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SYSTEMS AND METHODS FOR TANGENTIAL FLOW FILTRATION OF
VISCOUS COMPOSITIONS

CLAIM FOR PRIOIRITY
[0001] The present application claims the benefit of co-pending United States provisional
patent application no. 62/814,212 filed March 5, 2019, the content of which is incorporated

herein by reference in their entirety.

BACKGROUND

[0002] Tangential flow filtration (TFF) is filtration where an input composition being filtered
flows continuously along-side the filter (known as a "filter membrane"). In contrast, in "direct
flow filtration" (also known as "dead end" filtration) the input composition flows directly into
a filter held at the end of a tube or container, like a coffee filter held at the end/bottom of the
brewing container. In TFF, anything that crosses (permeates) the filter membrane is known as
the "permeate" and anything that stays on (is retained on) the initial side of the membrane is
known as the "retentate". Typically, the filter membrane filters out smaller molecules that flow
through the filter as a part of the permeate. Larger molecules are retained in the retentate. TFF
is a good way to separate and/or purify "biomolecules", which are molecules such as proteins,
polysaccharides and DNA that are obtained from biological sources.

[0003] One problem for both TFF and dead-end filters is that the filter tends to get clogged
over time, which slows down the filtering across the filter membrane (also known as low
permeate flow rates). One advantage of TFF is that, if done correctly, it can continuously wash
away the clog: the constant flow of the input composition parallel to the filter membrane
prevents the retained larger molecules from building up on the membrane surface. To avoid
clogging, the flow rate of the input composition along the filter must be fast enough to keep
the larger molecules from sticking to and building up on the filter membrane: the high flow

rate sweeps them away. High flow rates, however, cause pressure to build-up at the input
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composition inlet. If the pressure builds up too much, it can cause the tubing bringing in the
input composition and/or the input pump to fail.

[0004] 1It's difficult to accomplish large scale TFF of large biomolecules because they form
highly viscous input compositions, which in turn causes high pressure build-up during the TFF
process. Another problem with large biomolecules is that they settle to the bottom of storage
tanks over time. This causes a "concentration gradient", which means that there are more
biomolecules at the bottom of the container than the top, and which in turn means that the input
composition at the bottom is more viscous than the input composition at the top. This causes
inconsistent and even unexpected high-pressure problems, in addition to clogging the filter and
long processing times.

[0005] Thus, there has gone unmet a need for improved systems, methods, etc., that improve
the TFF of large biomolecules and/or protect TFF systems from pressure build up. The present

systems and methods, etc., provide these and/or other advantages.

SUMMARY

[0006] Apparatus, methods, etc., are provided for improved, and aseptic if desired, TFF of
viscous compositions including those comprising large biomolecules. Such viscous
compositions include viscous fluids, solutions, gels, pastes, creams and suspensions, with
viscosities greater than 10 cP, 20 cP, 50 cP or 100 cP, to be processed by the systems herein.
High molecular weight fucan compositions are examples of biomolecules of considerable
industrial interest. Viscous compositions can comprise high molecular weight fucan
compositions, for example, solutions, gels, pastes, creams or suspensions comprising a
quantity of high molecular weight fucan compositions that results in a composition-viscosity
of greater than 10 cP, 20 cP, 50 cP or 100 cP. Fucans, such as fucoidan, are sulfated
polysaccharides that are typically derived from seaweeds and that have been shown to be
effective in treating fibrous adhesions and other medical conditions and/or disorders. Viscous
compositions comprising fucans are exemplary input compositions to be processed by the

systems discussed herein.
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[0007] In some respects, the methods, systems, etc., may comprise a tangential flow filtration
(TFF) system comprising:
a tangential flow filtration (TFF) module;
a storage vessel comprising an input composition;
a tangential flow filtration input supply tube operably connected to deliver input
composition from the storage vessel to the tangential flow filtration module; and
a retentate return tube operably connected to return TFF retentate from the tangential
flow filtration module to the storage vessel; wherein
the tangential flow filtration (TFF) system further can comprise at least one aseptic
seal such that that TFF system can be configured to aseptically deliver input
composition from the storage vessel to the tangential flow filtration module and
aseptically deliver TFF retentate back to the storage vessel.
[0008] In other aspects, the methods, systems, etc., may comprise a tangential flow filtration
system comprising:
a tangential flow filtration module;
a storage vessel comprising an input composition;
a tangential flow filtration input supply tube configured to deliver input composition
from multiple depths within the storage vessel to the tangential flow filtration
module, wherein the tangential flow filtration input supply tube can comprise a
plurality of inlet ports disposed at different heights within the storage vessel; and
a retentate return tube configured to return TFF retentate from the tangential flow
filtration module to the storage vessel.
[0009] In further aspects, the methods, systems, etc., may comprise a tangential flow filtration
system comprising:
a tangential flow filtration module;
a storage vessel comprising an input composition;
a diafiltration vessel comprising a diafiltration solution;
a tangential flow filtration input supply tube operably connected to deliver input

composition from within the storage vessel to the tangential flow filtration module;
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a retentate return tube configured to return TFF retentate from the tangential flow

filtration module to the storage vessel; and

a diafiltration solution supply tube configured to deliver diafiltration solution from

the diafiltration vessel to the retentate return tube upstream from the storage vessel.
[00010] In certain embodiments, the diafiltration solution supply tube can be configured to
deliver diafiltration solution from the interior of the diafiltration vessel to the retentate return
tube proximate the tangential flow filtration module. The diafiltration solution supply tube can
be configured to deliver diafiltration solution from the interior of the diafiltration vessel to the
retentate return tube via a Y-connector. The tangential flow filtration supply tube and the
retentate return tube terminate at different depths in the interior of the storage vessel. The
tangential flow filtration (TFF) system and tangential flow filtration (TFF) module can be
configured to retain and filter a viscous composition without a substantial concentration
gradient in the viscous composition.
[00011] In certain embodiments, the viscous composition can be a viscous solution. The
viscous solution can have a viscosity of between about 10 centipoise and 5000 centipoise, 20
centipoise and 2000 centipoise, 40 centipoise and 1000 centipoise, 50 centipoise and 500
centipoise, or 10 centipoise and 200 centipoise.
[00012] In still further aspects, the methods, systems, etc., may comprise a tangential flow
filtration system comprising a) a storage vessel fluidly connected to a tangential flow filtration
module, and b) a recirculation system separate from the tangential flow filtration module and
comprising a recirculation tube having a recirculation tube inlet disposed within the storage
vessel at a depth selected to extract contents of the storage vessel and having a recirculation
tube outlet disposed inside the storage vessel, wherein the recirculation system can be
configured such that anything in the recirculation system does not pass through the tangential
flow filtration module and wherein the recirculation tube inlet and the recirculation tube outlet
can be located within in the storage vessel such that passage of the contents of the storage
vessel through the recirculation system inhibits concentration gradients within the storage

vessel.
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[00013] The recirculation tube inlet and the recirculation tube outlet can be not connected to
any tangential flow filtration module inlet or tangential flow filtration module outlet. The
recirculation system further can comprise a recirculation system pump disposed to pump the
contents of the storage vessel through the recirculation system, the recirculation system pump
not connected to the tangential flow filtration module. The tangential flow filtration module
inlet can comprise a plurality of inlet ports disposed at different locations along the tangential
flow filtration module inlet, the different locations corresponding to substantially different
depths within the storage vessel.

[00014] In certain embodiments, the systems can further comprise a recirculation system
configured to extract and return the contents of the storage vessel to and from the storage
vessel. A single supply tube can be configured to extract the contents of the storage vessel
from the storage vessel and deliver the contents of the storage vessel to both the tangential flow
filtration module and the recirculation system The recirculation system further can comprise a
recirculation return tube. The recirculation system can comprise a recirculation supply tube
that can be separate from a recirculation return tube. The tangential flow filtration input supply
tube further can comprise at least one additional inlet hole disposed along the length of the
tangential flow filtration input supply tube. The recirculation supply tube further can comprise
at least one additional inlet hole disposed along the length of the recirculation supply tube. The
input composition can fill the storage vessel to a desired storage vessel fill height.

[00015] In certain embodiments, the retentate return tube and/or recirculation return tube can
selectively terminate in the interior of the storage vessel above or below the storage vessel fill
height; in the interior of the storage vessel proximate a bottom of the storage vessel and/or can
be directed towards a side in the interior of the storage vessel.

[00016] The tangential flow filtration (TFF) system and tangential flow filtration (TFF)
module can be configured to retain and filter a viscous composition without a substantial
concentration gradient in the viscous composition. The input composition can fill the storage
vessel to a desired storage vessel fill height. The storage vessel cap seals aseptically to the top
of the storage vessel, and can be made of at least one of a pharmaceutical grade material and a

medical device grade material. The medical device grade material can comprise at least one of
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316 stainless steel, silicone, ethylene propylene diene monomer, polypropylene, high density
polyethylene, low density polyethylene and glass. The pharmaceutical grade material can
comprise at least one of 316 stainless steel, silicone, ethylene propylene diene monomer,
polypropylene, high density polyethylene, low density polyethylene and glass. The systems,
apparatus, etc., can further comprise sanitary connections.
[00017] In certain aspects, the discussion herein comprises methods for the tangential flow
filtration of an input composition. The methods can comprise:

providing the input composition in a storage vessel, the storage vessel having a top, a

bottom, at least one side and an interior and the input composition filling the storage

vessel to a desired storage vessel fill height;

providing a tangential flow filtration module;

extracting the input composition from different depths in the storage vessel;

subjecting the extracted input composition to tangential flow filtration to produce a

tangential flow filtration retentate and a tangential flow filtration permeate; and

returning the tangential flow filtration retentate to the interior of the storage vessel.
[00018] The methods can further comprise mixing the input composition in the storage vessel
by extracting and returning the input composition from and to the storage vessel and/or mixing
the tangential flow filtration retentate with a diafiltration solution before returning the
tangential flow filtration retentate to the storage vessel. The mixing can occur proximate the
tangential flow filtration module. The input composition can comprise providing a viscous
composition such as a viscous solution, for example having a centipoise measure as discussed
herein.
[00019] Returning the tangential flow retentate to the storage vessel can comprise returning
the tangential flow filtration retentate and/or recirculation fluid to the interior of the storage
vessel above or below the storage vessel fill height, to the interior of the storage vessel
proximate the bottom of the storage vessel, and/or towards a side on the interior of the storage
vessel. Mixing the input composition can comprise extracting the input composition from
different depths within the storage vessel. Mixing the input composition can comprise

returning the input composition to the interior of the storage vessel above the storage vessel



WO 2020/176990 PCT/CA2020/050295

fill height. Mixing the input composition can comprise returning the input composition to the
interior of the storage vessel below the storage vessel fill height. Mixing the input composition
can comprise returning the input composition to the interior of the storage vessel proximate
the bottom of the storage vessel. Mixing the input composition can comprise directing the input
composition towards a side on the interior of the storage vessel.

[00020] These and other aspects, features and embodiments are set forth within this
application, including the following Detailed Description and attached drawings. Unless
expressly stated otherwise, all embodiments, aspects, features, etc., can be mixed and matched,

combined and permuted in any desired manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[00021] FIG. 1A schematically depicts an exemplary system for the tangential flow filtration
(TFF) of input compositions, including avoiding or reducing concentration gradients between
the top and bottom of the storage vessels.

[00022] FIG. 1B schematically depicts another exemplary system for the tangential flow
filtration (TFF) of input compositions, including avoiding or reducing concentration gradients
between the top and bottom of the storage vessels.

[00023] FIG. 1C schematically depicts another exemplary system for the tangential flow
filtration (TFF) of input compositions, including avoiding or reducing concentration gradients
between the top and bottom of the storage vessels.

[00024] FIG. 2 schematically depicts another exemplary systems for the tangential flow
filtration (TFF) of input compositions, including avoiding or reducing concentration gradients
between the top and bottom of the storage vessels.

[00025] FIG. 3 depicts a flow chart of an exemplary method for the TFF of input compositions,
including avoiding or reducing concentration gradients between the top and bottom of the
storage vessels.

[00026] FIG. 4 depicts another flow chart of an exemplary method for the TFF of input
compositions, including avoiding or reducing concentration gradients between the top and

bottom of the storage vessels.
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[00027] The drawings, including the flow charts, present exemplary embodiments of the
present disclosure. The drawings are not necessarily to scale and certain features may be
exaggerated or otherwise represented in a manner to help illustrate and explain the present
systems, methods, etc. Actual embodiments of the systems, methods, etc., herein may include
further features or steps not shown in the drawings. The exemplifications set out herein
illustrate embodiments of the systems, methods, etc., in one or more forms, and such
exemplifications are not to be construed as limiting the scope of the disclosure in any manner.
The embodiments herein are not exhaustive and do not limit the disclosure to the precise form

disclosed, for example in the following detailed description.

DETAILED DESCRIPTION

[00028] Apparatus, methods, systems, etc., are provided for the tangential flow filtration (TFF)
of input compositions, including viscous compositions, for example, viscous fluids, solutions,
gels, pastes, creams and suspensions with viscosities greater than 10 cP, 20 c¢P, 50 cP or 100
cP. In TFF, an input composition flows alongside a filter membrane that filters out certain
contents from that input composition. As noted above, anything that crosses the filter
membrane is known as the "permeate" and anything that stays on the initial side of the
membrane is known as the "retentate". TFF comprises continuous recirculation of the input
composition along-side the filter membrane. The filter membrane can be contained in a
housing such as a cassette or cartridge that is itself contained in a plate and frame system.
[00029] The apparatus, systems etc., herein provide effective and even aseptic mixing of the
input composition in the storage tank, which helps reduce or avoid concentration gradients and
therefore helps reduce or avoid pressure increases in the system, the likelihood of high pressure
problems during the TFF, and also helps reduce or avoid build-up of large molecules on filter
membrane pores that could clog the filter membrane. By reducing the clogging of the filter
membrane, the resulting permeate flow rate is on average increased by between about 5% to
50%, for example by about 10%, about 20%, about 30% or about 40%, when compared to
systems without the mixing systems herein. Such increased permeate flow rates result, for

example, in lower processing times and more effective filtering of desired/undesired
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components in the input composition. The mixing herein can also improve the consistency of
the TFF filtration as a result of the reduction in filter membrane clogging, because when the
membrane pores are clogged the actual molecular weight cutoff of the TFF filter will be smaller
than listed by the manufacturer.

[00030] While the systems, apparatus, methods, etc., herein apply to a wide range of input
compositions including viscous compositions and other compositions that can suffer from
unwanted top-to-bottom concentration gradients. The systems, etc., can be exemplified by an
input composition comprising a high molecular weight fucan composition. The TFF processes
herein comprise continuous recirculation of the input composition being processed through the
TFF filter. The input composition is filtered by the TFF filter to produce a TFF retentate and a
TFF permeate. The systems herein can be operated continuously, such that the produced TFF
retentate is treated as an intermediate product of the system, and is processed by the system or
a secondary TFF system until a desired level of undesired components have been removed.
[00031] The term “aseptic” and its derivatives, for example “aseptically”, are used herein to
describe the exclusion of undesired biological materials, living or dead. So, for example and
as shown in certain of the Figures, if storage vessel cap 1834 seals aseptically to the open end
of storage vessel 1804, then it means that essentially no biological materials can penetrate that
seal from outside storage vessel 1804 or from outside of storage vessel cap 1834 to contaminate
the interior of storage vessel 1804.

[00032] The system in FIG. 1A depicts an exemplary system for tangential flow filtration
(TFF) of input compositions including viscous compositions, comprising enhanced, aseptic
mixing. In FIG. 1A, tangential flow filtration system (TFF system) 1800 mixes the input
composition 1802, which can be a viscous composition, that is going to be filtered during the
TFF. FIG. 1A is drawn schematically and not to scale. Components of TFF system 1800 in the
embodiment depicted in FIG. 1A include storage vessel 1804, which contains the input
composition 1802, and TFF module 1810, which holds the TFF filter 1815 and thus is the
location where the TFF filtering takes place. Components of TFF system 1800 also include
recirculation system 1820, which recirculates the contents of the storage vessel 1804. In

particular, recirculation system 1820 mixes the contents of the storage vessel 1804 to reduce
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or avoid concentration gradients; such mixing can be separate from or in combination with
mixing that may occur due to returning the TFF retentate 1812 from TFF module 1810 to
storage vessel 1804. TFF system 1800 also comprises diafiltration solution vessel 1808, which
holds diafiltration solution 1806 that is used to replenish solvent from input composition 1802
that crosses through TFF filter 1815 and thus is then extracted via TFF permeate (output) line
1816.

[00033] TFF system 1800 in the exemplary embodiment depicted also comprises recirculation
pump 1822, TFF input pump 1824 and diafiltration solution input pump 1826, along with
recirculation tube 1832, TFF input supply line 1805, TFF retentate return tube 1807,
diafiltration solution supply line 1809, and TFF permeate line 1816, which carries the filtered
output away from TFF module 1810 and out of TFF system 1800. Within TFF module 1810,
TFF filter 1815 is schematically shown filtering the input composition 1802 and therefore
creating TFF retentate 1812, which contains matter too large to cross TFF filter 1815, and TFF
permeate 1814, which contains matter small enough to cross TFF filter 1815. TFF permeate
1814 is then carried out of the system by TFF permeate line 1816, and in FIG. 1A TFF permeate
1814 is shown departing the TFF system 1800 by TFF permeate line 1816.

[00034] Returning to diafiltration solution vessel 1808, it holds diafiltration solution 1806,
which is used replenish solvent lost during the actual filtering process. In the embodiment
shown, diafiltration solution vessel 1808 contains diafiltration solution supply tube 1801 that
extends through diafiltration solution vessel cap 1837, that seals typically aseptically to
diafiltration solution vessel 1808, to the bottom of the container, i.e., to proximate the base of
diafiltration solution vessel 1808, in order to collect diafiltration solution 1806. The end of the
diafiltration solution supply tube 1801 is operably connected to diafiltration solution supply
line 1809 via a sanitary connector 1836. Diafiltration solution supply line 1809 supplies the
diafiltration solution 1806 to tangential flow filtration retentate return tube 1807 and, in turn,
storage vessel 1804 to replenish solvent lost during the actual filtering process.

[00035] The pumps, tubing and other components of the systems and apparatus herein can be
any suitable pumps, tubing, containers, etc. For example, recirculation pump 1822 and

diafiltration solution input pump 1826 may be peristaltic pumps, and TFF input pump 1824
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may be a diaphragm pump. In FIG. 1A, the arrows show the direction of flow under the action
of the various pumps.

[00036] Turning to Y-connector 1818 in the retentate return portion of the system, it connects
the diafiltration solution vessel 1808 to the tangential flow filtration retentate return tube 1807.
Placing Y-connector 1818 between the TFF module 1810 and the TFF retentate return tube
1807 (i.e., proximate the TFF module 1810) enhances the ability of diafiltration solution 1806
to mix with the TFF retentate 1812 on its way back to storage vessel 1804. In other
embodiments, Y-connector 1818 can be placed along the TFF retentate return tube 1807 or
even into storage vessel cap 1834. Providing diafiltration solution 1806 is helpful because the
loss of solvent from the input composition 1802 into the TFF permeate 1814 increases the
viscosity of the TFF retentate 1812 compared to the contents of storage vessel 1804. The
mixing of diafiltration solution 1806 with the TFF retentate 1812 via Y-connector 1818 helps
lower the viscosity of TFF retentate 1812 before it reaches storage vessel 1804 and
consequently helps counter build-up of concentration gradient. Thus, placing the Y-connector
1818 near to the TFF module 1810 helps reduce concentration gradients in the contents of
storage vessel 1804.

[00037] Turning to the mixing head 1830 on storage vessel 1804, in the embodiment shown
in FIG. 1A, it has four ports. Mixing head 1830 comprises storage vessel cap 1834 that seals,
typically aseptically, to storage vessel 1804. Mixing head 1830 may be manufactured from any
suitable material such as a pharmaceutical grade or medical device grade material, for example,
316 stainless steel, silicone, ethylene propylene diene monomer, polypropylene, high density
polyethylene, low density polyethylene, glass or other material that meets the sanitary
standards of medical/pharmaceutical equipment.

[00038] In the embodiment shown, four tubes extend through storage vessel cap 1834 and are
arranged to transmit fluid to and from storage vessel 1804. As shown by recirculation tube
inlet 1832a, tangential flow filtration input tube inlet 1811a and tangential flow filtration
retentate tube outlet 1811b, if desired the inlets and/or outlets can be disposed at different
heights within storage vessel 1804, and therefore within input composition 1802 when the

vessel is filled. Such arrangement encourages the mixing of the input composition 1802 within
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storage vessel 1804 and thus lessens or avoids concentration gradients and other potentially
problematic build-up, etc. Adding, circulating or otherwise transmitting input composition
through the tubes mixes the contents of the storage vessel 1804, thereby reducing problems at
the TFF filter including by reducing concentration gradients in storage vessel 1804.

[00039] Turning to the tubes entering storage vessel 1804, recirculation tube 1832 comprises
recirculation tube inlet 1832a and recirculation tube outlet 1832b. Recirculation tube inlet
1832a and recirculation tube outlet 1832b can be disposed at any desired height or level within
the storage vessel 1804, provided that the flow within storage vessel stirs or otherwise mixes
the input composition 1802 to significantly reduce, or even eliminate, concentration gradients
within input composition 1802. Recirculation tube inlet 1832a1s disposed at a level to extract
input composition 1802, typically below the height which input composition 1802 fills storage
vessel 1804 to (hereafter referred to as the “storage vessel fill height”), i.e., into the body of
input composition 1802. Recirculation tube inlet 1832a and recirculation tube outlet 1832b
can be disposed at different heights within input composition 1802 such that, if there is a
concentration gradient within the input composition 1802 then the inlet and outlet cooperate to
transport one concentration level into another, thereby mixing the concentration gradients.
Other approaches to such mixing can also, or alternatively, be used, for example the incoming
stream can be directed against a side of the storage vessel 1804, causing circulation and even
a vortex if desired.

[00040] Next, at least one TFF input supply tube 1811 transfers input composition 1802 from
storage vessel 1804 to tangential flow filtration (TFF) module 1810 and then returns the TFF
retentate 1812 to storage vessel 1804. As with the other tubes herein, they can be unitary or,
as depicted in FIG. 1A, it can comprise multiple components including pumps, valves, different
materials for different portions of the tubes, etc. In the embodiment in FIG. 1A, TFF input
tube inlet 1811a extracts input composition 1802 from storage vessel 1804 and transfers it via
TFF input pump 1824 to TFF module 1810. In the embodiment in FIG. 1A, TFF input tube
inlet 1811a comprises multiple inlet ports 1838 disposed along its length at different depths
below the storage vessel fill height. In some embodiments, as exemplified in FIG. 1B, the

tangential flow filtration input supply tube 1811 is configured to extract input composition
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from the storage vessel 1804 and deliver the input composition to both the tangential flow
filtration module 1810 and the recirculation system 1820 via, for example, a Y-connector 1818.
In the embodiment in FIG. 1B, recirculation return tube 1832' connects to TFF retentate return
tube 1807 such that retentate returning to the storage vessel 1804 are transported into the
storage vessel 1804 via a single tube through storage vessel cap 1834. Thus, in the embodiment
shown, the composition in the recirculation system 1820 joins the TFF retentate 1812 at the
TFF retentate return tube 1807 via recirculation return tube 1832', which connection is
upstream from storage vessel 1804 and can be, for example, a Y-connector 1818. The
combined recirculation composition and TFF retentate 1812 is then delivered back into storage
vessel 1804. In other words, as shown by the embodiments in FIGS. 1A and 1B, the extraction
tube(s) and/or the return tube(s) for each of the recirculation system 1820 and the TFF module
1810 can each be a single shared tube, can be separate tubes, or otherwise as desired.

[00041] In FIG. 1C, recirculation return tube 1832' connects to recirculation tube outlet 1832b
so that the composition in the recirculation system 1820 is returned to the storage vessel 1804
without first passing through TFF module 1810. In some embodiments, including the
embodiment in FIG. 1C, a pressure bypass valve 1813 can be provided in the tangential flow
filtration input supply tube 1811. The pressure bypass valve 1813 can be set at a pressure less
than the upper pressure limit for TFF module 1810 so that the chance of pressure-caused
problems or failures in TFF module 1810 is reduced or eliminated. In addition, if desired, the
output pressure of TFF input pump 1824 can be set higher than the level for pressure bypass
valve 1813, to assure that a portion of input composition 1802 is recirculated through the
recirculation system 1820 without passing through TFF module 1810; the portion or
percentage that is recirculated without TFF can be set at a specific and/or predetermined level
if desired. Such a configuration provides for both TFF and recirculation with only a single
pump, and also enhances the effectiveness and durability of TFF module 1810 because it
reduces or eliminates over-pressure problems while also reducing or eliminating concentration
gradients within input composition 1802.

[00042] Turning to a further discussion of certain aspects or embodiments depicted in FIG.

1A, in the embodiment shown, recirculation tube inlet 1832a extends to the bottom of storage
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vessel 1804, 1.e., to proximate the base of storage vessel 1804. Recirculation tube inlet 1832a
gathers input composition 1802 from storage vessel 1804, in FIG. 1A, from the bottom of
storage vessel 1804. The input composition extracted can be propelled in any desired manner,
for example by a recirculation pump 1822. Recirculation tube inlet 1832a may have a plurality
of further inlet ports 1838 disposed along its length at different depths below the storage vessel
fill height. For the sake of clarity, only one inlet port 1838 is numbered in FIG. 1A. Inlet ports
1838, if present, allows recirculation tube inlet 1832a to draw input composition 1802
simultaneously from different depths below the storage vessel fill height. This serves to
counter any vertical concentration gradient in the input composition 1802 in storage vessel
1804. The distal end of recirculation tube inlet 1832a outside storage vessel 1804 can be
connected aseptically with the end of recirculation tube 1832 via a sanitary connector 1836.
[00043] Recirculation tube outlet 1832b is disposed to return any composition pumped
through recirculation pump 1822 to storage vessel 1804. The end of recirculation tube outlet
1832b outside storage vessel 1804 is connected aseptically with the return segment of
recirculation tube 1832 via a sanitary connector 1836. Recirculation tube outlet 1832b may be
terminated above the storage vessel fill height so that portions of the input composition 1802
that have higher density than the rest will be assisted by the flow of the incoming stream and
by gravity in distributing downward through storage vessel 1804, facilitating thereby the
mixing of input composition 1802 in storage vessel 1804. Recirculation tube outlet 1832b may
also be terminated below the storage vessel fill height so that the turbulence of the flow assists
with the mixing of the contents of the input composition 1802, or so that the returning stream
is deflected off the base of storage vessel 1804 to facilitate mixing. In some embodiments,
recirculation tube outlet 1832b is bent to specifically direct the incoming stream towards the
side of the storage vessel 1804 to facilitate mixing in a circular motion.

[00044] TFF input tube inlet 1811a extends to the bottom of storage vessel 1804. TFF input
tube inlet 1811a has a plurality of further inlet ports 1838 disposed along the length of TFF
input tube inlet 1811a at different depths below the storage vessel fill height. This allows TFF
input tube inlet 1811a to draw input composition 1802 simultaneously from different depths

below the storage vessel fill height, which helps counter any vertical concentration gradient in
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the input composition 1802 in storage vessel 1804. The outside end of TFF input tube inlet
1811a can be connected aseptically with TFF input supply line 1805 via a sanitary connector
1836.

[00045] The diafiltration solution 1806 is fed directly into the TFF retentate 1812 througha Y
connector 1818, diluting the more viscous TFF retentate 1812 with the diafiltration solution
before it returns to storage vessel 1804 through TFF retentate tube outlet 1811b. TFF retentate
tube outlet 1811b may be terminated above the storage vessel height so that portions of the
mixed TFF retentate-diafiltration solution that have higher density will be assisted by the flow
of the incoming stream and by gravity to distribute downward through storage vessel 1804,
thereby facilitating the mixing of the incoming stream with in the contents of storage vessel
1804. TFF retentate tube outlet 1811b may be terminated below the storage vessel fill height
so that the turbulence of the flow assists with the mixing of the contents, and can also be
configured, as shown in FIG. 1A, so that the returning stream is deflected off the base of storage
vessel 1804 to facilitate mixing. In some embodiments, TFF retentate tube outlet 1811b is bent
to specifically direct the incoming stream towards the side of the storage vessel 1804 to
facilitate mixing in a circular motion. The outside end of TFF retentate tube outlet 1811b can
be connected aseptically with TFF retentate return tube 1807 via a sanitary connector 1836.
The four tubes discussed above can also be joined or otherwise configured so that there are
more or less than four tubes entering/exiting storage vessel 1804. For example, tubes 1832b
and 1811b can be fluidly connected before entering storage vessel cap 1834 and/or storage
vessel 1804.

[00046] Mixing head 1830 may also comprise additional ports and tubes, for example a vent
port 1833 with a suitable vent port valve 1835 to be opened as desired to relieve air or gas
pressure in storage vessel 1804. The vent port 1833 may be fitted with an appropriate vent
filter (not shown) to further prevent to contamination of the contents of storage vessel 1804.
In FIG. 1A, the various tubes are shown in a line. The tubes can be disposed in a row, a circle
or otherwise as desired.

[00047] Diafiltration solution vessel cap 1837 on diafiltration solution vessel 1808 may also

comprise additional elements, for example a vent port 1831 with a suitable vent port valve
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1839 to be opened when desired to relieve air or gas pressure in diafiltration solution vessel
1808. The vent port 1831 may be fitted with an appropriate vent filter (not shown) to further
prevent to contamination of the diafiltration solution.

[00048] The TFF system 1800 disclosed herein may be described in more general terms as a
system for TFF of input compositions including viscous compositions, the TFF system 1800
comprising: a TFF module 1810; a first storage vessel 1804 having a bottom, a top, at least one
side and an interior; a storage vessel cap 1834 arranged, typically, to aseptically seal the open
end of the first storage vessel 1804; a TFF input tube inlet 1811a for extracting input
composition 1802 from the storage vessel 1804 and sending such input composition to the TFF
module 1810, the TFF input tube inlet 1811a extending through the storage vessel cap 1834
into the interior of the storage vessel 1804 to proximate the lower closed end of the storage
vessel 1804, the TFF input tube inlet 1811a can comprise a plurality of inlet ports 1838
disposed at different depths below the storage vessel fill height; and a TFF retentate tube outlet
1811b extending through the storage vessel cap 1834 to terminate in the interior of the storage
vessel 1804 for returning the TFF retentate 1812 to the storage vessel 1804. The contents in
the storage vessel 1804 can have a predetermined storage vessel fill height.

[00049] The TFF system 1800 may further comprise a recirculation system 1820. The
recirculation system 1820 can, in some embodiments, comprise a recirculation tube inlet 1832a
extending through the storage vessel cap 1834 into the interior of the storage vessel 1804 to
proximate the lower closed end of the storage vessel 1804 for extracting the input composition
1802 from the storage vessel 1804, the recirculation tube inlet 1832a can comprise a plurality
of inlet ports 1838 disposed at different depths below the storage vessel fill height; a
recirculation tube outlet 1832b extending through the storage vessel cap 1834 to terminate in
the interior of the storage vessel 1804; a recirculation pump 1822 disposed to circulate the
input composition 1802 via the recirculation tube inlet 1832a from the storage vessel 1804 and
along a recirculation tube 1832 back to the storage vessel 1804 via the recirculation tube outlet
1832b. The recirculation tube inlet 1832a and recirculation tube outlet 1832b may be
aseptically connected to the recirculation tube 1832 by, for example, sanitary connectors 1836.

The recirculation system 1820 can be operated continuously, such that the contents of storage
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vessel 1804 being further processed by TFF system 1800 is simultaneously supplied to the
recirculation system 1820.

[00050] The TFF system 1800 may further comprise a TFF input pump 1824 disposed to
supply input composition 1802 via the TFF input tube inlet 1811a from the storage vessel 1804
and along a TFF input supply line 1805 to the TFF module 1810 and back from the TFF module
1810 to the storage vessel 1804 along a TFF retentate return tube 1807 via the TFF retentate
tube outlet 1811b. The TFF input tube inlet 1811a may be connected aseptically to the TFF
input supply line 1805 by a sanitary connector 1836 and the TFF retentate tube outlet 1811b
may be connected aseptically to the TFF retentate return tube 1807 by a sanitary connector
1836.

[00051] The TFF system 1800 may further comprise: a second diafiltration solution vessel
1808 for holding diafiltration solution 1806, the diafiltration solution vessel 1808 having a
closed base, an upper open end and an interior; an diafiltration solution vessel cap 1837
arranged to aseptically seal the open end of the diafiltration solution vessel 1808; a diafiltration
solution supply tube 1801 extending through the diafiltration solution vessel cap 1837 into the
interior of the diafiltration solution vessel 1808 to proximate the base of the diafiltration
solution vessel 1808; a diafiltration solution supply line 1809 aseptically joining the
diafiltration solution supply tube 1801 to the TFF retentate return tube 1807, wherein the
diafiltration solution supply line 1809 is in some embodiments aseptically connected to the
TFF retentate return tube 1807 proximate the TFF module 1810; and a third diafiltration
solution input pump 1826 for pumping diafiltration solution 1806 through the diafiltration
solution supply tube 1801 along the diafiltration solution supply line 1809 to the TFF retentate
return tube 1807. The diafiltration solution supply line 1809 may be aseptically connected to
the diafiltration solution supply tube 1801 by, for example, a sanitary connector 1836 and the
diafiltration solution supply line 1809 may be connected to the TFF retentate return tube 1807
by, for example, a sanitary Y-connector 1818.

[00052] The TFF system 1800 may be operated for a predetermined or other desired amount

of time, or the level of undesired components in the contents of storage vessel 1804 can be
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measured and the operation continued until the level of undesired components has dropped
below a predetermined or other desired level.

[00053] Another embodiment of a system for TFF of input compositions including viscous
compositions is shown in FIG. 2. In Fig. 2, the recirculation system 1820, including the
recirculation pump 1822, the recirculation tube 1832, the recirculation tube inlet 1832a and the
recirculation tube outlet 1832b of FIG. 1A, have been replaced with mixing propeller 1821
equipped with at least one mixing propeller blade 1823. Mixing propeller blade 1823 can be
any desired, suitable shape and can be disposed at any desired, suitable position along the
mixing propeller 1821. In the embodiment shown, mixing propeller 1821 extends through
storage vessel cap 1834 and terminates under the storage vessel fill height, but the entire mixing
propeller system can, if desired, be located within storage vessel 1804. An appropriate device
(not shown) such as a motor configured to rotate the mixing propeller 1821 at a desired speed
can be used to rotate the mixing propeller 1821, thus mixing the input composition 1802 in
storage vessel 1804 and thereby countering any concentration gradient present in storage vessel
1804.

[00054] Next, the flow chart of FIG. 3 depicts an exemplary method [1840] for TFF of an
input composition 1802 using systems as discussed herein, for example as exemplified in FIG.
1A, the method comprising: providing [1841] the input composition 1802 in a storage vessel
1804 such that the input composition 1802 fills the storage vessel 1804 to a storage vessel fill
height; mixing [1842] the input composition 1802 by, typically simultaneously, first extracting
a portion of the input composition 1802 from different depths in the storage vessel 1804 and
returning the extracted input composition 1802 to the interior of the storage vessel 1804, and
second extracting [ 1843] a second portion of the input composition 1802 from different depths
in the storage vessel 1804. The second portion of the extracted input composition 1802 is then
subjected [1844] to TFF to produce a TFF retentate 1812 and a TFF permeate 1814. The TFF
retentate 1812 is then returned [1845] to the interior of the storage vessel 1804,

[00055] The methods [1840] may further comprise providing a diafiltration solution 1806 in a
diafiltration solution vessel 1808 and mixing the diafiltration solution 1806 with the TFF
retentate 1812 before the returning [1845] the TFF retentate 1812 to the interior of the storage
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vessel 1804. Returning [1845] the TFF retentate 1812 to the interior of the storage vessel 1804
may comprise directing the returning TFF retentate 1812 to the closed bottom end of the first
storage vessel 1804. Returning [1845] the TFF retentate 1812 to the interior of the storage
vessel 1804 may comprise directing the returning TFF retentate 1812 to above the storage
vessel fill height. Returning [1845] the TFF retentate 1812 to the interior of the storage vessel
1804 may comprise directing the returning TFF retentate 1812 to below the storage vessel fill
height. Returning [1845] the TFF retentate 1812 to the interior of the storage vessel 1804 may
comprise directing the returning TFF retentate 1812 towards the side of the storage vessel 1804
to facilitate mixing in a circular motion.

[00056] The flow chart of FIG. 4 depicts another exemplary method [1846] for TFF of an input
composition 1802 using systems exemplified in FIG. 2, the method comprising: providing
[1847] the input composition 1802 in a storage vessel 1804 such that the input composition
1802 fills the storage vessel 1804 to a storage vessel fill height; mixing [1848] the input
composition 1802 by rotating a mixing propeller 1821 comprising at least one mixing propeller
blade 1823 below the storage vessel fill height; and extracting [1849] the input composition
1802 from different depths in the storage vessel 1804. The extracted input composition 1802
is then subjected [1850] to TFF to produce a TFF retentate 1812 and a TFF permeate 1814.
The TFF retentate 1812 is then returned [1851] to the interior of the storage vessel 1804.
[00057] The methods [1846] may further comprise providing a diafiltration solution 1806 in a
diafiltration solution vessel 1808 and mixing the diafiltration solution 1806 with the TFF
retentate 1812 before the returning [1851] the TFF retentate 1812 to the storage vessel 1804.
[00058] By using the TFF systems and methods herein, an operator can accomplish effective
mixing of a highly viscous composition while maintaining aseptic conditions and procedures
throughout the processing of the bulk composition. To this end, any line in the process may be
spliced to incorporate a sampling port. The sampling port may be in the form of, for example,

a 3-way valve.

EXAMPLES

Example 1: Use of TFF system with a viscous fucoidan solution
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[00059] The system shown in FIG. 1A was tested with a fucoidan solution of viscosity greater
than 50 cP, but not exceeding 120 cP. The recirculation pump 1822 was set at a flow rate of
about 3.2 liters/min. The diafiltration solution input pump 1826 was set to match the TFF
permeate 1814 flow rate, measured at TFF permeate line 1816. The TFF input pump 1824 was
set to accomplish a trans-membrane pressure of between 10 psi and 40 psi, for example about
15 pst, 20psi, 25psi, 30psi and 35psi. this keeps the pressure below levels that often cause
failure; fluid pumps can usually handle about 60-80 psi while the tubing can usually handle
about 40 psi.

[00060] Processing of the viscous fucoidan solution without the apparatus and systems herein
resulted in an observation of a significant, harmful concentration gradient in the storage vessel
1804 from the returning of TFF retentate 1812 to storage vessel 1804. Low permeate flux (rate
of flow of permeate through the membrane of the TFF module) was seen, indicating that the
filter membrane was getting clogged. Upon incorporation of systems herein, the concentration
gradient was no longer observed in the storage vessel 1804 and the average permeate flux was
about 20% higher than observed when using conventional TFF apparatus without a
recirculation system 1820, Y-connector 1818 or tubes configured to pick-up and return fluid
from and to different locations in the storage vessel 1804.

[00061] The present application is further directed to compositions made according to the
various elements of the apparatus, methods, systems, etc., discussed herein as well as to
methods of using the compositions and to systems and devices configured to perform the
methods herein and obtain desired low bioburden, viscous medical devices, combination

products and pharmaceuticals.

Reference Numeral List:

1800  Tangential flow filtration (TFF) system
1801  Diafiltration solution supply tube

1802  Input composition

1804  Storage vessel

1805  TFF input supply line
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1806
1807
1808
1809
1810
1811
1811a
1811b
1812
1813
1814
1815
1816
1818
1820
1821
1822
1823
1824
1826
1830
1831
1832
1832'
1832a
1832b
1833
1834
1835

Diafiltration solution

Tangential flow filtration retentate return tube

Diafiltration solution vessel
Diafiltration solution supply line

Tangential flow filtration module

Tangential flow filtration input supply tube
Tangential flow filtration input tube inlet

Tangential flow filtration retentate tube outlet

Tangential flow filtration retentate
Pressure bypass valve

Tangential flow filtration permeate
Tangential flow filtration filter
Tangential flow filtration permeate line
Y-connector

Recirculation system

Mixing propeller

Recirculation Pump

Mixing propeller blade

Tangential flow filtration input pump
Diafiltration solution input pump
Mixing head

Vent port

Recirculation tube

Recirculation return tube
Recirculation tube inlet
Recirculation tube outlet

Vent port

Storage vessel cap

Vent port valve
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1836  Sanitary connector(s)

1837  Diafiltration solution vessel cap

1838  Inlet port(s)

1839  Vent port valve

1840 A method for tangential flow filtration of an input composition

1841  Providing the input composition in a storage vessel such that the input composition
fills the storage vessel to a storage vessel fill height

1842  Mixing the input composition by, typically simultaneously, first extracting a portion
of the input composition from different depths in the storage vessel and returning the extracted
input composition to the interior of the storage vessel and

1843  second extracting a second portion of the input composition from different depths in
the storage vessel

1844  Subjecting the second portion of the extracted input composition to tangential flow
filtration to produce a TFF retentate and a TFF permeate

1845  Returning the TFF retentate to the interior of the storage vessel

1846 A method for tangential flow filtration of an input composition

1847  Providing the input composition in a storage vessel such that the input composition
fills the storage vessel to a storage vessel fill height

1848  Mixing the input composition by rotating a mixing propeller comprising at least one
mixing propeller blade below the storage vessel fill height

1849  Extracting the input composition from different depths in the storage vessel

1850  Subjecting the extracted input composition to tangential flow filtration to produce a
TFF retentate and a TFF permeate

1851  Returning the TFF retentate to the interior of the storage vessel

[00062] All terms used herein are used in accordance with their ordinary meanings unless the
context or definition clearly indicates otherwise. Also, unless expressly indicated otherwise, in
the specification the use of "or" includes "and" and vice-versa. Non-limiting terms are not to

be construed as limiting unless expressly stated, or the context clearly indicates, otherwise (for
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example, "including," "having," and "comprising" typically indicate "including without

limitation"). Singular forms, including in the claims, such as "a," "an," and "the" include the
plural reference unless expressly stated, or the context clearly indicates, otherwise.

[00063] Unless otherwise stated, adjectives herein such as “substantially” and “about” that
modify a condition or relationship characteristic of a feature or features of an embodiment,
indicate that the condition or characteristic is defined to within tolerances that are acceptable
for operation of the embodiment for an application for which it is intended.

[00064] The scope of the present methods, compositions, systems, etc., includes both means
plus function and step plus function concepts. However, the claims are not to be interpreted as
indicating a "means plus function" relationship unless the word "means" is specifically recited
in a claim, and are to be interpreted as indicating a "means plus function" relationship where
the word "means" is specifically recited in a claim. Similarly, the claims are not to be
interpreted as indicating a "step plus function" relationship unless the word "step" is
specifically recited in a claim, and are to be interpreted as indicating a "step plus function"
relationship where the word "step" is specifically recited in a claim.

From the foregoing, it will be appreciated that, although specific embodiments have been
discussed herein for purposes of illustration, various modifications may be made without
deviating from the spirit and scope of the discussion herein. Accordingly, the systems and
methods, etc., include such modifications as well as all permutations and combinations of the
subject matter set forth herein and are not limited except as by the appended claims or other

claim having adequate support in the discussion and figures herein.
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Claims:

1. A tangential flow filtration system comprising:

a tangential flow filtration module;

a storage vessel comprising an input composition;

a tangential flow filtration input supply tube configured to deliver input composition
from multiple depths within the storage vessel to the tangential flow filtration module, wherein
the tangential flow filtration input supply tube comprises a plurality of inlet ports disposed at
different heights within the storage vessel; and

a retentate return tube configured to return TFF retentate from the tangential flow
filtration module to the storage vessel.

2. The tangential flow filtration system of claim 1 further comprising a recirculation system
separate from the tangential flow filtration module and comprising a recirculation tube having a
recirculation tube inlet disposed within the storage vessel at a depth selected to extract contents
of the storage vessel and having a recirculation tube outlet disposed inside the storagevessel,
wherein the recirculation system is configured such that anything in the recirculation system
does not pass through the tangential flow filtration module and wherein the recirculation tube
inlet and the recirculation tube outlet are located within in the storage vessel such that passage
of the contents of the storage vessel through the recirculation system inhibitsconcentration
gradients within the storage vessel.

3. The tangential flow filtration system of claim 2 wherein the recirculation systemfurther
comprises a recirculation system pump disposed to pump the contents of the storage vessel
through the recirculation system, the recirculation system pump not connected to the tangential
flow filtration module.

4. The tangential flow filtration system of claim 2 or claim 3 wherein the recirculation tube
comprises at least one additional inlet hole disposed along the length of the recirculation tube.
5. The tangential flow filtration system of any of claims 1 to 4 wherein the tangential flow

filtration input supply tube and the retentate return tube terminate at different depths in the
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interior of the storage vessel.

6. The tangential flow filtration system of any one of claims 1 to 5 wherein the retentate
return tube terminates in the interior of the storage vessel above a storage vessel fill height.

7. The tangential flow filtration system of any one of claims 1 to 5 wherein the retentate
return tube terminates in the interior of the storage vessel below a storage vessel fill height.

8. The tangential flow filtration system of any one of claims 1 to 5 wherein the retentate
return tube terminates in the interior of the storage vessel proximate a bottom of the storage
vessel.

9. The tangential flow filtration system of any one of claims 1 to 8 wherein the retentate
return tube is directed towards a side in the interior of the storage vessel.

10. The tangential flow filtration system of any one of claims 2 to 9 wherein the recirculation
tube outlet terminates in the interior of the storage vessel above a storage vessel fill height.

11. The tangential flow filtration system of any one of claims 2 to 9 wherein the recirculation
tube outlet terminates in the interior of the storage vessel below a storage vessel fill height.

12. The tangential flow filtration system of any one of claims 2 to 9 wherein the recirculation
tube outlet terminates in the interior of the storage vessel proximate a bottom of the storage
vessel.

13. The tangential flow filtration system of any one of claims 2 to 12 wherein the
recirculation tube outlet is directed towards a side in the interior of the storage vessel.

14. The tangential flow filtration system of any of claims 1 to 13 further comprising a
diafiltration solution supply tube configured to deliver diafiltration solution to the retentate
return tube upstream from the storage vessel.

15.  The tangential flow filtration system of any of claims 1 to 14 wherein the tangential flow
filtration system and tangential flow filtration module are configured to retain and filtera
viscous composition without a substantial concentration gradient in the viscous composition.
16. The tangential flow filtration system of any of claims 1 to 15 further comprising a storage

vessel cap, wherein the tangential flow filtration input supply tube and the retentate
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return tube extend through the storage vessel cap into the interior of the storage vessel.
17. The tangential flow filtration system of claim 16 wherein the storage vessel cap seals
aseptically to the top of the storage vessel.
18. A method for the tangential flow filtration of an input composition, the method
comprising:

providing the input composition in a storage vessel, the storage vessel having a top, a
bottom, at least one side and an interior and the input composition filling the storage vessel to
a desired storage vessel fill height;

providing a tangential flow filtration module;

extracting the input composition from different depths in the storage vessel;

subjecting the extracted input composition to tangential flow filtration to produce a
tangential flow filtration retentate; and

returning the tangential flow filtration retentate to the interior of the storage vessel.
19. The method of claim 18 further comprising mixing the input composition in the storage
vessel by extracting and returning the input composition from and to the storage vessel.
20. The method of any of claim 18 or claim 19 further comprising mixing the tangential flow
filtration retentate with a diafiltration solution before returning the tangential flow filtration
retentate to the storage vessel.
21. The method of any of claims 18 to 20 wherein returning the tangential flow retentate
to the storage vessel comprises returning the tangential flow filtration retentate to the interior
of the storage vessel below the storage vessel fill height.
22. The method of any of claims 18 to 20 wherein returning the tangential flow retentate
to the storage vessel comprises returning the tangential flow filtration retentate to the interior
of the storage vessel proximate the bottom of the storage vessel.
23. The method of claim 19 wherein mixing the input composition comprises extracting the

input composition from different depths within the storage vessel.
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