hour

to approximately 125 mm per hour.

21. A biopharmaceutical cryopreservation method comprising:

placing a biopharmaceutical material within a container having an outer surface
area, for freezing and thawing therein,

receiving said container within a cryocooling enclosure having an interior cavity

configured to receive said container;
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| east a majority of the total outer surface area of said container. 23. The
nmet hod of claim 21 wherein said outer surface area conpri ses QiFEBRAASRY 2607
percent (10% of the total outer surface area of said container. 24. The
met hod of claim 21 wherein said outer surface area conprises at |east
fifty percent (50% of the total outer surface area of said container. 25.

- The nmethod of claim 18 wherein said outer surface area conprises at |east
seventy-five percent (75% of said total outer surface area of said

[ . 26. . ' 1 i.n.sai. . f
compr1 ses af FPRRE AaR Se P A SIRH0ug Poll B SeRbuse Speo Nt o1 s

at | east withethbeater burfiiee besa of stidfcaamineenpr | ses a first heat transfer surface
configured to cont i’;\ct said first surface area and a second heat transfer
surface confi dureally sowmgacqryaecoler e said arveenoling enclosme and flowimes aret hod of

claim 26 ¢ I i sai cond surfagce.area
conpri se at ?rfg‘:lei\g{l §§heﬁ%}lgre?‘%t3?ﬁg® E?ﬁf;an Sf%rﬁgg%oecrongrgfﬁgggmg?réﬁu%?f %aﬁf d
cont ai neheat t2Bsfef hafave tand thedfiopharinat i cailisdteridl wididsHid cohtamef kage area is

opposite_sajd. secpn urface area. 34 9 FEBRUARY 2007 29. fhe nethod of
claim 21%\%}1&,1@%&%é@ﬁtsqurﬁgptqllger; | exi bl e and conforns to the shape of

said interior tﬁéﬁjﬂlycgﬁplﬁfl'éiadte fﬁ@lﬁ%éﬁgrf[ar}lﬂegﬁ%rn% oph QCHQI[CIP§ wWith said

bi ophar maceuti cal naterial” wherein sard at 1east one a er surface
cont act s eselpsire, sgid aleastioiedwat tramsfer sBffacelbaid ftaidyand sfid el @icopla® wherein t he
outer surface area of said container conprises at |east ten percent (10%
of the total surface area of said container. 31. The nethod of claim29

wherein the ogper SkfmM&RoRbLAaiRt 25 WhereEPREPHRE surGOIRch lgast fifty
percent (50% of the total surface arerz:13 of sal ﬁrsgontg%er%sﬁlgggesﬁie met hod

of cl ai micast aymajasity; of the tefial eutessnrfage ereaofsaidfondainer. cont ai ner conpri ses at

| east seventy-five percent (75% of the total surface area of said

. container. 33. The nethod of claim 30 wherein said container has a tapered
Cross secti ore3. The method of claim 21 wherein said outer surface area comprises at

least ten percent (10%) of the total outer surface area of said container.

24.  The method of claim 21 wherein said outer surface area comprises at

least fifty percent (50%) of the total outer surface area of said container.

25.  The method of claim 18 wherein said outer surface area comprises at

least seventy-five percent (75%) of said total outer surface area of said container.

26.  The method of claim 21 wherein said outer surface area comprises a first
surface area and a second surface area, and wherein said at least one heat transfer
surface comprises a first heat transfer surface configured to contact said first surface

area and a second heat transfer surface configured to contact said second surface area.

27. The method of claim 26 wherein said first surface area and said second

surface area comprise at least a majority of the total outer surface area of said container.

28.  The method of claim 26 wherein said first surface area is opposite said

second surface area.
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34. The nethod of claim 21 wherein said container is rigid or sem rigid
and confornms to the shape of an interior of said cryocooling 9eRERISARY 2007
when enpty. 35. The nethod of claim 34 wherein said outer surface area
conprises at |east ten percent (10% of the total surface area of said
container. 36. The nethod of claim 34 wherein said outer surface area
conprises at least fifty percent (50% of the total surface area of said
container. 37. The nmethod of claim 34 wherein said outer surface area
conprises -at |east seventy-five percent (75% of the total surface area of
said container. 35 9 FEBRUARY 2007 38. The nethod of claim 35 wherein said

cont ai ner has 29tappmeeﬂeﬁlbawcfaﬁﬁtm%aer@xﬁsallﬂasntﬁﬂléf {%fﬂeﬁiblé’!ﬁd ?& miher ein
the controlling the tenperature conprises control a dendritic freezing

front veltodhe §hapwpf sl interéortsiavity af srad exyoreming emdbsne awhpn ifilled withrsgil f r om
h 40., Th
2hot em orbghterialfiRha el B RBIAR ARl e ety Stnce cotBisRldes

control | i (gerasutfacslared.i ¢ freezing front velocity, within the
bi opharmaceutical material, in a range from approxi mately 8 mm per hour to
approximately 180 mm per hour. 41. The systemof claim 21 V\,her ein the

controlling theyte b Il a dend I fr.eezing
front vel oci tyj;30 mﬁﬁgl’%ﬁl 88?%%933’3@6 | caﬁ&t‘%{&]‘gﬁ ezrleap ?%Berf rom
appr oxi matomipriséOatrimasy h feseeht (1@%mrme<tamtseﬂwceb2§a MBaiddontdiedr . 36

31. The method of claim 29 wherein the outer surface area of said container

comprises at least fifty percent (50%) of the total surface area of said container.

32.  The method of claim 29 wherein the outer surface area of said container

comprises at least seventy-five percent (75%) of the total surface area of said container.

33.  The method of claim 30 wherein said container has a tapered cross

section.

34.  The method of claim 21 wherein said container is rigid or semi rigid and

conforms to the shape of an interior of said cryocooling enclosure when empty.

35.  The method of claim 34 wherein said outer surface area comprises at

least ten percent (10%) of the total surface area of said container.

36.  The method of claim 34 wherein said outer surface area comprises at

" least fifty percent (50%) of the total surface area of said container.

37.  The method of claim 34 wherein said outer surface area comprises at

least seventy-five percent (75%) of the total surface area of said container.
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9 FEBRUARY 2007

38.  The method of claim 35 wherein said container has a tapered cross
section.

39.  The system of claim 21 wherein the controlling the temperature
comprises controlling a dendritic freezing front velocity, within the biopharmaceutical

material, in a range from approximately 5 mm per hour to approximately 250 m per

hour.

40.  The system of claim 21 wherein the controlling the temperature
comprises controlling a dendritic freezing front velocity, within the biopharmaceutical

material, in a range from approximately 8 mm per hour to approximately 180 mm per
hour.

41. The system of claim 21 wherein the controlling the temperature
comprises controlling a dendritic freezing front velocity, within the biopharmaceutical

material, in a range from approximately 10 mm per hour to approximately 125 mm per

hour.
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