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INFUSION SET WITH COMPONENTS COMPRISING A POLYMERIC SORBENT
TO REDUCE THE CONCENTRATION OF M-CRESOL IN INSULIN

CROSS REFERENCE TO RELATED APPLICATION

10001} This application clawns prionty to U.S. Provisional Patent Application Serial No.
62/326,257, filed Apnl 22, 2016, the disclosure of which is hereby expressly incorporated by

reference herein in #s entirety.

FIELD OF THE DISCLOSURE

10002} The present disclosure relates to a device for parenteral drug delivery, more

specifically a device for continuous subcutaneous msulin wfusion (CSH)

BACKGROUND OF THE DISCLOSURE

{0003] ST may be performed using an insulin nfision set (1IS). One example of an [IS
device 100 ts shown i FIG. 1. The tlustrative device 100 includes a first, proximal end 112 that
communicates with an msulin reservoir of a punmp (not shown) to receive an insulin formulation
and a second, distal end 114 that comnuinicates with a patient (not shown) to deliver the insulin
formulation (le., the mfusate}) At the first end 112, the lustrative device 100 includes a
reservolr connector 120 configured to couple with the insulin reservorr, aline set tubing 122, and
a base connector 124, At the second end 114, the Hlustrative device 100 mcludes an infusion
base 130 configured to receive the base connector 124, an adhesive pad 132 configwred to adhere
the infision base 130 to the patient’s skin, and an infision catheter 134 configured for insertion
mto the patient’s skin. In use, the msulin formulation s directed from the pump, through the line

set tubmng 122, through the mfiision catheter 134, and mto the patient’s subcutaneous (SC) tissue.

10004} S devices may vary in size, shape, appearance, materials, and other features. In
one example, the material used to construct the infusion catheter 134 may vary (e.g, the Contact
Detach™ Infusion Set available from Animas Corporation uses a steel imfusion catheter, whereas
the MiniMed® Quick-set® Infusion Set available from Medtronic uses a plastic infsion

catheter). In another example, the arrangement of line set wbmg 122 may vary (e.g, the Contact

Detach™ Infusion Set available from Animas Corporation uses two sets of a line set tubing
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coupled together via an intermediate strain-relief base, whereas the MiniMed® Quick-set®

Infusion Set available from Medtromc uses a single hne set tubing).

{06005} The patient’s body may exhibit an wflammatory and/or foreign body response at
the site of the mfusion catheter 134, This response at the mftision site may vary from patient to
patient depending on various factors, including the patient’s susceptibility to wound formation,
the patient’s associated tissue remodeling, and the patient’s sensitivity to the particular msulin
formulation, including phenolic excipients {e.g., m-cresol, phenol, methylparaben, ethylparaben,
butylbaraben, other preservatives, and combmations thereot) i the msulin formulation, for
example. Af-cresol, in particular, has been shown to induce inflammatory pathways [Weber,
20151, negatively mmpact human mmune cell types i vifro {Woodley, 2016}, degrade lipid
bilayers and neurcnal cell membranes [Paiva, 2013}, and induce aggregation of proteins and
mittate  protein unfolding which night contribute to infusion site events [Bis, 2015; Singh, 2011;

Hutchings, 20131

10006} De to these nflammatory and/or foreign body responses at the infusion sites,
known IS devices for CSU are currently indicated for two- to three-day (2-3d)yuse. Affer even a
short wear time, the mflammatory and/or foreign body response may impair the efficacy of the
patient’s mfusion site, thereby limiting msulin uptake, increasing the risk of hyperglycemia, and
bmiting viable mfusion site longevity. The limited wear time for HS devices represents a two- 1o
seven-times discrepancy compared with the wear time for continuous ghicose monttors (CGMs),
thus mtroducing an obstacle to achieving a convenient, fully wtegrated CSIVCGM artificial

pancreas system.

SUMMARY

{06007} The present disclosure provides an IS device with one or more features designed
to achieve longevity in a patient’s CSH mfusion site viahility. One exemplary feature is a
sorbent material configured to collect phenolic excipients (e.g, m-cresol, phenol, methylparaben,
ethylparaben, butylbaraben, other preservatives, and combinations thereot) from the msulin
formulation by sorption, such as adsorption and/or absorption. The sorbent material may be

positioned along a fluid pathway specifically designed to increase and/or extend exposure
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between the insulin formulation and the sorbent material. Another exemplary feature is a
medicament configured to reduce the patient’s inflammation or slow the progression of the
patient’s inflammatory response. Yet another exemplary feature is a diffusive catheter

configured to deliver the insulin formulation to the patient in a diffuse manner.

[0007A] Accordingly, the present invention provides an insulin infusion set device
comprising: a flexible tubing configured to receive an insulin formulation containing at least one
phenolic excipient; a base coupled to the tubing and configured to receive the insulin
formulation; a catheter coupled to the base and configured to deliver the insulin formulation to a
patient; a tortuous fluid pathway positioned in the base and configured to transport the insulin
formulation through the base, the tortuous fluid pathway including a plurality of bends; and at
least one polymeric sorbent material positioned along the tortuous fluid pathway and in fluid
communication with the insulin formulation in the device, the at least one polymeric sorbent
material being configured to collect the at least one phenolic excipient from the insulin

formulation by sorption

[0008] According to an embodiment of the present disclosure, an insulin infusion set
device is disclosed including a flexible tubing configured to receive an insulin formulation
containing at least one phenolic excipient, a base coupled to the tubing and configured to receive
the insulin formulation, a catheter coupled to the base and configured to deliver the insulin
formulation to a patient, and at least one polymeric sorbent material in fluid communication with
the insulin formulation in the device, the at least one polymeric sorbent material being

configured to collect the at least one phenolic excipient from the insulin formulation.

[0009] According to another embodiment of the present disclosure, an insulin infusion
set device is disclosed including a flexible tubing, a base coupled to the tubing, a catheter
coupled to the base, a tortuous fluid pathway configured to transport an insulin formulation
containing at least one phenolic excipient through the device, and at least one sorbent material
positioned along the tortuous fluid pathway, the at least one sorbent material being configured to

collect the at least one phenolic excipient from the insulin formulation.

[0010] According to yet another embodiment of the present disclosure, an insulin

infusion set device is disclosed including a flexible tubing, a base coupled to the tubing, a
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catheter coupled to the base, a fluid pathway configured to transport an insulin formulation
containing m-cresol through the device, and at least one polymeric sorbent material positioned
along the fluid pathway, the at least one sorbent material being capable of collecting 10% or

more of the m-cresol.

[0010A] Specifically, the present invention provides an insulin infusion set device
comprising:

a flexible tubing configured to receive an insulin formulation containing at least one
phenolic excipient;

a base coupled to the tubing and configured to receive the insulin formulation; a catheter
coupled to the base and configured to deliver the insulin formulation to a patient;

a tortuous fluid pathway positioned in the base and configured to transport the insulin
formulation through the base, the tortuous fluid pathway including a plurality of bends; and

at least one polymeric sorbent material positioned along the tortuous fluid pathway and in
fluid communication with the insulin formulation in the device, the at least one polymeric
sorbent material being configured to collect the at least one phenolic excipient from the insulin

formulation by sorption.

[0010B] The present invention also provides an insulin infusion set device comprising:

a flexible tubing;

a base coupled to the tubing;

a catheter coupled to the base;

a tortuous fluid pathway configured to transport an insulin formulation containing at least
one phenolic excipient through the device; and

a plurality of sorbent materials positioned along at least the tortuous fluid pathway to
provide a diffusion gradient across the device, the plurality of sorbent materials being configured
to collect the at least one phenolic excipient from the insulin formulation by sorption.
[0010C] Further, the present invention provides an insulin infusion set device comprising:

a flexible tubing comprising a tortuous fluid pathway, the tortuous fluid pathway
including a plurality of fluid pathways interconnected at ends of the plurality of fluid pathways
and configured in a zig-zag arrangement;

a base coupled to the tubing;

3A
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a catheter coupled to the base,

the fluid pathways configured to transport an insulin formulation containing m-cresol
through the device; and

at least one polymeric sorbent material positioned along the plurality of fluid pathways,
the at least one sorbent material being capable of collecting 10% or more of the m-cresol by

sorption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above-mentioned and other features and advantages of this disclosure, and

the manner of attaining them, will become more apparent and will be better understood by

3B
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reference to the following descrption of embodiments of the nvention taken in conjunction with

the accompanying drawings, wherei:
{0012} FIG 11 a top plan view of a known wsulin infiision set (IIS) device;

{0013} FI(. 2 18 a perspective view of an exerplary HS device of the present disclosure,
the device mncluding a reservoir connector, aline set tubing, a base connector, and an infision

base with a tortucus fluid pathway,
10014} FIG. 3 is a top plan view of the line set tubing and the base connector of FIG. 2;

10015] FIG 4 is a cross-sectional view of the line set tubing of FIG. 3, taken along line 4-

4 of FIG. 3;

{06016} FIG. S 18 a top plan view of a second line set tubing with the base convector of
FIG. 2,
{60617} FiG. 615 a cross-sectional view of the second line set tubing of FIG. 5, taken

along line 6-0 of FIG. 5;

{0018} FIG. 718 a top plan view of a third line set wibing with the base connector of FIG.
{6019} FIG 81 a top plan view of a fourth line set wbing with the base connector of
FiG. 2;

{00261 FIG. 9is a top plan view of a fith Ime set tubing with the base comnector of Fi(s.
2;

{00211 FIG. 10 18 a cross-sectional view of' the fifth line set tubing of FIG. 9, taken along

lme 10-100of FIG. 9;
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{0022} FiI(. 11 15 a schematic cross-sectional view of the device of FIG. 2 appled toa
patient’s skin, the device also mchiding an adhesive pad and an mftsion catheter, wherein the

device contams a bed of microbeads;

{0023} FIG. 12 18 another schematic cross-sectional view smmilar to FIG. 11, wherein the

device contains a porous filtration membrane;

{0024} FIG. 13 18 another schematic cross-sectional view similar to FIG. 11, wherein the

device contains a bed of microfibers;

[0025] FIG. 14 18 another schematic cross-sectional view of the device of FIG. 2 applied

to a patient’s skin, wherem the device icludes a medicament on the mfusion catheter;

{0026} FiG. 15 is another schematic cross-sectional view similar to FIG. 14, wherein the

medicament is released into the patient;

{0027} FIG. 16 18 another schematic cross-sectional view of the device of FIG. 2 apphed

to a patient’s skin, wherein the mfusion catheter includes a single delvery aperture;

{6028} FiG. 17 18 another schematic cross-sectional view smmilar to FIG. 16, wherein the

mfusion catheter includes a plurality of delivery apertures;

6029} FIG. 18 18 a chart showing m-cresol sorption over time when an insulin

formulation 18 exposed to a first sorbent material, and

{0030} FIG. 19 15 a chart showing m-cresol sorption over time when the msulin

formulation 18 exposed o a second sorbent material

{0031} Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein lustrate exemplary enmbodiments of the
nvention and such exemphfications are not to be construed as imiting the scope of the mvention

in any manner.

DETAILED DESCRIPTION

L
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{0032} An exemplary HS device 200 of the present disclosure s shown m FIG. 2.
Device 200 15 similar to device 100 of FIG. 1, with lke reference numerals mdicating bke parts,
except as described below. Af its first, proximal end 212, device 200 mcludes a reservoir
connector 220 configured to couple with an msulin reservor (not shown), a flexible line set
tibing 222, and a base connector 224 in the shape of a male buckle portion. At its second, distal
end 214, device 200 mcludes an infusion base 230 m the shape of a female buckle portion
configured 1o receive the base connector 224, an adhesive pad 232 (FIG. 11) configured io
adhere the infiision base 230 to the patient’s skin § (FIG. 11), and an mfusion catheter 234 (FIG.
11) configured for imsertion mito the patient’s skin S. In use, the insulin fornulation s directed
from the pump, through the line set tubing 222, through the ifusion catheter 234 (FIG. 11), and

mto the patient’s subcutaneous (SC) tissue (FIG. 11).

{0033} Device 200 may include various features designed to achieve longevity i CSII
miusion site viability.  As a result, the mfuston site may last longer than 3 days, 5 days, 7 days,
or more, such as about 7 to 14 days, which may reduce insulin waste, reduce scarring, and enable
a once-weekly or once-biweekly change-over time frame for a fully integrated artificial pancreas
system. These featwes are described individually below, but it 15 understood that these features

may be used mdividually or in combination.

{0034} While the following disclosure focuses on an 1S platform, the principles
described herein have broad applicability in the field of polypeptide delivery, miore generally

parenteral drug delivery.

1. Sorbent Materials

{6035} A first exemplary feature of device 200 meludes one or more sorbent materials
240, as shown in FIG 2. Sorbent material 240 15 configured to contact the msulin formulation as
it travels through device 200 and collect phenolic excipients (e g, m-cresol, phenol,
methylparaben, ethylparaben, butylbaraben, other preservatives, and combimations thereof) from
the meulin formulation by sorption, such as adsorption and/or absorption, prior to delivery to the

SC tssue (FIG. 11)
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{0036} Sorbent material 240 may have a high organic affinity to attract and collect the
organic phenolic excipients, i particular m-cresol, by sorption, such as adsorption and/or
absorption.  Some sorption may occur within a matter of seconds or minutes upon contact. The
sorption may increase over time. For example, after a 1-hour exposure time, sorbent materal
240 may be capable of collecting over 5%, 10%, 15%, 20%, 25%, or 30% of the m-cresol
mitially present in the msulation formulation.  In certain embodiments, sorbent material 240 may
be capable of collecting over 60%, 65%, 70%, 75%, or 80% of the m-cresol after the 1-hour
exposwre time. The sorption may also increase as the surface area and/or volume of sorbent

material 240 increases. Particular examples are provided in Section 4 (Examples 1 and 2) below.

10037} Exenmplary sorbent materials 240 inchide polymers having at least ove phenyl ring
i the backbone of the polymer structure.  In one particular embodiment, sorbent material 240
mcludes two or more phenyl rings in the backbone of the polymer structure, as shown in

Formula (I) below. Examples of such polymer structures based on Forowla (1) melude aromatic
polyurethanes (PU) (e.g, Texin® 285, which is an aromatic polyester-based thermoplastic

polyurethane (TPU) available from Covestro AG) and polysulfone.

R'?@)—RE@)— R3

{6038} Other exemplary sorbent materials 240 mclude polymers having at least one

? M

phenyl rng m a side cham of the polymer structure, as shown in Formula (1) below. Examples

of such polymer structures based on Formula (1) inchide poly(phenyl methyl siloxane),

e}
;ﬁ"
&’/ (i)

{0039} The above-described polymers may be copolymerized to form a block or random

poly(dipheny! siloxane), and polystyrene.

copolymer. For example, the above-described polystyrene may copolymerized to form a
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poly(styrene-ethylene-butylene-styrene) (SEBS) copolymer (e.g, Mediprene® 500450M

avallable from HEXPOL TPE), ora polystyrene : SEBS block copolymer.

{0040} Other exemplary sorbent ruaterials 240 may include nylon 66 (e.g, Technyl® A
205F available from Solvay Engineering Plastics), ethylene vinyl alcohol (EVOH) (eg,
EVAL™ F171 avallable from Kuraray Co,, Lid.), polychlorotrifluorcethylene (PCTFE),
poly(acrylouitrile) (PAN), poly(vinyhidene chlonide) (PVDC), polyisoprene, butyl tubber,

chlorobutyl rubber, and polypropylene (PP) (e.g., Formolene® 3435E available from Formosa

Plastics).
{0041} Still other exemplary sorbent materials 240 may wclude silicone, such as
polv{dimethy! siloxane) (PDMS) (e.g, SYLGARD® 184 available from Dow Coming

Corporation, MED-6755 available from NuSil Technology, XIAMETER® RSN resins available

from Dow Corning Corporation).

{0042} The application of sorbent material 240 to device 200 may vary. In certain
embodiments, device 200 may be constructed partially or entirely of sotbent material 240. For
example, device 200 may be constructed partially or entirely of TPU. In other embodiments,
sorbent matetial 240 may be applied (e.g, coated, ned, over-molded) onto an underlying
surface of device 200. For example, a block copolymer comprising styrene and one or more
polyolefing (e.g, SEBS) may be appled onto an underlying surface of device 200, In other
embodiments, sorbent material 240 may be appled onto a fitration mechamsro that 15 loaded

imnto device 200. Varous applications of sorbent material 240 are exemplified below.

{0043] The location of sorbent material 240 on device 200 may also vary. In certain
embodiments, and as shown i FIG. 2, sorbent material 240 s located at distal end 214 of device
200, more specifically i a fhud pathway 250 that transports the msulin formulation through
mfusion base 230, such that the msulin formulation contacts sorbent material 240 mmediately or
soon before delivery to the patient.  This arrangerent may preserve the mtegrity and stability of
the meulin formulation and romimize nisk of msulin precipitation and fluid path occlusion
Additionally or alternatively, sorbent material 240 may be located at distal end 214 of device
200, such as on line set tubing 222 and/or base connector 224 of device 200. In one example,

proximal end 212 of device 200 (e.g., Iine set tubing 222) may melude a first sorbent material
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240 having a relatively low aflinity for phenolic excipients and distal end 214 of device 200
(e g, miision base 230) may mclude a second sorbent material 240 having a relatively high
affinity for phenolic excipients, thus creating a diffision gradient across device 200 that draws
the phenolic excipients from the msulin formudation. A diffision gradient may also be created
by co-extruding an element of device 200 {e.g, lne set tubing 222} with two different sorbent
materials 240 having increasing affinities for phenolic excipients. Various locations of sorbent

material 240 are exemplified below.

{0044} According to an exemplary embodiment of the present disclosure, device 200 may
nclude one or more modified fluid pathways that transports the mnsulin formulation through
device 200 and s designed to mcrease the surface area contact, volume contact, and/or the
exposure time between the msulin fornulation and sorbent material 240, For example, the
surface area contaiming sorbent material 240 mav be increased {e.g, elongated) and/or the
volume containing sorbent material 240 may be increased (e.g, thickened) relative to a standard
fuid pathway, such as by about 5 times, 10 times, 15 times, 20 times, or more. The exposure
time between the msulin formulation and sorbent material 240 may have a corresponding
merease. Depending on the rate at which the msulin fornulation is delivered to the patient,
device 200 may be designed to have a total residence time as low as several seconds and as high
as several hours. Fora patient recetving a basal dose {e.g, 0.75 units/hour), device 200 may be
designed to have a total residence time from about 23 minutes to about 10 hours or more, for
example. For a patient receving a bolus dose (e.g, 2 unts/hour), device 200 may be designed to
have a total residence time from about 8 seconds to about 4 minutes or more, for example. In
other embodiments, the fluid pathway may remamm unmodified while still achieving sufficient

contact with sorbent material 240,

0045} in the dlustrated embodiment of FIG. 2, fhid pathway 250 of infusion base 230 s
defined by an nteral surface 251 having a large surface area to accommeodate sorbent material
240, In FIG. 2, this large surface area is achieved by forming a long indirect, and tortuous fhuid
pathway 250 through mfusion base 230 with a plurality of bends or turns 252 (FIG. 11). It s
also within the scope of the present disclosure to achieve this large surface area by placing a

plurality of mternal obstacles (e g, fingers) (not shown) on surtace 251, for example. Depending
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on the size and shape of mfiision base 230, the number of bends 252 w fhud pathway 250 may
vary, such as about 5 bends, 10 bends, 15 bends, 20 bends, or more. The location of each bend
252 may also vary. o FIG. 2, flud pathway 250 has a zig-zag arrangement with bends 252
located at opposing left and right sides of infusion base 230, but it 18 also within the scope of the
present disclosure for bends 252 to be located at opposing front and rear ends of mfiision base
230 and/or at opposing top and bottom surfaces of mfusion base 230, for exanmple.  The surface
251 that defines the tortuous fluid pathway 250 may have a larger surface area than a standard
surface that defines a direct {e.g, linear) pathway, such as about 5 times larger, 10 times larger,
15 times larger, 20 times larger, or more. In this embodiment, the surface 251 defining the
ilustrative fluid pathway 250 of F1G. 2 may have a total surface area of about 150 mn?® to about
750 mn. Also, the time required for the insulin formulation to travel through the tortuous fluid
pathway 250 may be longer than the time required to travel through a direct {e.g, linear)
pathway, such as about 5 times longer, 10 times longer, 15 times longer, 20 times longer, or
more. By mcluding sorbent material 240 on swface 251, the msulin fornulation traveling
through fluid pathway 250 of mfision base 230 may experience mcreased and/or extended
exposure to sorbent material 240 to ephance sorption and removal of phenolic excipients from

the wmsulin formulation.

10046} in the flustrated embodiment of FIGS. 3 and 4, fluid pathway 260 of line set
tubing 222 is defined by an internal swface 261 having a large surface area to accommodate
sorbent material 240, In FIGS. 3 and 4, this large surface area is achieved by placing a plurality
of mternal obstacles, specifically lefi-side fingers 264L and night-side fingers 264R, on swrface
261, Inthis embodiment, the surface 261 (including fingers 264L, 264R) defining the illustrative
fluid pathway 260 of FIGS. 3 and 4 may have a total surface area of about 0.6 inches? to about 2
inches”. Opposing pairs of fingers 264L, 264R may be longitudinally offket from each other, as
shown near base connector 224, which may create a tortuous fhuid pathway 260 with bends or
turns 2062, Additionally or alternatively, opposing pairs of fingers 264L, 264R may be
longitudinally aligned with each other, as shown in FIG. 4, which may create non-circular areas
of narrow cross-section in fluid pathway 260 {(e.g., m areas with fingers 264L, 264R} and areas
of wide cross-section n fhud pathway 260 {(e.g, in areas without any fingers 264L, 264R). By

mchuding sorbent material 240 on fingers 2641, 264R and/or the rest of surface 261, the msulin

10



WO 2017/184985 PCT/US2017/028850

formulation traveling through fhud pathway 260 of line set tubing 222 may experience increased
and/or extended exposure to sothent material 240 to enhance sorption and removal of phenolic

excipients from the msulin fornulation.

{0047} In the dlustrated embodiment of FIGS. 5 and 6, flud pathway 260° of lne set
bing 2227 18 defined by an mternal surface 2617 having alarge surface area to accommodate
sorbent material 240, In FIG. 6, this large surface area is achieved by placing a plurality of
mternal extensions, specifically trnangular-shaped fingers 266, around surface 261 to form a
non-circular, star-shaped fluid pathway 2607, In this embodiment, the surface 2617 (mcluding
fingers 2667} defining the dlustrative fhud pathway 260" of FIGS. 5 and 6 may bave a total
surface area of about 7 inches® to about 15 inches”. Fach finger 266° may extend the entire
fength of line set tubing 2227, or discrete fingers 266° may be positioned along the length of ling
set wbing 2227, H 8 also within the scope of the present disclosure for each finger 20667 io
follow a spiral path across iine set tubing 2227 such that pathway 2607 also follows a spiwral path
By including sorbent material 240 on fingers 266° and/or the rest of surface 2617, the msulin
formulation traveling through fhud pathway 260° of line set tubing 222 may experience
mncreased and/or extended exposure 1o sorbent material 240 to enhance sorption and removal of

phenolic excipients from the insulin fornwlation.

10048} In the dlusirated embodiments of FIGS. 7 and 8, thud pathway 2607 of line set
tubing 2227 is defined by an internal swface 2617 having a large surface area to accommodate
sorbent material 240. In FIG. 7, this large swrface area is achieved by placing a plurality of
mternal obstacles, specifically circular-shaped discs 2687 with holes 2697, in fluid pathway
2607, In this emvbodiment, the surface 2617 (including discs 2687") defining the tlustrative
fluid pathway 260" of FIG. 7 may have a total surface area of about 0.6 inches® to about 2
inches’. The holes 269" of adjacent discs 268" may be positioned out of alignment with each
other to enhance the tortuous nature of flud pathway 2607, In FIG 8, this large surface areais
achieved by placing a plurality of internal star-shaped paddlies 2707, in flud pathway 2607, In
this embodiment, the surface 2617 (including paddies 2707 defining the dlustrative thud
pathway 260”7 of FIG. 8 may have a total surface area of about 0.6 inches? to about 2 inches?.

Adjacent paddles 2707 may be positioned out of alignment with each other to enhance the

il
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tortuous nature of fluid pathway 26077 By wmcluding sorbent material 240 on discs 2687,
paddies 2707, and/or the rest of each surface 26177, the msulin formulation traveling through
fluid pathway 2607 of line set tubing 22277 may experience increased and/or extended exposure
to sorbent material 240 to enhance sorption and removal of phenolic excipients from the insulin
formulation.

{0049} In the idlustrated embodiment of FIGS. 9 and 10, fud pathway 26077 of line set
tubing 222777 18 defined by an nternal surface 261777 having a large surface area to accommodate
sorbent matenial 240, In FIG 10, this large surface area is achieved by placing a plurality of
mternal walls, specifically cwcuar-shaped walls 272777, in line set tubing 22277 to divide flud
pathway 2060777 mto a plurality of mndividual find pathways 2604777, 260877, ete. In this
embodiment, the surface 261777 (including walls 27277} defining the lustrative fhud pathway
2607 of FIGS. 9 and 10 may have a total surface area of about 1.3 inches® o about 4.6 inches®.
In one embodiment, the msulin formulation may travel through a single fluid pathway (e.g., fhud
pathway 260A°""} in close proximity to the surrounding circular-shaped wall 27277, In another
embodiment, the fhud pathways may be interconnected at the ends of bne set tubing 222777 such
that the msulin formulation travels back and forth through a phwalty of mterconnected fld
pathways (e.g, fhud pathways 2604777, 260B°"", etc.) in a zig-zag arrangerent. By including

)

sorbent material 240 on internal walls 272" and/or the rest of surface 261777, the nsulin
formulation traveling through line set tubmg 222777 may experience increased and/or extended
exposure to sorbent material 240 to enhance sorption and removal of phenolic excipients from

the msulin formulation.

10050] In ancther embodiment, device 200 may inchide an enfarged flud well {not
shown) configured to hold the msulin formulation for an extended period of ime. The well may
be located along a fluid pathway of lne set tubing 222, base connector 224, and/or infusion base
230 of device 200, for example. The surface that defines the well may include sorbent material

240, as discussed above.

{0051} According to another exemplary embodiment of the present disclosure, device
200 may include one or more filtration mechanisms of sorbent material 240 configured to

mcrease the surtace area contact, volume contact, and/or the exposure time between the msulin
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formulation and sorbent material 240, The filtration mechanism may be located along a fluid
pathway of line set tubing 222, base comector 224, and/or mitsion base 230 of device 200, for
example.  In other embodiments, device 200 may lack the filtration mechanism while still

achieving sufficient contact with sorbent material 240,

[0052] In the ilustrated embodment of FIG. 11, base connector 224 and/or mfusion base
230 includes a bed of nicrobeads 280, By wcluding sorbent material 240 on microbeads 280
themselves and/or the mtermal walls of device 200, the msulin formudation traveling through
microbeads 280 may experience increased and/or extended exposure to sorbent material 240 to

enhance sorption and removal of phenolic excipients from the msulin formulation

{0053] In the lustrated embodment of FIG. 12, base connector 224 and/or infusion base
230 includes a porous filtration roembrane 282, The membrane 282 may be fibrous in nature and
may be woven or non-woven. By inchiding sorbent material 240 on membrane 282 itself and/or
the mtemal walls of device 200, the msulin tormulation traveling through menbrane 282 may
experience increased and/or extended exposure to sorbent material 240 to enbance sorption and

rernoval of phenolic excipients from the msulin formulation.

[0054] In the lustrated embodment of FIG. 13, base connector 224 and/or mfusion base
230 of device 200 includes a bed of microfibers 284, By mcluding sorbent muaterial 240 on
microfibers 284 themselves and/or the mtemal walls of device 200, the insulin formuldation
traveling through microfibers 284 may experience increased and/or extended exposure to sorbent

material 240 to ephance sorption and removal of phenolic excipients from the nsulin

formulation.
2. Medicaments
{6055] A second exemplary feature of device 200 mcludes a medicament 290, as shown

m FIG. 14, configured to reduce mflammation or slow the progression of the mflammatory
response. Medicament 290 may be located along the fhud pathway of device 200 and configured
for release and dissolution mto the msulin formulation traveling through device 200 for delivery

to the patient.



WO 2017/184985 PCT/US2017/028850

{0056] Medicament 290 may include one or more antt-inflammatory agents. Exemplary
anti-inflammatory agents include ibuprofen, naproxen, aspiin, plumbagin, plumericin,
celecoxib, diclofenac, etodolac, ndomethacin, ketoprofen, ketorolac, nabumetone, oxaprozin,
piroxicar, salsalate, sulindac, tolmetin, rapamycin, dexamethasone, betamethasone, heparin,

srolimus, and paxlitaxel, for example.

{0057} Medicarment 290 may also mclude other therapeutic agents alone or i
combination with the anti-mflarmomatory agents. Exemplary therapeutic agents include nhibitors
of tyrosine kinase {(e.g, masitinib), mhibitors of the matricellular protein Thrombospondin 2
(TSP2), inhibitors of fibrosis-stimulating cytokines including Connective Tissue Growth Factor
{(CTGE), mhibitors of members of the miegrin family of receptors, Vascular Endothelial Growth
Factor (VEGF), antimicrobial agents (e.g, sitver) and diffision enhancing agents (e.g,
hyaluromdase), for example. In one particular example, medicament 290 includes the

therapeutic agent VEGEF i combination with the anti-inflammatory agent dexamethasone, but

other combinations are also contemplated.

{0058} Medicament 290 may be combmed with one or more polymers to form a blend or
matrix, which may mprove film or coating properties, improve solubility or elution properties,
and/or impart a time-release effect o elution of medicament 290 mto the patient’s SC tissue.
Exenplary polymers inchuide polyethylene glycol (PEG), polyvinyl alcohol (PVA), polvlactic
acid (PLA), polyglycelic acid (PGA), poly(lactic-co-glveolic acid) (PLGA),
polvhydroxyethylmethacrylate (PHEMA), polv(methacrylic acid) (PMAA), alginate, {poly)

phosphoryl chlorines and {poly) ester amides, for example.

{0059} The application of medicament 290 to device 200 may vary. In certamn
embodiments, medicament 290 may be incorporated (e.g, embedded) directly into device 200,
In other embodiments, medicament 290 may be applied (e.g, coated) onto an underlying surface
of device 200. In other embodiments, medicament 290 may be applied onto a filtration

mechanmsm that is loaded into device 200.

{0060} The location of medicament 290 on device 200 may also vary. As noted above,
medicament 290 may be located along the fhud pathway of device 200. More specifically,

medicament 290 may be located mside hine set tubing 222, inside base comnector 224, inside

i4
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infusion base 230, mside infision catheter 234, and/or ocuiside infusion catheter 234 of device
200, In the dlustrated embodiment of FIG. 14, for example, medicament 290 is coated onto an
outer surface 235 of mfusion catheter 234 to substantially cover the outer surface 235 In FIG
15, medicament 290 disperses into the patient’s SC tissue along with the msulin formulation
traveling through device 200, which may reduce the magnitude or velocity of the patient’s
mflammatory response.

53
3

Dispersive Catheter

{0061} A third exemplary teature of device 200 includes a dispersive mfision catheter
2347, as shown m FIG. 17. The dispersive mfusion catheter 234° may be designed to deliver the
msulin formulation (and any phenolic excipients and/or medicaments 290 dissolved therem) i a
more diffise manner over a greater volume, thereby distibuting the SC tissue msult over a
greater volume and minimizing localized wnpact. For example, rather than exiting mfusion
catheter 234 at a single location (e.g, at the distal-roost tip 214), as shown m FIG. 16, the msulin
formutation may extt the dispersive mfusion catheter 2347 through a plurality of apertures 236
distributed across outer surface 2357, as shown m FIG. 17, The dispersive mifusion catheter 2347
of FI3. 17 may have a sponge-like construction with a plurality of distinct or interconnected

mternal passageways (not shown) leading to the plurality of apertures 236°.

4. Exanmples
Exarple 1: Sorption of m-Cresol with SEBS
10062} A plurality of samples were prepared, each sample including a sorbent material

R

mmersed i an msulin formulation. Each sorbent material was a molded Mediprene®™ 500450M
SEBS structure having a surface area of 450 mny’ and a volume of 375 mm’, resulting ina 1.2
mm! ratio of surface area to volume.  Fach insulin formulation was a | mL Humalog® U-100
msulin ispro formulation, which is availlable from Eh Lilly and Company. Afler a
predetermined soak time of 2 minutes, 4 minutes, 15 minutes, 25 minutes, 60 minutes, 90
nirutes, |80 minutes, © hours, 9 howrs, 12 hours, 24 hours, 2 days, 4 days, 6 days, 8 days, or 10

days {240 hours), the SEBS sorbent material was removed from its msulin formulation. Then,
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the m-cresol concentration of each msulin formulation was measured using reverse phase High

Performance Liguid Chromatography (HPLC).

{0063} The results are presented i FIG. 18, which shows that the m-cresol concentration
m the msulin formulation decreased over time when exposed to the SEBS sorbent material
compared to a control sample. After 1 hour, the m-cresol concentration had decreased from
about 3.4 mg/ml to about 0.9 mg/ml., which represents a 74% decrease. After 240 hours, the m-
cresol concentration had decreased to about 0.3 mg/ml, which represents a 91% overall

decrease.

{0064} Additional samples of the SEBS sorbent material were prepared and tested m a
sioilar manner.  The sorption results were wopacted by both surface area and volume of the
SEBS sorbent matenial, which suggests that m-cresol may be collected through both surtace
adsorption and bulk absorption.  For example, two of the addttional samples had smaller surfaces
areas than the above samples, specifically 82 ron® and 165 mun®. After 1 hour, these sroaller
samples had collected less m-cresol than the larger samples above, specifically 19% sorption for

the 82 nm’ size sample and 34% sorption for the 165 mn? sample.

Frarople 2: Sorption of a:-Cresol with TPU

{06065} Example 1 was repeated, but with Texin® 285 TPU as the sorbent material  The
results are presented m FIG. 19, which shows that the m-cresol concentration m the msulin
formulation decreased over time when exposed to the TPU sorbent matenal compared to a
control sample. After 1 hour, the m-cresol concentration had decreased from about 3.3 mg/ml to
about 0.9 mg/mlk, which represents a 73% decrease. After 240 howrs, the m-cresol concentration

had decreased to about 0.1 mg/ml, which represents a 97% decrease.

{0066} Additional samples of'the TPU sorbent material were prepared and tested in a
similar manner. The sorption results were impacted by both surface area and volume of the
SEBS sorbent material, which suggests that m-cresol may be collected through both surface
adsorption and bulk absorption.  For example, one of the additional sanmples had a smaller

surface area than the above samples, specifically 150 mm®. After | hour, this smaller sample had

collected less m-cresol than the larger samples above, specifically 29% sorption.
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[0067] While this invention has been described as having exemplary designs, the present
invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.

[0068] The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an acknowledgment
or admission or any form of suggestion that that prior publication (or information derived from
it) or known matter forms part of the common general knowledge in the field of endeavour to

which this specification relates.

[0069] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and "comprising",
will be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.
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WHAT IS CLAIMED IS:

L. An insulin infusion set device comprising:

a flexible tubing configured to receive an insulin formulation containing at least one
phenolic excipient;

a base coupled to the tubing and configured to receive the insulin formulation;

a catheter coupled to the base and configured to deliver the insulin formulation to a
patient;

a tortuous fluid pathway positioned in the base and configured to transport the insulin
formulation through the base, the tortuous fluid pathway including a plurality of bends; and at
least one polymeric sorbent material positioned along the tortuous fluid pathway and in fluid
communication with the insulin formulation in the device, the at least one polymeric sorbent
material being configured to collect the at least one phenolic excipient from the insulin

formulation by sorption.

2. The device of claim 1, wherein the tortuous fluid pathway has a zig-zag
arrangement.
3. The device of claim 1, wherein the at least one phenolic excipient is m-cresol, and

the at least one polymeric sorbent material is capable of collecting 10% or more of the m-cresol.

4. The device of claim 1, wherein the at least one polymeric sorbent material has at

least one phenyl ring in a backbone of the polymer.

5. The device of claim 4, wherein the at least one polymeric sorbent material is an

aromatic polyester-based thermoplastic polyurethane (TPU).

6. The device of claim 1, wherein the at least one polymeric sorbent material has at

least one phenyl ring in a side chain of the polymer.
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7. The device of claim 6, wherein the at least one polymeric sorbent material is a

poly(styrene-cthylene-butylene-styrene) (SEBS) copolymer.

8. The device of claim 1, wherein the at least one polymeric sorbent material is
located at a distal end of the device such that the at least one phenolic excipient is collected

before the insulin formulation is delivered to the patient.

9. The device of claim 1, wherein the tubing is constructed of or coated with the at

least one polymeric sorbent material.

10. The device of claim 1, wherein the base is constructed of or coated with the at

least one polymeric sorbent material.

1. The device of claim 1, wherein the at least one polymeric sorbent material is
located on at least one of: a bed of microbeads, a porous filtration membrane, and a bed of

microfibers.
12. The device of claim 1, further comprising a medicament comprising at least one
anti-inflammatory agent coupled to the device in fluid communication with the insulin

formulation.

13. The device of claim 1, wherein an outer surface of the catheter includes a plurality

of apertures configured to deliver the insulin formulation to the patient in a diffuse manner.
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