WO 2024/218711 PCT/1B2024/053800

TUBE HOLDING APPARATUSES FOR FILLING OF
MULTIPLE CONTAINERS AND METHODS FOR USING
THE SAME

Backeround
1. Technical Field
{0061}  The present disclosure relates to flusd handling and, more specifically, fo apparatuses

for holding tubes for filling of wmultiple containers and for transfer tube sets for filling wmultiple

containers.

{8062} During manufacture, storage, and distibution of blophwinacewtical compositions,
containers are filed and dramed of biophannaceutical comapositions i a hquid state. For example,
a biopharmaceutical composition Is pumped from a production vessel info one or more storage
containers, Onee filled, the storage containers may be froren, stored, andfor-shipped to gnother
facility. Before use, the biopharmaceutical composition within the storage containers is thawed

andfor drained from the storage containers.

(0063}  In some applications, containers, ¢.g., Celsius® FFT containers from Sartorius, are
loaded into a Fill and Drain Station (FDS) that is used to fill and drain the contamers. Inthe FDS
the containers are held jna horizontal ortentation. Inthe horizontal orientation, 1 may be difficult
1o completely fill andior drain all of a blopharmaceutical composition from the containers. In
addition, 1 the horizontal orlentation, it may be difficolt to purge air from the tubing leading to
the container andfor the container itself prior to filling of the container. Once {illed, the storage

contalners may be frozen, e.g., crvogenically frozen.

{0004]  There are at Teast fowr technical difficulties with fitling, storing, and ultmately using a
biopharmacestical composition with the storage containers. First, the speed or time required to
primethe containers fur filling. The fime required to prime a container may decreasethe efficiency
of distributing fluid into 2 container. In addition, the quality and the consistency of the priming

may affect the fill volume orthe accwacy of the fill of 3 storage container which is the second
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technical difficudtly. Ensuring an gccurate fill volume of a storage confainer may be important {o
ensure that each container incluades the desired ammmt of fhuid therein. The third difficulty may
be the freezing of the fluid within the storage container. The freezing pattern may be important o
ensure that all the fluid withio the storage container is frozen within a desired amewnt of time. The
fourth technical difficulty s the mmount of waste of a fuid duning filling and ultimately

disirtbution.

Sununary

[0005]  This disclosure i3 divected to addressing sach of the four technical difficulties detailed
above. As detailed hevein, the shape andfor angle of the connectors of the valve towers are
designed to improve priming of the systemn. in addition, the slope of the {ill rbes are maintained
to yprove prinving of the system. lmproving prising may increase the fill volume andior allow
for an increass in accuracy of the fill volume for each container. Improving the prinung may
remove of prevent air from the storage containers during primmg and filling.  Removing or
preventing alr from the storage containgrs may improve g freging paittern within the storage
containers. The priming detailed herein may reduce an amount of fluid required fo prime the
storage containers. The sysiem may inchude bubble wraps that allow for the use of prising fluid to
berecovered afler 3 priming and filling recipe. Allowing a prining fluid 1o be recovered inay

reduice waste fluid from a pruming and filling recipe,

10006]  During filling andfor draining it has been found that maintaining a constant slope in
each of the tubes relative to the FDS may assist in purging air from the tubes andfor the storage
comtainers being filled. [t may Be difficalt to kedp a constant slope in the tubes base on tolerances
of the whes and/or the connectors of the whes. In addition, the FDIS may allow for the use of
nuitiple size contamers such that the distance betwien the valve towess and the storage containers
may vary. While 1t is possible 1o move the valve towers, the towers are heavy and may be difficult

to precisely position éach time the storage contamers ars changed.

(00677 This disclosure selates to apparatuses for maintaining a constant slope relative to the
FDS m each of the tubes that connect to the storage comtainers. Mamtaining a constant slope may

purge air from the tubes andfor the storage containers during fithing of the storage vontainers.
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the storage containers. Mainfaining 4 constant slope w the tubes may allow for a consistent or
more precise filling of the stovage containers. The apparatuses disclosed heretn may allow for
adjustment of the tbes to differences in the size of the storage containers of the FDIS without
moving the valve towers. Allowing for adjustment of the tibes may reduce time required 1o change

SEOTAZE CONLALETS,

{ooas] In an embodiment of the present disclosure, g Alling systemt for filling storage
containers with a fluid includes a first storage container, a second storage container, a valve tower,
and a transfer tube set. The valve tower has a manifold configured to receive a fhud. The transter
tithe set includes an inlet, an outlet, a first connection tube, a second connection tube, and a riser.
The inlet is at an upstream end of the transfer tube set. The miet is fluidly coupled to the manifold.
The ovtlet is ata downstream end of the transfer tube set. The outlet is open toran envivomment
surrounding the filling system. The first connection tube is fuidly coupled to the first storage
container to aseptically provide fluid from the manifold to the first storage contaiver. The second
connection tube is fluidly coupled to the second storage contaiper to aseptically provide fluid from
the manifold 10 the second storage container. The riser extends between and fluidly couples the
mlet to theoutlet. The riser includes a first connector and & secowd commecior. The first connector
fhadly couples the first connection tube to the riser. The second connector fluidly couples the
second connection tube to the riser. The frst connector includes a first interkink portion, a second
interfink portion, and a connection portion. The connection portion extends from the first interlink
portion and the second interlink portion to form g Y-shape with the {irst interlink portion and the
second interlink portion defining a Y-angle therebetween less than 130 degrees. The connection
portion of the first connector is fluidly coupled 1o the first connection tube and is configured to fill

the storage container with the fluid received by the manifold.

(0009 Incwmbodiments, the Y-angle between the fivst interlink portion and the second interlink
portion is in the raage of 30 degress to 90 degress. The filling system oy further inchude a tube
holding apparatus confignred o maintain a negative slope in the first connection tube from the

first connector io the fiost storage container.

10010)  In some cmbodiments, the filling svstem may further include a fill and drain station

that support the first storage container and the second storage comtainer. The £ill and drain station
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may include a seale configured to determine the volume of fhad in the first stovage container and

the second storage container based on a mass of the fill and drain station.

16011} In certain embodiments, the connection portion of the first connector is angled
downward at an inclination angle from horizontal. The inclination angle may be in the range of

15 degrees 0 38 degrees.

[0012]  In particular embodimens, the first interlink portion defines a fivst interlink central
torgitedingd axis and the connector portion defines a connector certral longitudinal axas. The first
mmterink centeal Tongtodinal axis and the connector central Tongifudinal axis ave offket from one
another by a cotmector angle. The counector angle may be greéater than or equal to 115 degrees.

The connector angle mav be i a range of 135 degress to 165 degress.

18013} In embodiments, the riser meludes a first ivterlink tabe that extends between and fuidly
couples the first connector and the second connector. The first intertink tube may have a length in
a range of 130 percent and 180 percemt of the vertical distance between the first connector and the

S&Ci}ﬁd cannacior.

[0014]  In some embodiments, the wanster wbe set includes a bubble wap downstream of the
secomd connector gnd upstreant of the outlet. The bubble trap s configured to aseptically receive
and store fluid from priming such that the captwred fluid 'may be recaptored without further
processing. The bubble trap may include a trap segment, & bulb, and a vent segment. The trap
segment may be positioned between the second connector and the bulb. The trap segment may be
i direct communication with and positioned below the bulb. The vent segment may extend
vertically from the bulb and extend to the outlet. The bulb may be sized such that the bulb is

configured to only be partially filed during 8 priming process.

10615} In another embodiment of the present discloswre, a Glhag system for filling storage
containers with a fhad inchides a first storage container, a second storage container; 8 valve tower,
and & transfer tube set. The valve tower has a manifold. The manitold is configared to receive &
fluid. The transfiy tabe set includes an inlet, an outlet, a first connection tubg, a second conpection
tube, and a riser. The inlet is at an upstream end of the wansfer wbe set. The infet is Huidly

coupled to the manifold. The cutlet is at a downsizeany end of the transfer tube set. The putlet is
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oper to an environmet surroending the filling system, The Hrst connection tube is fuidly coupled
to the first storage container fo aseptically provide fluid from the manifold to the first storage
container. The second connection tube is fluidly coupled to the second storage container to
aseptivally provide fhuid form the manifold to the second siorage contaiper. The riser exiends
between and flaidly couples the inlet to the outlet. The riser ncludes a fivst interlink tube, a second
mterknk tabe, a first connector, and a second connector that are in Huid communication with one
another. The first interlink twbeextends from the inlet o the frst connector. The second integlink
tabe extends between the first conmecior and the second connector, The first connector includes a
first interlink portion, a second interlink portion, and a connection portion. The first interfink
portion is fluidly coupled to the first interlink tube. The second interlink portion is fluidly coupled
o the second intertink tube. The connection portion exteads from the first interlink portion and
the second merlink portion. The connection portion or the first connector fuidly couples to the
first connection tube and is configured to fill the first storage containey with the fluid received by

the manifeld. The connection portion is angled downward at an angle from horizontsl.

jogisl  In embodiments, the inclination angle is 9 2 range of 15 degrees 0 33 degrees. The

inclination angle may be i a range of 15 0 30 degrees.

0017 In sowne embodiments, the conmection portion may extend from the Hist interlink
portion and the second interlink portion to form a Y-shape with a first interlink portion and the
second interlink portion. The first imertink portion and the second interlink portion may define an
angle therebetween less than 130 degrees. The angle between the first mterhink portion and the
second interlink portion may b in a range of 30 degrees 1o 90 degrees. The first interlink portion
may defing a first serlink central longitudinal axis and the connector portion may defiue a
conaector ceniial longitudinal axis, The first interlink contral longitudinal axis and the connector
ceptral longitudinal axis may be offser from one another by a connector angle.  The connector

angle may be greater than or equal to 115 degrees.

[0018)  In cortain embodiments, the trauster tube set includes a bubble trap downstream of the
second connector and upstreany of the outlet. The bubble trap may be configured to aseptically
recgive and store flutd from priming such that the captured fluid may be recaptured without further

processing. The bubble trap way include & wrap segment, a bulb, and a vent sggment. The trap
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segment may be pogitioned between the second conmector and the bulb, The trap segment may be
in direct communicabion with and positioned below the bulbh. The vent sepment may extend
vertically from the bulb and may extend to the owtlet. The buth may be sized such that the bulb

may be configured to only be partially filled during a priming process.

9019 In sccordance with anther erabodiment of the present disclosure, a transfer fube set
mcludes fyindet, ai outlet, 8 fiest connection tube, a second connection tube, and a nisgr. The nlet
is at an upstream end of the transfer tube set. The inlet is configured fo fhudly cosple 1o a manifold
to veceive thad, The outlet s at a downstream end of the transfer tube sef. The outlet 1s-open to
an environiment surrounding the transfer tube set. The fivst connection tube is configured to Huidly
couple to a first storage contaimer to aseptically provide fluid from the manifold to the first storage
vontainer, The second connection tube is vonfigured to fhuidly coupleto a second storage container
to aseptically provide fhud from the manifuld 1o the second storage container. The riser extend
between and fluidly couples the inlet to the outlet. The riser includes a first connector that fladly
couples the first connection tube to the riser. The riser includes & second connector that fluidly
couples the second connection tube to the riser. The first connector includes a first interlink
portton, a second interlink portion, and a connection portton, The first interlink portion defines a
first interlink central longitudinal axis. The second mtertink portion defines a second interlink
central longitudingl axis. The second imterlink longitudinal axis is offset at a Y-angle from the
fust interlink central longitudinal axis. The Y-angle is less than 135 degress. The connection
portion extends from the first interiink portion and the second interlink portion to form a Y-shape
with the first interlink portion and the second interlink portion. The connection portion of the first

connector 1s fluidly coupled to the first connection tube,

{0020 In embodiments, the Y-angle is in the mange of 30 degregs to 90 degrees, The
connection portion may define a connection contral longitudinal axis. The connection central
fongitudinal axis may be pifset frony the Hest Wuterlink central longitustingl axis by a connection

angel. The connection angle may be greater than or egual 1o 115 degrees,

0021} Insome embodiments, the transfer tube set further comprises a bubble ap downstream
of the second connector and wpstream of the outlet.  The bubble trap may be configured 10

aseptically receive and store fluid from priming such that the captured fluid may be recaptured
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without further processing. The bubble trapay include a trap segment, a bulb, and vent segment.
The trap segment may be positioned between the second connector and the bulb. The trap segment
may be in direct communication with and positioned below the bulb. The vent segment may
extend vertically from the bulb and may extend to the outler. The bulb may be sized such that the

bulb may be configured to only be partially flled during a priming process.

{00221 Tn certain embodiments, the riser includes & frst interlink tubg that fluidly couples 1o
the second ferbink portion of the first connector and o the first imgerlink portion of the second
comector to fluidly couple the first connector and the second connector. The first interlink tube
may be configured to have a C-shape when the first connector and the second connector are
installed on a valve tower. The riser may include a first interlink tube that fluidly couples to the
secomd tterkink portion of the first connecior and 1o the frst nterlink postion of the secomd
connector 1o fudly couple the first connector and the second connecter. The first comector and
the second connector may be configured to be mstalled on a valve tower such that a vertical
distance is defined therebetween. The first interlink tube may bave a length in the range of 130
percent and 180 percent of the vertical distance between the first connector and the second

connector when the first connector and the second connector are installed on the valve tower,

{00231 In ancther embodiment of the present disclosuve, a method of priming a filling system
includes installing a transfer tube set on & valve wower of the filling system, fowing fluid imo the
wransfer fube set, and alfowing air to exit the comection tubes of the transfer tobe set. Installing
the transfer tube set on a valve tower of the filling system includes secaring the transfer tube set
on the valve tower with each connector of the fransfer tubie set positioned to vorrespond o a
respective storage container with sach connector having a connection fube that extends from the
respretive connector o the associated storage container, setting an inchination angle of each
connaction connector such that a connection portion of the connector is offset downward from
horizontal, and setting aslope of vach connectivn tube to be negative from the respective connector
to the gssociated storage contatner, Allowing air to exit the connection tubes of the transfer tube
set inchudes allowing air to exitsuch that atr in the connection tubes is removed upstream of a last

COnNecior.
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{8024} In embodiments, Bowing fluid into the transfer tube set includes flowing fluid at a first
fow rate and flowing fluid at a second fow rate that is fess than the first flow rate woti] air is
removed upsiream of the last connector. The method may further include recapturing flutd from

a bubible wap dowastream of the last connector for futare use after priming.

100251 In auotber ernbodiment of the present discloswre, a tube holding apparatus icludes g
body, s mount, a first guide, and a secured guide. The body has a proximal end portion and a distal
end portion. The mount 18 positioned between the proxymal end portion and the distal end portion
of the body., The mount 15 configured 16 secure the body 10 a valve tower, The first gode is
secured about the proximal end portion of the body. The second guide is sscured about the distal
end portion of the body. The first guide and the second guide each configured to receive a portion
of a transfer link that extends between a valve tower and a storage container such that a positive

slope vontainer to the valve towar.

{0026}  In embodiments, the first guide is stidingly secured about the proximal end portion of
the body between a proximal end of the body and the moent. The mount shidingly receives the
body therethrough. The second guide may be fixad to the distal end portion of the body. The body

may be slidably distally relative to the mount to veduce slop in the transfer fink.

[0027F  In some embodiments, the second guide may be fixed to the distal end portion of the

body and may be configured to position a distal end of the transfer Haok relative to the valve tower.

16028} In another embodiment of the present disclosure, a valve tower for providing flmd to a
plurabity of storage containers and incledes a transfer tube set and a plurality of twbe holding
apparatus,  The tube transfer set includes 2 plurality of trapsfer lines,  Bach transfer link is
configured to fluidly connect to a respective storage container of the phurality of storage containers.
Each tube holding apparatus is configured tp maintain a positive slope in a respective transfer link

of the plurality of transfer links,

[0029]  In another embodiment of the present disclosure, a filling system for fluid storage
containers includes a valve tower, ¥ filling and deaiing statton (FDS), & first storage contamer

supported on the FDIS, a first transfer Hok, and a tube holding apparatus. The first transfer Haok
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flundly connects the valve tower and the first storage comtainer. The tube bolding apparatos

maintaing a positive slope in the fivst transfer link from the storage container to the valve tower.

[0030]  In embodiments, the filling station includes g plurality of storage containers that are
supported on the FDIS which include the first storage container. The first storage container includes
a container fube that extends from the first storage container. The container tobe is in fhaid

communication with ag tterior of the first stofage container.

{6031} In sore embodiments, the fliing station juchudes a transfer tube get that neludes a
phurality of connection tubes. Each connection tube of the plurality of connection tubes are ju fhad
communication with the valve tower. The plurality of connection tubes may dnclude a first
connection tube. The first connection tube and the container tube mayv be fuidly coupled to one
another to form the first wanster link. The first connection tube and the container tubes may fluidly

couple to one another with an aseptic flurd connection systam.

{0032} In certain embodiments, the tube bolding apparatus includes a first guide. The first
guide may receive the first transfer link such that the tube holding apparatus maintain a positive
slope in the Hret transfer Hokl The first guide 18 adjustable in a vertical direction and a first
hortzontal divection which is toward and away from the valve tower. The first transfer link may
be received in the first poide ina plurality of receives which extend in a setond horizontal divection

perpendicular to the first hovizontal direction.

{00331 In particular embodiments, the filling system inchudes a second storage container
supported on the FDS and a second wransfer link that Quidly connects the valve tower and the
second storage contamer. The tube holding apparatus may maintain a positive slope i the second
transfer Hank from the storage contamer to the valve tower. The tube holding apparates may

compensate for differences in Jengsh of the tirst transfer Hok and the second tansfer link.

{0034]  Further, to the extent consistent, any of the embodiments or aspects desoribed herein

may be used in conjunction with any or all of the other embodiments or aspects described herein.



WO 2024/218711 PCT/1B2024/053800

(6035 Yanous aspects of the present disclosare are described heveinbelow with reference to
the drawings, which are not necessarily drawn to scale, which are incorporated in and constitute a

part of this specification, wherein:

{0036}  FiG 1 is a schematic view of a filling svstem provided i accordance with an

embodiment of the present disclosure;

100371 FIG.2is a Front perspective view of a tube bandling apparatus provided in accordance

with the present.disclosure with a transfer tube set disconnected from storage containers;

[06838]  FIG. 3 3¢ another frony perspective view of the tube handling apparatus of FIG. 2'with

the transfer tube sef connected o Storage contiingrs supported o the B and dea stavon (FDS)
{00391 FIG 4 is a frontview of the tube handling apparvatus of FIG, 3;
J0040} PG 5 s anothey front view of the fube handling apperatus of FIG. 3;

{00411 FIG. 6 is front perspective view of another filling system provided in accordance with

the present disclosure including another tube handling apparatus;
{00427  FIG. 7is a rear perspective view of the tube handling apparatus of FIG. &;

j0043]  FIG. & is a front view of the tube handling apparatus of FIG. 7 with the parts thereof

separated from one another;
[0044]  FI( 9 is a top view of the tube handling apparatus of FIG. 7;
[0O48]  FIG. 10 1 a front view of the tube handling apparatus of FIG. 7;

10046} Fi3. 11 is a model of another transfer tube set provided in actordance with the present

disclosare;
{08471 FIG. 12 s an enlarged view of a conector of the trangfer tube set of FIG. 1L

[O048]  FIG. 1398 o model of another ransfer tabe set provided in accordance with the present

disclosure;

10
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16049} FIG. 14 s an enlarged view of a connector of the transfer tube set of FIG. 13;

[0as0 FIG. 1598 2 model of another wansfer tube set provided n accordanee with the preseut

disclosure;

0051} FIG-16is amodel ofa first geometry of a ransfer tube set provided in aceordance with

the present disclosure;

fees2f  FIG. 17 is a moeded of a second geometry of a transfer fube set provided in accordance

with the present disclosure; and

j00S3}  FIG. 184s a flowchart of amethed of prising a transfer tube set provided inaccordance

with the presem disclosure.

Detailed Description

{0854  The present disclosure will now be deseribed more fully hereinafter with reference 10
examnple embodiments thereaf with reference to the drawings in which like reference numerals
desigmate identical or correspending elements in each of the several views. These example
embodiments are described so that this disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled 1o the art. Features from one embediment or
aspect can be combined with features from any other simbodiment or aspect In any appropriate
combination.  For example, any individual or collective febtures of mwethod aspects or
embodiments can be applied 1o apparatus, product, or component aspects or embodiments and vice
versa. The discloswre may be embodied i many different forms and should not be consrued as
Hmited to the embodiments set forth herein: rather, these srnbodiments are provided so that thix
disclosure will satisfy applicable legal requiremients, Asused in the specification and the appended
claims, the singolar forms “a,” “an” “the,” and the Iike include plural veferents unless the context
clearly dictates otherwise.  In addition, while reference may be made herein to guantitative
measures, values, geometric relationships or the like, unless otherwise stated, any one or more if
not all of these may be absolute or approximate to account for acceptable variations that may peeur,
stcdy ax those due o mamsacturing or engmeering folerances or the hke. Further, as ased herein
the term “hiopharmaceutical compositions™ refers to a product coming from biotechnology, culture

environments, cell cultures, ‘buffer solutions, artificial nuirition Hguids, blood preducts and

11
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derivatives of blood products, a pharmaceutical product, or more generally a prodact infended o
be used in the medical field including, without any {imitation, monoctonal antibodies {mAbs),
therapeutic proteins, viruses, lipid nanoparticles, vaccines, vinus banks, exosomes, cell banks, and

cell therapy producis,

{08551 Refernmg now to FIG, 1, a schematic of & filling system 10 13 provided in aecordance
with an embodiment of the present disclosure. The filling system 10 includes valve towers 20, a
fill and drain station (FDS) 30, and iransfer tube sets 40 that extend from the valve towers 20
the FDS 30, The FDS 30 supports a phorality of storage containers 32 that receive or provide a
biopharmacestical composition. The FDS 30 may sapport four 75-lifer storage containers 32 for
a total of 300 liers of biopharmaceutical campositions to be filled and/or drained into or from the
storage containers 32, In use, the FIDS 30 may be loaded and/or wndoaded onto a platform with
machinery such as a forkhift.  In some enabodiments, the FOS 30 may have a capacity to support
ten storage containers 32 having a volume of 12, 6, 4, or 2 liters each. The FDS 30 may have a
capacity to support between one and len containers having a volume from 2 L to 75 L each. In
some ernbodiments, the FDS 30 may have & capacity preater than 300 L and/or to support more
than ten containers. The filling system 10 may include a supply vessel or a plusality of receiver
vessels that are in fluid communication with the valve tower. The filling system 10 may include
a pump that is configured to flow fuid into or out of the storage containers 32. In some

embodiments, the filling system 10 may include sterilizing filters, butfer supply, and buffer waste.

[00%6]  The FDS 30 may include a platform 34 that receives a pallet or structure including one
or more storage comtainers 32 to be filled or drained. The platform 34 may be a weighing platform
that measures a weight of & bispharmiaceutical composition within the storage containers 32, The

platform 34 mray be a pallet with multiple storage contaliers 32 supported above a base,

[0057F  The valve towers or distribution cohunns 20 are positioned on opposite sides of the
FDS 30, i some embodiments, the filling system 10 may include a single valve tower 20, During
filling, the valve towers 20 receive g biopharmaceutical composition and fili the storage contatners
32 of the FDS 30 via the transfer tube sets 40, For example, a single valve tower 20 may be used
with the FDS 30, e.g., when large storage containers 32 are used. In some embodiments, the FDS

30 may include avalve tower 20 on each side of the FDS 30, For example, two valve towers 20

12
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may be used when srall storage containers 32 are supported on the platform 34, The valve towers
20 may be interconnected such that the transfer tube sets 40 of each valve tower 20 are in fhad

communicatton with one another,

{00587  The valve towers 20 each include a transfer tube set 40 that Huidly interconnects a
supply or distribution vessel with the storage containers 32 supported on the FDS 30, The storage
containers 32 may cach include 8 container tube 36 that connecis with the transier tube et 40 10
thadly connect the respective storage container 32 with the wanster twbe set 40 such that the
transfer fube set 40 18 in thad communication with an interior 33 of the storage container 32. The
transfer tube sets 40 include a phaality of connection tubes 46 such that the transfer tube sets 40
has a connection mbe 46 for each storage container 32 supported on the FDIS 30, Each conneetion
tube 46 18 confipred to conisct with a respective containertubs 30 to form a transfer link 41, The
tranafor link 41 fhudly conneets the storage containgr 32 and the valve tower 20: The connection
tubes 46 and the container tubes 36 may aseptivcally connect with one another such that fluid may
be aseptically trapsfarred betwegn the transiir tube set 4 and the storage containers 32 via the
transter link 41, The connection between the connection tubes 46 and the container tubes 36 may
be a Opta® connector provided by Sartorius, an AseptiCuik® connector provided by Colder
Products, a Kleenpak® Presto Sterile connector provided by Pall Corporation, v another suitable

connecior.

[0039} Continuing o refer 1o FIG. 1, o fill the storapge contatngrs 32, the FDS 30 is positioned
between the valve towers 20, or adjacent a single valve tower 20, with a plurality of storage
containers 32 supported on the FDS 30, The storage containers 32 are then fluidly coupled to a
respective gonnection tibe 46 of a transfer tube set 40 via g contginer tube 36, With the storage
containgrs 32 in futd comumuunication with the transfer tube st 40 via the transfer link 41, fluid 13
provided 1o the transfer link 41 of cach valve tower 20, In embodiments, fluid may be provided
to the transfer tube sets 40 via a manifold 30 of the valve tower 20 from a bulk fhad container or
supply container. The filling svstes 10 may melude a control tower that include the supply
containers and a pump to provide fluid to the manifold 50, As fluid is provided to the transfer tube

sets 40, the feid Hows throngh the transfer links 41 into each of the storage containers 32,

13
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{8050} The valve towers 20 may inclade one or more valves, tubes, Sow regudators, or other
featares 0 provide an equal amsount of fluid 1o each of the connection tubes 46 and thus, each of
the storage containers 32 may be filled sequentially or stmultansously. In some embodiments, the
storage containers 32 are filled sequentially with the lowsst or botiom stovage container 32 being
filled first and then the next lowest stovage container 32 being filled until cach storage container
32 is filled. The storage containers 32 may be filled sequentially in any order. To provide an equal
amount of Huid to-each of the storage containers. 32, it may be necessary 1o purge of remove air
from tubes of the transfior links 41 andior the storage containers 32 via a primmng procedure. Tt
may be heneficial © maintain a positive slope in the transfer link 41 from the respective storage
container 32 to the valve tower 20. The positive slope may be constant or increasing. The positive
slope may allow air to flow from the storage containers 32 and up the valve towers 20 via the
transfer links 41, This positive slope from the storage container 32 to the valve tower 20 may be
a negative slope from a connector 45 of the transfer tube set 40 through a connection tube 40 o
the respective storage container 32, The slops of the connection tubes may be referred 16 as tube

geometry as discussed below.

[00611  The whbes of the wansfer Haks 41, e.g., conmection tube 46 and container tube 36, may
have differences in tube lengths. In addition, the connectors between the connection tube 46 and
the contatner tube 36 may have different lengths such that the length of the transfer links 41 may
vary, Insome embodiments, the pontainer tubes 36 may vary depending on the specification. The
differences in tube lengths may ¢reate problems in maintaining a positive slope from the storage
containers 32 to the valve towers 20. For example, manufacturing tolerances in tubing andfor
connectors may create a difference in lengths of the transfer links 41 in a range of Q t0 4
centimeters.  Sonte manufacturing tolerances may create a larger difference i lengths of the
transter Huks 41, The differesces in lengths of the transfer links 41 way affect the slope in the
trassfer links 41, To some embodiments the differences in lengths of the trausfer inks 41 mav be

differences in lengths of the connection tubes 46 of the transfer tube set 40

[0g62]  Different storage containers 32 may change the distance between the valve towers 20
and the storage containers 32, For example, a 75 L storage container may be positioned diffevently
inthe FDS 30 as compared to 3. 1 L storage container. Tlis change in distanve may affect the slope

i the tube between the storage container 32 and the valve towers 20, While it may be possihie to
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wove the vahve towers 20 to compensate for this change w distance, the valve towers 20 may be
difficult to precisely position. Farther, it may be time consuming fo reposition the valve towers

20 when the size of storage containers 32 is changed.

{00637  Referring now to FIG. 2, a tube holding apparatus 100 for filling multiple containers is
provided i accordance with the presemt disclosure,  The tobe holding apparatus 100 may
compensate for differences in the lengths of the wansfer lunks 41 such that a positive slope-is
maintained between the storage containers 32 and the valve towers 20, The tubs holding apparatus
100 may compensate for a difference in the distance between the valve towers 20 and the stovage
containers 32 such that a positive slope can be mamtamed in the transfer links 41 between the

storage contamers 32 and the valve towers 20,

[0064]  The tube holding apparatas 100 includes a vertical support 110 and a plurality of arms
120 that extend from the vertical support 110, Each arm 120 mclndes & goide or comb 132 that
receives a portion of the transfer Hok 41 between the valve tower 20 and the storage container 32,
ey, the connection tube 46 or a container tube 36, to support the fransfer link 41 and to adpust a
slope of the transfer link 41, The arm 120 may allow for adjustment of the position of the comb
132 vertically De. n a first horizontal direction D, and a second horizontal direction Din
perpendicular to the first horizontal divection. Adjustiment of the comb 132 allows for adjustment
of the stope of the transfer links 41 extending from the valve towers 20 and the storage containers
32,

[0065]  Each of the plurality of arms 120 may be vertically adjustable along the vertical support
16 to vertically adjust the comb 132, Each arm 120 mcludes a vertical adjustment mechanism
124 that is configured to selectively fix the vertical position of the amm 120 along the vertical
support 110, The vertical adjustment mechanism 124 may engage the vertical support 110 o
adjust the vertical position of the arm 120, For example, the vertical adjustment mechanism 124
may rotate in a first direction o raise the arm 120 and rotate in a second direction opposite the first
dirgotion to lower the arm 1200 In enibodiments, the vertical adjustment mechanisim 124 ingludes
a fastensr or pin that extends through an opening in the vertical support 110 1o vertically fix the
arm 120 relative to the vertical support 110, In sueh enbodiments, the vertical support 110 may

include a plarality of openings at different vertical positions along the vertical support 110 to allow
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for vertical adjustment of the arm 120, In some embodiments, one or more of the arms 120 may

be vertically Sxed along the vertical support 110,

{08661  Each of the plurality of army 120 may be a hortzontal adjustmeént mechamsm 134 that
allows for adjustment of the comb 132 in a first hovizontal divection, towards or away {from the
vertical support along the arm 120, As shown in FIG, 2, when the apparatus 100 s positioned
between the valve tower 20 and the FDS 30, the horizontal adjustment mechanism 134 moves the
comb 132 horizentally towards and away from the FDS 30, The hortzontal adjustiment mechanism
134 mayinchude a fastener that is tightened and loosened to allow a sleeve 131 1o selectively slide
over a portion of the arm 120, In some embodiments, the horizontal adjustment mechanism 134
may rotate in a frst direction to move the comb 132 towards the FIDS 30 and in a second divection,
opposite the first direction, to move the comb 132 away from the FDS 30, The comb 132 may
include wudtiple receivers 136 defined therein at a plurality of positions away from the arm 120,
The multiple receivers 136 allow for adjustment i a second horizontal direction which is

perpendicular to the first horizontal direction.

[0067]  Referring now to FIGS. 2-5, a method of filling a plurality of storage containers 32 is
deseribed in accordance with the present disclosure. The method includes loading the plurality of
storage containers 32 on a FDS 30, The FDS 30 is positioned adjacent a valve tower 20 such that
the storage containers 32 are positioned adjacent the valve tower 20, In some embodiments, the
FDS 30 is positioned between two valve towers 20, The storage comtainers 32 may be loaded onto
the FDIS 30 before or after the FDS 30 is positioned adjacent the valve tower 20. With the storage
containers 32 pusitioned adjacent the valve towets 20, the transfer tube set 40 is fluidly coupled 10
the storage containess 32 by connecting each connection tube 46 with a respective container tube
36 1o fornd a wansfor Uak 41, As noted above, the tubes 36, 46 may mclude an aseptic Connector

to allow for aseptic connection of the connection tubes 46 with the contaner wbes 36,

{0068} With particular reference o FIG. 2, the apparatus 100 s positioned between the valve
tower 20 and the FDS 30, When the apparatus 1008 positioned, the combs 132 may be in aoy
position relative to the storage containers 32 or the valve tower 20 such that the combs 132 can'be
adinsted. The combs 132 are adjusted to provide a positive slope in the transfer links 41 extending

between the storage container 32 and the valve tower 20. The positive slope may be an optimum
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positive slope for particalar product or fhod being transferred to the sforage comainers 320 The
adjustment of the combs. 132 may be to achieve the optinuay positive slope for the partiondar flmd
being wansferred 1o the storage comtainers 32, As shown, the valve tower 20 may have fixed
vertical positicns 26 for sach of the transter links 41 of the fluid transfer tube set 40, Without the
apparatus 100, the slopes of each of the transfer links 41 extending from the storage vontainer 32
and the valve tower 20 may have negative segments before securing the tubes to a respective comb
132 and adjustment of the combis 132, In some embodiments, the vertical support 110 of the
apparatus 100 mav be secored 1o the valve tower 20 or the FDS 30 to prevent moverent of the

vertical support 110 refative to the valve tower 20 or the FDS 30,

{00691  With the apparatus 100 positioned betwesn the valve tower 20 and the FDS 30, the
combs 132 are adjusted such that the transfer finks 41 have a positive slope from the storage
container 32 to the valve tower 20 as showy in FIGS. 325, Specifically, the low point of the transfer
link 41 15 at the storage container 32 and the high pomt of the transfer link 41 1 at the valve tower
20. The siope of the transfer links 41 should be positive such that air flows from the storage
comainer 32 1o the valve tower 20, To adjust the combs 132 of the apparatus 100, one of the
transfer links 41 is positioned W a receiver 136 of the combs 132 that is aligned with the storage
container 32, With the transfir Hink 41 received in the comb 132, the arm 120 15 vertically adjusted
such that the comb 132 15 above the storage container 32 and below the fixed vertical position 26
of the valve tower 20, The vertical adjustment niechanisny 124 may be used 10 vertically adjnst
the arm 120, With comb 132 vertically positioned, the comb 132 is horizrontally adjusted towards
or away from the FDS 30 1o set the slope of the transfer link 41, The horizontal adjustment
mechanism 134 may be used to horizontally adjust the comb 132, The comb 132 may be
hortzontally adjusted and vertically adjusted i any order fo adjust the slope of the transfer Tink 41,
The slope of the wansfer link 41 may be adjusted such that the slope of the transfer link 41 varies

hat remains positive from the storage container 32 to the valve tower 20,

[0076F  Once the slope of the transfer link 41 s set, the storage containers 32 may be filled. As
the storage containers 32 are filled, air trapped in the storage containers 32 or the transter Hak 41
may flow towards the valve towers 20 such that air within the storage containers 32 1s minimized.
Removing atr from the storsgecontainers 32 may allow £6r a full fill of the storage containers 32

Removing air from the storage containers 32 may increase a life of the biopharmacentioal
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compositions within the sforage containers 32, Removing air from the storage containers 33 may

fmprove freezing of the blopharmacentical composition stored within the storage contamers 32,

[0671} When the storage containers 32 are filled, the stovage container 32 may be-discommected
from the transfer tube set 40 and the stovage container 32 may be removed from the FDS 30, A
new storage container 32 may be placed on the FDS 30 and comnecied io the transfer tube set 40,
The apparatus 100 may allow for connection of & pew storage container 32 without adjustment of
the valve towers 20 or the FDS 30 with the apparatus 100 maintaining a positive slope in gach of

the transfer hinks 41.

10072} With reference to FIGS. 6-10, another tube holding apparatis 200 for filling multiple
containers is provided in accordance with the present disclosure. The tube holding apparatus 200
is secured directly to the fixed vertical positions 26 of the valve towers 20, The tabe holding
apparatus 200 includes a monnt 210, a body 220, a proximal guide 230, and a distal guide 250,
The mount 210 secures the body 220 to the valve tower 20, The mownt 210 inclades & mownt body
212 that defines a passage 214 which receives the body 220 thevethrough. The mownt 218 inclodes
an actuator 216 that passes through the mount body 212 to secure the mount 210 to the valve tower
20. The actuator 216 may fix the orientation of the mount body 212, and thus the body 220, relative
to the valve fower 28, The actuator 216 nway be configured to be engaged by a hand of a user or

by a tool to secare the mount 210 © the valve tower 20,

JO0731  The body 220 of the apparatus 200 passes through the moant and supports the proximal
guide 230 and the distal guide 250, As used herein, the term “proximal™ refers to an element or a
portion of an element that iy closer to the FDS 30 and the term “distal” refers to an element or a
portion of an element that is further from the FDS 30, As such, the proximal gaide 230 is closer
to the FDS than the distal guide 250, The proximal guide 230 and the distal guide 250 receive
portions of the transfer link 41 to control a slope of the transfer link 41 such that the transfer bink
41 Has a posttive slope from the respective storage container 32 to the valve tower 20 In
embodiments, the body 320 has a circular cross-section. In other ¢mbodiments, the body 220 may
have a non-cirenlar cross-section such as a semi-circnlar cross-section. In such embodiments, a
flat surface of the body 220 may face the valve tower 20, When the body 220 has a non-ciroular

crass-section, the body may be prevented from rotating in the mount 210,
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16074} The proximal guide 230 defines a receiver 232 that veceives a proxamal porton 223 of
the body 220 such that the proximal gnde 230 i3 secured to the body 220 The receiver 232 may
allow the body 220 to pass entively through the proximal gutde 230 such that the receiver 232 is
positioned along the proximal portion 22% of the body 228, The proximal guide 230 may be
positioned anywhere on the proximal portion 223 of the body 226 up to the mount 216, The
proximal guide 230 includes a proximal hook 234 that defines a holder 236, The holder 236
receives and supports a portion of the transfer link 41, In some embodiments, the proximal guide

230 15 fixed to the body 220,

[00758]  The distal guide 250 inclades a receiver 2572 that recetves a distal portion 225 of the
body 220. The receiver 252 may allow for the distal portion 223 to pass entively through the distal
winide 250 such that the distal guide 250 may be positioned anywhere along the distal portion 228
of the body 220 up o the mount 210, In some embodiments, the receiver and thus the distal guide
250 are fixed refative to the body 220. In vertain embodiments, the yeceiver 252 includes a stop
253 on a distal end thersot such that the distal portion 223 is prevented from passing through the
distal guide 250, The distal guide 250 includes a hook 260 and a groove 266, The hook 260 is
positioned proximal of the groove 266, The distal guide 250 is configured to receive a distal
segment of the transfer link 41 with the hook positioned between tubes of the transfer tube set 40
and the transfer link 41 received in the groove 206. The distal guide 250 may be positioned

vertically higher than the proximal guide 230,

{0076]  With particular reference to FIG. 6, a method of filling a plurality of storage containers
32 is deseribed in accordance with the present discloswre. The methed includes loading the
plurality of storage containers 32 ona FDS 30, The FD8 30 is positioned adjacent a valve tower
20 such that the storape confainers 32 ave positioned adjscent the valve tower 200 In scine
embodiments, the FDS 30 is positioned between two valve towers 20, The storage contaipers 32
may be loaded onto the FDY 30 before or after the FDS 30 is posttioned adjacent the valve tower
20

JO0771  The valve towers 20 inchdde s apparatus 200 mounted at each level ofthe valve tower
20, In some embodiments, the method tneludes mounting an apparatus 200 at cach level of the

valve tower 20. With the apparatus 200 mounted at each level of the valve tower 20, the transfer
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tube set 40 may be positioned on the apparatuses 200, Specifically, a proximal segmert of a
respective connection tube 4613 positioned in the bolder 234 of the proximal guide 230 and a distal
segment of the respective connection tube 46 is positioned in the distal guide 230 of the same
apparatus 200, The distal segment of the connection tubes 46 may terminate in a Y-connection
that has two interlink tubes 48 that fluidly interconnects the distal segments of the conmection tubes
46 to form the transfer tube set 40, The mount of the distal segments of the connection tubes 46

in the distal guide 250 may fix the distal sepment of the connection tube 46 in the distal guide 250,

(00781  With the proximal and distal segments of the connection tube 46 veceived in the
apparatus 200 and the storage containers 32 positioned adjacent the valve towers 20, the transfer
tube st 30 is fuidly coupled to the storage containers 32 by connecting each conngction inbe 48
with a respective container tube 30 o foun & tansfer Bak 41, As noted above, the tabes 30, 46
may include an aseptic connector 1o allow for aseptic connection of the connection tubes 46 with

the container tubes 36,

(66791 With a transter link 41 recetved 1 sach of the apparatuses 200, the apparatas 200 are
each adjusted to remove slop or slack in the transfer links 41, T adjust the apparatuses 200, the
body 220 is translated through the mount 210 to position the distal ginde 250 of the apparatas 220
refative to the valve tower 20, Specifically, the actuator 216 may be rotated in a first direction o
allow the body 220 to transiate relative to the mount 210 and rotated in a second direction to fix
the body 220 relative to the mount 210, Positioning the distal guide 250 of the apparatus 220 may
remove slop from the transfer link 41 when the distal guide 250 is moved distally and may allow
additional slop in the transfer link 41 when the distal guide 250 is moved proximally. In some
embodiments, the body 220 may be rotated about the mount 210 to change the orientation of the
body 220 relative 1o the valve tower 20, The proximal mount 230 may be translated along the

body 220 10 control the slope of the fransfer link 41 andior remove slack in the transfer link 41,

16080} Once each of the apparatis 200 are adjusted such that the slopes of the pansfer links
41 are set to be positive between the storage containgrs 32 and the valve wowers 20, the storage
containers 32 may be filled. As the storage containers 32 are filled, air trapped i the storage
containers 32 or the transfer link 41 may fow towards the valve towers 20 such that air within the

storage containers 32 is minimized. Removing air from the storage containers 32 may allow for a
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full fill of the storage containers 32, Removing air from the storage containers 32 may worease
the life of the biopharmaceutical compositions within the storage containers 32. Removing air
from the storage comntainers 32 may improve freezing of the biopharmaceutical compostiion stored

within the storage containers 32,

10081} When the storage confainers 32 are filled, the storage contfamer 32 may be disconnected
from the transfer tube set 40 and the storage container 32 may be removed from the FDS 30, New
storage containers 32 may be placed on the FDS 30 and connected o the transfer tube set 40 1o be
filled without repositiontng the apparatuses 200, The apparatus 200 may allow for comection of
a new storage contamners 32 without adjustment of the valve towers 20 or the FDIN 30 with the

apparatuses 200 nintaining a positive slope in sach of the trapsfer links 41,

[0082}  The apparatuses 100, 200 detailed heretn may reduce risk of the transfer tube set 40
betng damaged during setup, filling, or takedown of the systema. The apparatuses 100, 200 may
allow for a predetermined footprint of the valve towers 20 and the FDS 30 with the apparatuses
1000, 200 compensating for differences i the lengih of the tausfler links 41 between the valve
towers 20 and the storage containers 32, The apparatuses 100, 200 may be used to mamtam a
minimam slope in the transter links 41 to purge air from the storage containers 32. The minimum
slope may be an optimum positive slope that is determined by the prodisct or biopharmaceutical
composition being transferred or filled. In some embodiments, the valve towers 20 may iclude
purge bags that gre configured to capture air from the storage containers 32 and the wransfer lnks
41.

{0083} Referring now to FIG. 11, a transfer tube set 340 is provided in accordance with
embodiments of the present disclosure. The transfer tube set 340 may be used with a filling system
and/or valve tower, e.g., filling svstem 10 or valve tower 20, as detailed above to prime and fill
storage containers with a biopharmiaceutical composition. The transfer tube set 340 includes
conriection tubes 346 that form hinks with the storage containers o fluidly connect the storage
containiers as detailed above. The geometry of the connection tubes 346 may be maimained by a

tube holding apparatus, €., tube holding apparstus 100, 200,

[0084F  The transfer wbe set 340 dnctudes & riser 344 that includes an inlet 343 atg first or

bottom end and an outlet 349 at'a second or top end.  The inlet 343 may be configured to Huidly
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connect the riser 344, and thus the connection fubes 346, with a mantfold, e g, manifold 50, such
that fluid flows from the manifold into the riser 344, The outlet 349 may include a vent filter that
allows alr or gas to exit the riser 340 and prevent fhuid from exiting the riser 340. The ocutlet 349
may be open to an environment surrounding the filling system such that the outlet 349 allows air
ov gas fo freely exit the filling systeny. The outlet 349 may include an asepticvent flter to allow
air or gas to freely exit the {itling system while preventing contamination of fhuid within the filling
system.  The environment surrounding the filling svstern may be a sterile or non-sterile
enviromment. In some embodiments, the riser 340 includes a bubble trap 360 upstream of the

outiet 349,

[008%]  The riser 340 includes interlink tubss 348 and connectors 345, Rach connector 345 is
associated with a respective one of the connection tubes 346 to fluidly connect two of the interlink
tubes 348 with a respective one of the connection tubes 346, As shown, the interlink tubey 348
form a substantially vertical portion of the riser 344 with the connectors 343 positioned between
the interlink tubes 348, A first interlink fube 34€ extends from the inlat 343 to a first connector
348 which fluidly conpects fo a first connection twbe 336, A second interlink tube 348 extends
from the first connector 345 to a second connector 345 which fluidly connects to a second
comnection tube 346, A third interlink tube 348 extends from the second connector 345 1o a third
connector 343 which fluidly connects fo a third connection tube 346, A fourth interlink tmbe 348
extends from the thizd conuector 345 1o g fourth connector 345 which fluidly commects to & fourth
conpection tube 346, A fifth interlink tube 348 extends from the founh connector 345 10 a fifth
connector 345 which fluidly connects to a fifth connection tube 346, A sixth interlink tube 348
extends from the fifth connector 345 to the outlet 349 and may include the bubble trap 360, In
embodiments; the riser 344 may nclude less than six inferlink ubes 348 and less than five
connection fubes or may inclade more than six inteclink twbes 348 and more than five connection
tubes 346,

{00867  With additions] veference to FIG. 12, each connector 345 includes interlink portions
3453, 345¢ that are substantially aligned or coaxial with one another with a connection portion
345b extending substantighly perpendicular from the interlink portions 345a, 345¢. When the
interlink portions 345a. 345¢ are coaxially aligned with one another, a central longitudinal axis of

each interlink portion 345a, 345¢ co-axially aligned with one another. The connector portion 345b
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defines a central longitudinal axis that extends substantially perpendicular to the central

longitudinal axes of the interhink portions 348a, 345¢.

{00871  Each interhink portion 34358, 345¢ is configured to fluidly couple to 8 respective
mnterlink tabe 348 and the connection portion 345k is configured to fluidly couple to a respective
connection tube 346, I some embodiments, the tube geometry of the comnector 345 s in a
vertically aligned orientation with the interlink portions 3433, 345¢ extending substantially
vertically and the comection portion 345b extending in a sabstantially horizontal direction from
the jnterlink portions 345g, 345¢. In certain embodiments, the tube geometry-of the connector 345
may be in an angled orientation such that the connection portion 345b is angled downward from
horizontal at an inchination angle & in & range of § degrees 1o 35 degress, e.g., 10 degrees to 35
degrees, 10 degrees to 15 degrees, 10 degrees, ov 1§ degrees, as shown in FIG. 12, [t will be
appreciated that in the anglad orientation, the interlink portions 3435, 345¢ are offset from vertical
at the inclination angle. The angled tube geometry of the connector 345 may tmprove priming of
storage containers fhdly coupled 1o the connection tubes 346. The angles may be measure relative

to the respective central ongitudinal axes.

{00881 The wansfer tube sets 340, 440 are shown with fluid contral devices in the form of
clamps that selectively close or pinch a lumen defined by the interlink tubes 348, 448, the
comection tubes 346, 448, or the conpectors 3435, 445, The fluid contrel devices may be any
suitable fluid control device including a pinch clanp, e.g., pinch valves 22 ¢ valve, a rotary clamyp,
Quickseals or other clamp or valve capable of selectivedy close & lumen defined by a respective
tube,  In embodiments, sach interlink tube 348, 448, each connection tube 346, 448, or each
connentor 345, 445 may inclade a fluid control device. In certain embediments, fluid control
devices are disposed about the transfer tube set 340, 440 based on the application and the status of
priming or filling of the transfer tube set 340, 440 or the storage comtainers. In some embodiments,

fluad control devices may be located on portions of the storage containersor the risers,

{00891 With reference to FIGS. 13 and 14, another trausfer tube set 440 is provided i
accordance with embodiments of the present disclosure. The transfer tube set 440 may be used
with a filling system andfor valve tower, c.g., Blling system 16 ov valve tower 20, as detailed above

o prime and fill storsge containers with a biopharmaceuntical composition. The transfer tube set
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44 includes conection tubes 446 that form links 441 with the storage containers. The fransfer
tube set 440 inclades connection tubes 446 that form links with the storage contaisers to fluidly
cormect the storage containers as detailed above. The geometry of the connection fubes 446 may

be maintained by a tube holding apparatus, e.g., tube holding appavatus 100, 200.

{0090]  The transfer tube set 440 includes a riser 444 that mcludes an mlet 443 at g first or
bottom end and an outlet 449 at a second or topend.  The inlet 443 may be configured to fhndly
connect the riser 44, and thus the connection tubgs 446, with & manifold, e.g., manifold 30, such
that fluid flows from the manifold into the riser 444, The outlet 449 may include a vent filter that
allows air or gas o exit the riser 444 and prevent fluid from exiting the riser 444, In some
embodiments, the riser 444 ncludes a bubble trap 460 upstream of the outlet 449, The transfer
tubie-set 440 iy similar to the transfer tube set 340 detailed above with the leading “4” replacing the

leading “37 with only the differences detailed herein for reasons of brevity.

{0091}  The interlink tubes 448 have a length greater than the vertical distance between the
valves 22 of the valve tower 20 (FIG. 6} such thiat the inlertink tubes 448 have a C ora U shape
between adjacent connectors 445, For example, when the valves 22 of the valve tower 20 are
vertically separated by 19 cm or 20 cm, the interlink tubes 448 between adjacent connguiors 445
have a lenpth in a range of 25 cm to 35 cim, e.g., 28 om0 32 cim, or 30 o This length greater
than the vertical distance may be expressed as the length of the interlink tubes 448 being in a range
of 130 percent 1o 180 percent, e.g.. 150 percent, of the vertical distance bevween the valves 22 or
adjacent connectors 445, The € or U shape may improve the priming andéor the fill of the

containers with the transfer tube ser 440,

{0092} The connectors 443 are Y-shaped with the interink portions 4435a, 445¢ extending at
an angle from the connection portion 445b. The interlink portions 4453, 445b may define an angle
8¢ therebetween that is less than 130 degrees which is measured between the central longitudinal
axes of the interlink portions 44353, 445¢. For example, the angle 8 between the imerdink portions
4455, 445 may beto a range of 30 degrees to 130 depress, e.g., 30 degrees, 45 degrees, 60 dogress,
75 degrees, 90 deprees, or 120 degrees. The connector 445 may be in 3 vertically aligned
orientation with the councction portion 445b extending substantially horizontal divection or an

angled orientation in which the connection portion 445h is angled downward from horizomal at
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an inchnation angle & 1o a range of § degrees to 35 degrees, eg., 10 degrees to 35 degrees, 10
degrees to' 1S degrees, 10 degrees; or 13 degrees, as shown in FIG. 14, The connection portion
445b may be offser frons one or both of the interlink portions 443a, 445¢ by any angle & which is

in g range of 115 degrees to 163 degrees, g, 135 degrees or 150 degress.

190931 The conpectors 445 mncrease the length of the vser 444 of the tanster fube set 440
compared 1o the riser 344 of the transfer tube set 340, The angle of the interlink portion 4452 may
direct fluid flowing from the inlet 443 towards the connection portion 445b such that the fluid is
more likely to flow into the connection tube 446 than fowards the intetlink portion 445¢. The
inerease 11 the length of the riser 440 and/or the angle of the interlink portion 4435a of the connector

445 nay promote filling of the connection tubes 446 and the storage containers connected thereto,

[0094]  Referring to FIG. 15, the transfer tube set 340 includes the bubble trap 360 that is
downsiream of the last or top connector 345 and upstream of the ontlet 349, The babble frap 360
inchudes, from downsiream {o upstream, a leading or entry segment 362, a trap segment 364, a
bulb 366, and 4 trailing or veni segment 368, The entry segment 362 i3 disposed above the trap
segment 364 such that fluid entering the bubble trap 360 must flows downward via gravity from
the entry segment 362 to the trap segment 364. The trap segment 364 forms the lowestanost part
of the bubble trap 360, The trap segment 364 flows into the bottom of the bulb 366, The bulb 366
defines a chamber 367 that has a farge volume to receive fluid during priming and filling of storage
comainers with the riser 340, As shown, the bulb 364 is substantially counical or frustoconical in
shape with a large diameter at the base or bottom and a snaller diameter at the tip or top. The bulb
366 can have any shape such that the chambier 367 has a volume large enpugh tocontain Suld thiat
passes o the bulb 366, Forexanmple, the bulb 366 may be rectangular, pyramidal, or spherical
in shape. In some embodiments, the bulh 366 15 in the form of a bag & a rigid contatner, The
volume of the chamber 367 may be large enough to capture an adequate amount of fluid to fully
prime the storage containers. The vohune of the chamber 367 may be in & range of 100 mi to
3000 mi, e.g., 200 mL, 250 mL, 300 mL, 1000 mb, 1500 mL, 2000 mi, or 2500 mL. The entire
bulb 366 is disposed above the trap segment 364, The vent segment 368 extends from the ip or
top of the bulb 366 to the outlet 349 of the riser 340, The vent segment 368 may nclode & vem
filter that allows from air or gas to pass through the vent filier and prevents liquid from passing

through the vent filter. The vent filter may be a hydrophobic filter. The volume of the chamber
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367 may be gized to accommodate a volome of fluid duning priming fo prevent fluid fom
contacting the vent filter.  The use of the bubble trap 360 may allow for capture of Huid used for
priming the riser 340, In some embodiments, fluid contacting the vent filter may contaminate the
fluid such that the fhed may need to be discarded. The fluid captured in the bulb 366 may be used
to recover the fhud for a future use such that the recovered fhud is not discarded or considered

waste.

j8095] As discussed berein, the transfier tubg sety discussed herein, e.g., transfer tube sets 40,
340, 440, are used to prime and i storage containers with fluid and may be used to recover fluid
from priming. As detailed below, several aspects of the transfer tube sets 40 were evaluated 1o
determine the effect of different aspects on the efficacy and repeatability or robustness of the
priming and filling of storage vontamers. Specifically, computational fluid dvnamics was used to
model the system in both two dimensions and three dimensions to determine the effect of different
aspects of the transfer tube sets 40 1n addition, the modeled results were confinmed with several
experimental runs. For example, a geometry of the connection tubes 446, the type of the connector
{2.8., T-connector 345 or Y-connector 4453, inclination angle, fluid viscosity, wall roughness, and

type of flow were each mmodeled.

10096} Withs reference to FIGS. 16 and 17, the two geometries of the connection tubes 446
are shown. The first geometry, shown in FIG. 16, illustrates a geometry of the connection tubes
446 where the connection tubes 446 may dip such that 3 middie segment 446 of one or more of
the conmection tubes 446 is below an end segment 436¢ of the connection tube 446, Asshown in
FIGr. 16, the end segment 4460 may trap air bubbles after priming. This dip may cause a porticn
of the connection tube 446 to have a positive slope from the connector 445 1o the end segment
445 have a negative slope from the connector 445 through the end segment 446¢ such that any air
trapped in the connection tube 446 passes fram the connection tube 446 inte the riser 444, From
the modeling, 1t was found that the geometry of the connection fubes 446 is a significant factor in
the priming of the ransfer tube set 440, For exarople, with the first georgetry, air was frequently
trapped in the connection tubes soch that incomplete printing was freguent.  In addition, during
priming, the amount of fluid captured in the bubble trap, the fill percentage, was higher for the

first geometry than the second peometry. The second geometry was found to allow for full priming
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of'the transfer tube set such that all air is removed from the transfer tube set upsiveam of the bubble

trap.

{60977 The tebes of the transter sets 340, 440 detatled above, e, interbink tubes 348, 448,
tubes of conneciors 345, 445, and connection lubes 346, 446, may have a diameter sufficient to
allow fhad to fow through the tubes without obstretion while allowing the fluid control desaces
to selectively close the respective tube by pinching or clamping the fube o close the tube. In
embodiments, all of the tabes of & transfer tabe set 340, 440 have the same diameter. Alternatively,
the diameters of the tobes of the transter tube set 340, 440 may differ from one another based on
the type of the tube, e.g., 1nterlink, connector, or connection, and/or the position of the tube within
the transter tbe set, s.g., Tor the first storage Container or the last storage container. For exanyple,
a connection tobe may have a smaller diameter than the interlink tubes. In certain embodiments,
the diameter of the interlink tubes adjacent the first or lowest connector may be large than the
interfink tubes adjacent the last or uppermost connector. The tubes of the transfer sets 340, 440
may have an outer diameter ina rangs of 3/16 inches (4.8 nun) to 3/4 inches (19 mum), ey, 316
inches (4.8 mm), 174 inches (6.3 mm), 316 inches (7.9 mun), 3/8 inches (9.5 mm), 7/16 inches
{111 mm), 172 tnches {12.7 mumg), 9716 tnches €142 mm, 3/8 snches, (15.8 mun), 1116 inches
{174 mm), or 3/4 inches (19 mny). The inner diameter of the tubes of the transter tube sets 340,

440 may be common diameters based on outer disneter of the respective tube.

100981 Itis noted that the tube holding apparatuses detailed above, e.g. tube holding apparatus
100 or tube holding apparatus 200, may be used to maintain the connection tubes 446 i the second
geometry. In some embodiments, the length of the connection tubes 446, the position of the
storage confainers, or other factors may be used o maintain the connection wbes 446 inthe second

gsameny during pruming or {illing eperations.

[88991  Another aspect of the transfer tube sets thay were modeled were the type of connector.
Specifically, & T-connector 345 (FIGS. 11 and 12) and a Y-connector 443 (FIGS. 13 and 14) were
modeled. In the models, with all other aspecis matntained, the T-connector 343 and the Y-
connector 445 had similar priming times to achieve full priming of the connection tubes. However,
the fill percentage of the bubble trap was significantly greater for the T-connector 345 when

compared to the Y-comector 445 such that the Y-connector 445 outperformed the T-connector
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345, Forexample, in some modgls, the 1l percentage for the T-comnector 345 was double the i}
percentage with the Yeconnector 443, Tn addition, bath the time 1o prime and the il percentage
of the bubble tap were consistent for the Y-connector 445 to achieve a full priming of the
connection tubes. In contrast, the time 1o prime and the Gl percentage of the bubble trap with the
T-connector 345 varted for each ran of the wodell  As such, the models indicate that the Y-
connector 445 provided robust and repetitive results.  When the connectors were tested
experimantally, these results were confirmed showing that the Y-comngctor 445 provided
consistent priming with repeatable priming times and 6l percentages of the bubble trap. For
example, the Y-configuration achieved a full prime in less than 150 seconds 96 percent of the time
with only one priming fatlure. In contrast, priming with the T-connector 345 took longer and was
less consistent with full priming cccurring in less than 210 seconds 62 percent of the time with
priming failures cccurring in a range of 270 seconds to 360 seconds. It is noted that the one
priming failure of the Y-connector 443 may have been attributable to tube geometry and not the
connegtor. In addition, in the experintents, the Y-connector 443 achieved a full prime with less
than 10 percent of the fluid in the bubble trap compared to the T-connector 345, Specifically, in
the experipents, a full prime was achieved with the Y-connector 4435 with 51 mb of flmid mn the

bubble grap compared to 640 mbin the bubble tap for full primes with the T-connector 345,

[00108]  Another aspect of the transter tubs set that was modeled was the inclination angle 8 of
the connector.  As detailed shove, the inclination angle 8 of the connector is the angle of the
connection portion downward from hotizontal. The mode! tested inclination angles & of 10, 15,
20, and 30 degrees. From the model, both the prime time and the fill percentage of the bubble trap
appeared to decrease as the inclination angle increased. It is noted that as the inclination angle

changes, the tube geometry may also be modified.

[00161] Sl another aspect of the ransfer tube set that was modeled was the visvosity of the
fluid being distributed, The model tested fuids having g viscosity of 1 centipoise (¢P), 10 ¢P, 73
cB, and 100 ¢P through the same transfer twbe set. In the models, all of the fluad viscosities
achieved full priming with the | cP and the 10 cP fluids performing with similar priming times
and il percentages of the bubble trap. The 75 ¢P fhuid had 2 prime time and a Al percentage of
the bubble teap each about double that of the T cP and the 10 ¢P fluid. The 100 ¢P fhud further

increased the prime tinte but greatly increased the il percentage of the bubble trap, .., 10 times

28



WO 2024/218711 PCT/1B2024/053800

greater than the 75 ¢p fhad, but still achieved o full prime. As spch, the 100 ¢F fhad may be near
the upper Iimit of fluid viscosity for the modeled transter tube set. However, increasing the tube
diameter or other-aspects of the iransfer tube set may extend the range of tluid viscosities above
106 ¢P if nesded for pacticolar applications. It was also noted that as the viscosity of the fluid

increased, a decrease in the flow gate of the fluid improved efficiency of the priming.

[00102]  The wall roughness and the type of flow of the Huid (e.g., laminar, transitional, or
turbulent) were also evaluated. However, wall roughness and type of flow of the fluid appeared
to have little effect on the prime time or the fill percentage of the bubble trap. In addition, the
predictability and reliability of the prime time and the {ill percentage of the bubble trap remained

consistent with each of the tests for wall roughness and the type of flow of the fluid.

[00103]  With reference to FIG. 1§, a method of priming a transfer tube set 1000 i3 provided in
accordance with the present disclosiwe. The method 1000 is described with reference to the filling
systern 10, the tube holding apparatus 200, and the transfer tube set 440 shown in FIGS. -10, 13,
and 14, The method 1000 is used to prime or remove alr from the transfer tube set 4406 andfor the
storage containers 32 Joaded on the fill and drain station 30. Removing air from the transfer tube
set 440 andfor the storage containers 32 may improve filling of the storage contamers 32, may
improve freezing of Nluid withip the storage containers 32, and may maprove the accuracy of an

amount of fluid within the storage container 32.

[08104]  To begin, the storage contatners 32 are loaded onto the fill and drain station 30 (Step
1010). The storage containess 32 may all be the same size or may be of different sizes: The fill
and drain station 30 may be a single sided including a single valve tower 20 or may be dual sided
including two valve towers 20. When the storage containers 32 are loaded onto the fill and drain
station 30, the storage containers 32 may be positioned on the scale that 1z configured to weigh an

amount of fluid within the storage containers 32,

100105]  The transter tube set 440 is installed onto the valve tower 20 (Step 1020}, The transfer
tube set 440 is installed by securing the transfer tube set 440 to the valve tower 20 such that each
connector 445 of the transfer tube set 440 is positioned adjacent 4 valve 22 which corresponds to
arespective one of the storage containers 32, Specifically, cach connector 445 is positioned abave

the respective storage container 32 such that the connection tube 446 that extends from the
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connector 448 has a tube geometry with a negative slope along the entive length to the storage
commector 32 with the connection twbe 446 passing through a respective valve 22, fn some
embodiments, & tube holder, e g, tube holder 100, 200, may be used to set and maintain the tube
geometry of the connection tube 446 and/or a container tube 36 extending from the container. The
tube. geometry of the connection tube 446 andfor the container tube 36 may be maintained such
that there is a negative slope from the connector 4435 to the respective container 32, The negative
slope may ablow air or gases to travel up the container tube 36 and the connection tube 446 such
that the air or gasses pass through the connector 445 and into the risér 444 of the transfer tube set
444 as detailed below. An inclination angle of each of the connectors 448 may be set to-2 desired
angle such that the connection portion 445b is angled downward from horizontal {Step 1024). The
inclination angle may be in & range of 10 degrees to 60 degrees. The inclination angle of each

connector 443 may aid in priming of the transter tube et 440,

[00166]  Insialling the transfer tube set 440 may include securing a bubble trap 460 of the
transfer tube set 440 1o the valve tower 20 (Step 10263, Securing the bubble trap 460 may mclude
positioning the bubble trap 460 such that the trap segment 463 formy the lowest pontion of the
bubble trap 460 that Jows upward into the chamber 467 of the bulb 466. 1o embodiments including
the entry segment, the entry segment is positioned over the trap segment 464, In addition, the vent
segment 468 is positioned to extend from a fop of the bulb 466 such that the vent segment 468

termingtes gbove the trap segment 464

[00107]  installing the transfer tube set 440 also includes fluidly coupling the transfer tube set
440 to an outlet of a manifold 50 of the valve tower 20 (Step 1028). The manifold 30 having one
or more outlets that allow for use of the manifold 50 with muRiple transfér tube sets before being
replaced.  The manifold 50 of one valve tower 20 miay be Muidly coupled to a manifold 530 of
another valve tower 50 such that both valve towers may receive Thiid from a single supply vessel
14, It is noted that the manifold S0, the transter tube set 440, andior the containers 32 may have
flow control devices that are manually or automated o prevent or allow fluid o flow through
respective paths during priming and/or filling operations. The flow control devices may sHow for
sequential or simultanecus priming and/or fitling of the wansfer tube sets 440 and the storage

containers 32,
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{60108] A sopply vessel 14 i3 positioned in or i commmanication with a control tower 12 which
is fluidly coupled to the manifold 50 of the valve tower 20 (Step 1030}, The supply vessel may
inchude a biopharmaceutical composition to be distributed to each of the storage contaivers. The
control tower may inclade one or more filters to filter or clean the biopharmaceatival composition

before the biopharmaceatical compesition enters the manifold 50.

[80109]  With the storage containers 32 loaded onto the FDS 30, the transfer tube sets 440
installed on the valve tower 20, and the supply vessel fiadly coupled to the manifolds 50 the fitling
svstem 10 1s preparved for priming. To start priming, the control tower is operated to provide a
flow of fluid to the manifold 30 {Step 1110}, BRefore, during, or after Sow of fuid begins, flow
control devices of the manifold 50 and the transfer tube set 440 are controlled such that there is an
open fluid path that extends from the supply vessel, the manifold 30, through the riser 444 of the
transfer tube set 440, to the sutlet 449 of the transfor tube set 440, In some embodiments, fluid
control devices i the connection tubes 446 are closed to prevent fluid from flowing into the storage
containers. Suvch fluid control devices may close the connection tube 446 or a container tube 36
coupled to the connection tube 446, In other embodiments, flnid control devices are controlled

such that each of the stovage containers 32 have an open flaid path that extends 1o the ottlet 449,

[00118]  The flid flow sate may be constant through the priming process. In some
embodiments, the fluid flow rate may vary duging the priming procedure. For example, at the start
of a priming process, the fluid fow rate may have g first or high flow rate that allows fluid to fill
the manifold 50 and the riser 444 of the transfer tube set 440. This first flow rate may last fora
few seconds to a minute depending on the viscosity of the fluid, the volume of the transfer tube
set, and other factors. Once the transfer tube st 440 is filled to the last or top connector 445, the
fiuid may be provided at a second or low flow rate while the fhud {ills the connection tubes 446
and/or the containers 32, As the fhuid flows into the transfer tube set 440, air andfor gas within the
connection tubes 446 andior the containers 32 How fowards the riser 444 of the transfer tube set
440 and are encouraged to flow through the bubble trap 460 such that the air and gas éxit the
transfer tube set 440, Thetransfer tube set 44045 considered fully primed when all or substantially
all of the air is removed apstream of the last oruppermaost connector 445 or at the start of the entry

sepment 462 of the bubble trap 460, The second flow rate may allow fluid 1o displace air and gas
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from the conpection tubes 446 and the storage containers 32 while the air and gas low downstream

towards the outlet 449

[00111] Winle the air and gas flow out the bubble trap 460, some floid may enter the bulb 446
of the bubble trap 460. The fluid that enters the bulb 446 may represent a fill percentage of the
bubble trap 460 In embodiments where the bubble trap 460 includes an entry segment 462
positioned above the rap segment 464, the fluid in the bolb 446 remains wottl the priming i3
complete. It the bulb 446 entively fills with fluid befove priming is vomplete, the priming process

may be considered to have failed.

190112]  In some embodiments where the transfer tube set 440 is primed with the storage
contamners 32 isolated by a flow controller, the method 1000 {illing the storage comtainers 32 with
fhad after priming of the transfer tube set 440 (Step 1120). Filling the storage containers 32 may
include opening 2 fHow controlier of one or more of the sforage containers 32 while a flow of fluid
is provided. The flow rate of fluid during filling may be the same as the first flow rate or the
second How wate or may be different from the first or second fow rate. In some embodiments the
flow rate during filling may be greater than the second flow rate but less than the first flow rate.
The flow controller of the storage container 32 may be closed when the storage container 32 is
filled with a desived amount of fluid. The desired amount of fluid may be determined by the scale
of the FDS 30, When the container 32 is filled, the flow controller of the container 32 may be
controlied to close or isalate the container 32 and a flow controller of anpther container 32 may be
opened to fill another container 32, The containers 32 may be filled from botom to top or from

top to bottom.

[00113]  In some embodiments, fluid from the wansfer tube set 440 andior e bubble trap 460
may be recaptured (Step 1130}, For example, the fluid from the transfer tube set 440 or the bubible
trap 460 is filtered and maintained aseptic such that the fluid remains viable for a future use. By
maintaining the fluid in the bubble trap 460 visble for future use, the fluid withii the bubble trap
4050 is not considered waste but s recovered, As the bopharmaceutical conposition of the fluid
recaptured in the bubble trap 460 can be expensive, reducing waste fluid scan result in sigiificant

COSE savings.
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{00114]  Although the method steps are described in a specific order, i showld be understood
that other steps may be performed inbetween described steps, deseribed steps may be adjusted s0
that they occur at shghily different times, or the described steps may ocour in any order ualess

otherwise specified.

[0B115] While several embodiments of the dsclosure have been shows i the drawings, #3¢
not iended that the disclosure be Himited thersto, a8 i is intended that the disclosure be as broad
i scope as the art will allow and that the specification be read likewise. Any combination of the
above embodiments is also envisioned and is within the scope of the appended cluims, Therefore,
the above descripion should not be construed as linuting, but merely as exemplifications of
particular pmbodiments. Those skifled in the srt will envisiony other modifications withif the scope

of the claims appended hereto,
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i A filling system for filling storage containers with a fluid, the filling system comprising:
a first storage comtainer;
asevond storage Cohtainer;
a valve tower baving a manifold, the manifold configured 1o receive a fluid; and
a transfer tube set comprising:
anyinfet at an upstream and of the transtfer tube set, the inlet fhuidly coupled to the
manifold:
an outlet at a8 downswrgam end of the transfer tube set, the outlet open to an
envirenment surrounding the filling system;
a first connection tube fuidly coupled 1o the first storage container o asepiically
provide fluid from the manifold to the first storage container;
a second connection tubs fluidly coupled to the second storage container to
aseptically provide fluid from the manifold to the second storage container; and
a riser extending between and fluidly coupling the inlet to the outlet, the riser
including a first connector that fluidly couples the first connection tubg to the
riser, the riser ncluding a second. connector that fluidly couples the second
conngction twbe o the riser, the fist connectior comprises:
a first interlink portion;
# second interhink portion; and
a connection postion extending front the first interlink portion and the
second imerlink portion to form a Yeshape with the first interlink
portion and the second interlink portion defining a Y-angle
therebetween less than 130 degrees, the connection portion of the first
connector fuidly coupled to the first connection tube and configured to

ill the first storage contaiver with the fhid received by the manifold.

2. The filling system according to claim 1, wherein the Y-angle between the first interlink

portion and the second imerlink portion is inarange of 30 degrees 1o 90 degrees.
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B3

3, The filing systerm sceording o clatm |}, further comprising a fube holding apparatus
configured to mamtain a negative slope in the first connection tube from the first connector to the

first storage container.

4. The filling system according to clatm 1, further comprising a Hll and drain station that
supports the first storage container and the second storage container, the fill and drain station
including a scale configured {0 determime a volame of Tuid 1n the first storage container and the

second storage confainer based on a mass of the fill and drain station.

s The flling system according to claim 1, wherein the connection portion of the first

commector is angled dowaward at an inclination angle from horizontal,

6. The filling systern according to clatm 5, wherein the inclination angle is in a range of 13

degrees to 35 degrees,

1 The filling system according to claim 1, wherein the first interlink portion defines a first
mitsrtink ventral longitudinal axis and the connector portion defines a connector central
longitedinal axis, the first interlink central longitudinal axis and the connector central longitudinal
axis offset from one another by a connector angle, the connector angle being greater than or equal

to 115 degrees.

&, The filling system according to claim 7, wherein the connector angle is in a vange of 135

degrees to 165 degrees.

2, The filling system according to clainn 1, wherein the viser includes a first inerlink tube that
extends berween and fhuidly couples the fivst Connector and the second comnector, the first interlink
tube having a length in a range of 130 percent and 180 percent of the vertical distance between the

first conuector and the second comnector.
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10 The filling system according fo claim 1, the transfer tube set includes a bubble tap
downstream of the second comnector and upstreany of the outlet, the bubble trap confipured to
aseptically receive and store fhuid from priming such that the captured flnid may be recaptured

without further processing.

¥1. The filling system according to claim 10, wherein the bubble frap includes a trap seement,
a bulb, and a vent scoment, the wap sepment positioned between the second connector dnd the
bulb, the trap segment i divect commumication with and positioned below the bulb, the vemt

sepment extending vertically from the balb and extending to the outlet,

12, The filling system according to claimy 11, wherein the bulb is sized such that the bulb is

configured to only be partially filed during a priming process.

P
23

Acfilling system for filling storage containers with a fluid, the filling system comprising:
a first storage container;
a second storage container;
a valve tower having a manifold, the mantfold configured to receive a fluid; and
a transfer tube set comprising:
an filet at an upstream end of the transter tube set, the indet fluddly coupled to the
mamfold;
an outlet at a downstream end of the transfer wbe set, the outlet open to an
envirorment suirounding the filling svsteny
a first comnection tube fhudly coupled to the first storage container to aseptically
provide Huid from the manifold to the first storage contamer;
a second copnection tabe fhudly coupled to the second storage containeg ©
aseptically provide fluid from the mamfold to the second storage container; and
a riser extending between and fluidly coupling the inlet to the outlet, the riser
mchuding a first interlink tube, a second interlink tube, a first connector, and a
secoud cotnector thal are in fluid conwnuntcation with one another, the st

interiink tube extending from the inlet to the first connector, the second interlink
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tube extending between the first connector and the second connector, the fivst
COMIECIOr comprises;
a first interlink portion fluidly coupled to the first interlink tube;
a second interlink portion flutdly coupled fo the second interliok tbe; and
a connection portion extending from the first mterlink portion and the
second interlink portion, the connection portion of the first connector
fluidlvcoupled to the first connection fube and configared to fill the first
storage container with the fluid received by the manifold, the connection

portion angled downward at an inclination angle from horizontal.

14, The filling system according to claim 13, wherein the inclination angle 13 in a range of 13

degrees 1o 35 degrees.

15 The filling system according to clatm 13, wherein the inchination ngle s v g range of 15

degrees to 30 degrees.

16, The filling system according to claim 13, wherein the connection portion extends from the
first interlink portion and the second interlink portion to form a Y-shape with the first interlink

portion and the second interlink portion,

i1 The filling system according 1o clabm 16, wherein the first interlink portion and the second

interlink portion defining an angle therebetween less than 130 degrees.

1&  The filling system according to claim 17, wherein the angle between the Hrest interlink

portion and the second interlink portion 18 v a range of 30 degraes to R0 degrees.

19, The filling systent according to claim 16, wherein the first inferlink portion defines a first
mterhink central longiudinal axis and the connector portion defines a connector ceatral

Tongitudinal axis, the fiest interlink central lopgitudinal axis and the conpector central tongitadinal
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axis offset frony one another by & comector angle, the connector angle being greater than or equal

ty 113 degrees.

0. The filling system accoerding to claim 13, the transfer wbe set includes a bubble trap
downsiream of the second connector and upstream of the outlet, the bubble wap configued to
asepticatly receive and store fluid from prinving such that the captured flnid may be recaprured

withoot forther provessing.

31 The filling svstem according to-claim 20, wherein the bubble trap includes a trap segment,
g buib, and a vent segiment, the trap segment positioned between the second comector and the
Gulb, the trap segment in direct commumication with and positionsd below the bulb, the vent

segment extending vertically from the balb and extending (o the outlet,

22, The filling system according to claim 21, wherein the bulb is sized such that the bulb is

configured to only be partially filled during a priming process.

23, A tansfer tabe set compuising

an inlet at an upstream end of the transter tube set, the inlet configured to fluidly couple to
a manifold to receive fluid;

an sutlet af & downstream end of the transfer tube sef; the outlet open to an environment
surrounding the transfer tube set;

 first connection tube configured to fuidly couple to a first storage container to aseptically
provide fluid from the manifold o the first storage container;

a second connection tube configured to fluidly couple © a second storage container to
aseptically provide fluid from the mantfold to the second storage container; and

a riser extending between and fuidly coupling the inlet to the outlet, the riser including a
first connector that fluidly couples the first connection tube 10 the riser, the riser including a second
connector that fludly couples the second ¢onnection tube to the riser, the first connector
comprising;

a fiest fnterlink portion defining a first interlink central longiodingd axis;
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a second interlink portion defining a second interlink central longitudinal axis, the
secomd interfink central longitndinal axis offset at a Yeangle from the first interlink
central tongitudinal axis, the Y-angle being Jess than 135 degress; and

a vonnection pottion extending from the first inteslink portion and the second interlink
portion to form s Y-shape with the first interdink portion and the second interhink
portion, the connection portion of the first connector fluidly coupled to the first

connection tube.

24, The transfer mube set goecording to clatm 23 wherein the Yeangle i in g range of 30 degrees

0. 90 degrees.

25, The trausfer tube set according to clatm 23, wherein the connection portion defines a
connection centrsl longitudingl axis, the contection contral longitudingl axis offset fom the fivst
interlink central longiudinal axis by a connection angle, the connection angle being greater than

oregoal to 113 degrees,

26.  The transfer tube set according to claim 23, further comprising a bubble trap downstream
of ihie second Conngctor and upstream of the outlet, the bubble tap configured to aseptically
receive and store fuid from priming such that the captured fluid may be recaptured without further

Processing.

27, The wansfer wbe set according 1o ¢laim 26, wherein the bubble trap includes a trap
segment, a bulb, and a vent segment, the trap segment positioned between the second connegtor
and the bulb, the trap segment in divect conwnunication with and positioned below the bulb, the

vent-segment extending vertically fom the bulb and extending o the outles,

28, The transter tube sat according to claim 27, wherein the bulb is sized such that the bulb is

conflgured to only be partially filed during a priming process.
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29 The filling system according to claim 23, whereln the riser includes a firsi interlink tabe
that Buidly couples to the second interlink postion of the first connector and to the fivst interlink
portion of the second connector to fuidly couple the first connector and the second connector, the
first intertink twbe configured to have a C-shaps when the first conmector and the second connsctor

arenstalled on a valve tower,

30, The filling system according 1o claim 23, whevein the riser mclodes a first interlink tube
that floddly couples to the second fmterlink portion of the frat conpectorand to the Hréetntertink
portion of the second connector to fluidly couple the first connector and the second connector, the
first connector and the second connector configured o be installed on a valve tower such that a
vertical distance is defined therebetween, the first interlink tube having a length it a range of 130
percent and 180 percent of the vertical distance between the first connector and the second

connector when the first connector and the second connector ave mstalled on the valve tower,
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