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Abstract

Continuous subcutaneous insulin infusion (CSIl) is becoming increasingly used for achieving target glycemic control as well
as providing flexibility in lifestyle. In a widely used version of CSlI, the insulin pump itself is attached to one end of an insulin
infusion set (IIS), which delivers insulin via a thin flexible plastic tube to the patient’s body via a cannula or needle that
is inserted under the skin at the other end of the IIS. Despite the increased use of CSII by patients with diabetes, there
have been few recent advances in IIS technology, especially when compared to the many recent advances made in insulin
pump technology and in insulin pharmacokinetics. To discuss recent developments in, and future plans for IIS development,
Diabetes Technology Society virtually hosted the Advances in Insulin Pump Infusion Sets Symposium on December [, 2020.
This symposium featured experts in the field of IISs, including representatives from Medtronic and ConvaTec (which are
two manufacturers that are currently developing IISs), Stanford University, Steno Diabetes Center Copenhagen, and Science
Consulting in Diabetes. The webinar’s six speakers covered () patient burden, (2) extended wear technology, and (3) future

directions in IIS development.
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Introduction

An insulin pump allows flexible manual adjustment of insu-
lin dosing as well as automated algorithm-controlled insulin
delivery as part of a closed loop system. An insulin infusion
set (IIS) delivers insulin from the insulin pump to the subcu-
taneous tissue of a patient with diabetes. An IIS consists of
thin plastic tubing connected to a cannula or needle which is
inserted in the patient’s skin and typically held in place at the
infusion site by an adhesive.' The other end of the IIS is con-
nected to the pump via a universal or proprietary connecto r.
IISs must be changed every few days in most patients to
avoid skin problems, such as infections and lipohypertro-
phy.? It is preferable that a person with diabetes chooses a
new infusion site every time they reposition their I1S.! The
purpose of continuous subcutaneous insulin infusion (CSII),
compared to multiple daily injections, is to reduce the patient
burden associated with frequent subcutaneous insulin injec-
tions as well as deliver continuous infusion of insulin to
mimic physiologic insulin production. However, studies
have shown the current generation of IISs is not popular

among people with diabetes who are interested in CSIIL.3
Users express multiple reasons for dissatisfaction, ranging
from various issues that arise at the insertion site to malfunc-
tions in the 11S.* The current generation of IISs are prone to
such malfunctions as occlusion which stops the flow of insu-
lin, air bubbles in the tubing which interferes with the flow of
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insulin, kinking of the catheter which can interfere with or
halt the flow of insulin, and the need for priming, which can
interfere with correct dosing of insulin, all of which degrade
their appeal and cause some patients to turn to insulin patch
pumps, which do not use IISs, but have their own advantages
and disadvantages.® All pump types (both patch and conven-
tional) have been associated with cases of allergic dermatitis
caused by the adhesive maintaining their insertion site in
place.* Acrylates are a commonly used ingredient in adhe-
sives for securing many diabetes devices, including IISs. In
2020, one specific widely used acrylate, isobornyl acrylate,’
was named Allergen of the Year by the American Contact
Dermatitis Society.” 2,2"-methylenebis(6-tert-butyl-4-meth-
ylphenol) monoacrylate, which is used as an ingredient in
adhesive for some pumps, has also been implicated as a
potential cause of contact allergy.®

There is a need for new ideas, new technologies, and new
products for IISs. This three-part report characterizes (1) the
patient burden associated with using current IISs, (2) new
developments in extended wear technology, and (3) future
directions for IIS developments that would be well received.

Section |: Patient Burden

Lutz Heinemann, PhD
Science Consulting in Diabetes GmbH, Neuss, Germany
Key Points:

e [ISs are critically important for successful insulin
pump therapy. More attention should be paid to them
in order to support patients with diabetes to achieve
their therapeutic goals in a safe and efficient way.

e Insulin pump therapy has made great progress in
recent decades, mainly driven by many different
improvements in pump technology. The progress
made with respect to IISs is less prominent.

e Scientific focus on IIS is mainly driven by the manu-
facturer of insulin pumps/IISs. Basic research is
needed with respect to factors that influence insulin
absorption in the subcutaneous tissue.

Jannet Svensson, MD, PhD

Chief Physician in Paediatrics, Department of Pediatrics
and Adolescent Medicine, Herlev and Gentofte Hospital,
Herlev, Denmark
Key Points:

e Skin reactions with respect to IISs are much more
common than should be expected and receive little
clinical attention, which is why they tend to be
chronic. Checking for skin reactions at insertion sites
of IISs should be part of routine care.

e Itching or skin reactions add to the mental burden of
wearing an insulin pump; developing better IISs may
help ease the burden.

e The constituents and design of IISs are important fac-
tors affecting the risk of developing skin irritation and
eczema. Mandatory legislation requiring disclosure of
adhesive constituents may help identify toxic or aller-
gic material in the housing of the IIS or the adhesive
used to fix the IIS on the skin.

Summary

The number of insulin pump users is over 500 000.° While the
insulin pumping technology has been progressively improv-
ing, there has not been similar advances in IIS technology,
despite the important role of IISs in ensuring optimal insulin
delivery. Patients often complain of skin irritation or allergic
reactions when employing CSII therapy, typically from the
adhesive component of their IIS. Patients can also experience
insertion anxiety resulting from the pain associated with pierc-
ing the skin and they might link pain to the sound from their
IIS inserter. Other acute IIS problems can include complete
pullout, insulin leakage hematoma, occluded tubing, a kinked
cannula, a loose hub, or a punctured line. Currently, IISs are
recommended to be replaced every two to three days and are
not suitable for extended wear in the majority of patients. If
current [ISs remain in the subcutaneous tissue for more than
three days, then inflammation, irritation, or a local infection
can occur at the insertion site. The result is that insulin absorp-
tion is hampered, the IIS has to be pulled out, and a new IIS
has to be inserted at another infusion site. Local skin problems
may occur because of the insulin itself, rather than the IIS, ie,
lipohypertrophy in the skins take place. The absorption of
insulin in the subcutaneous tissue related to various types of
IISs used for CSII has not been extensively-researched. The
kinetics of insulin absorption from skin with lipohypetrophic
changes have also not been extensively studied. All of these
factors based on inadequate research and unsolved problems
with current IISs contribute to the patient burden associated
with the use of CSII. Further research is needed to develop
safer adhesive materials, better product designs, and longer
lasting IISs to decrease the current patient burden.

Section 2: Extended Wear Technology

Ohad Cohen, MD

Director of Medical Affairs, Medtronic Diabetes EMEA,
Tolochenaz, Switzerland
Key Points:

e There is an unmet need for longer IIS wear duration in
pump users.

e Medtronic solutions for reducing inflammation and
improving adhesive with IISs were assessed in a clini-
cal trial.

e The results of the trial demonstrate that these solu-
tions resulted in an Extended Wear Infusion Set
(EWIS) that has had 80% survival for seven days.
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Sarnath Chattaraj, PhD, MS
Senior Research Director,

California, USA

Key Points:

Medtronic, Northridge,

e Decreased insulin-induced chronic inflammation is an
important target for lengthening the duration of IIS
wear.

e Loss of preservative and insulin aggregation are major
contributors in causing insulin-induced chronic
inflammation.

e Medtronic research has developed novel approaches for
[ISs that mitigate the loss of preservative and insulin
aggregation as well as improve adhesive performance.

Summary

[ISs are currently indicated for two to three days of wear.!0

The goal of developing an extended wear IIS is about twice
that duration. Extending the IIS wear duration satisfies
patients’ interests in longer wear-times, which can allow pre-
vious infusion sites more time to rest and heal. In vitro
Humalog/Novolog stability testing have demonstrated that
less than 50% of the preservative content from the insulin
reservoir is actually pumped with traditional IISs and even
after twelve days, over 50% of the initial preservative added
to the insulin by the pharmaceutical manufacturer was still in
the reservoir.!” Preservatives are important to prevent aggre-
gation of insulin and prevent local inflammation. Aggregates
can be characterized in two ways: chemical and physical. (a)
Chemical aggregates have a United States Pharmacopeial
specification of no more than 1.5% for both Insulin Aspart
(Novolog) and Insulin Lispro (Humalog) injection. (b) There
are no standard specifications for physical aggregates of
insulin. Increased aggregates lead to more pro-inflammatory
cytokines formation and reduced wear duration. Dynamic
light scattering showed that the pumped insulin with low pre-
servative content contains an increased number of insulin
aggregates and that such aggregates cause increased pro-
inflammatory cytokine production in murine macrophage
cultures.'® TIS survival at three days in a diabetic porcine
model was reduced from 77% using insulin containing a nor-
mal preservative concentration to 15% with a low preserva-
tive concentration. These data suggest that loss of preservative
and insulin aggregation are major contributors to insulin-
induced site inflammation. Testing of seven adhesive vari-
ants in human subjects identified one variant with both a
long wear-time and good comfort.!! Medtronic has designed
a novel IIS that maintains better insulin formulation stability
in the fluid path. This new IIS also benefits from parallel
research studies designed to identify the best performing
adhesive. The safety and efficacy of this newly designed
EWIS in 21 subjects was compared to published results of
the MiniMed™ Quick-set™.!? The trial demonstrated that
the newly designed EWIS has an 80% survival for seven

days compared to 33% for the comparator without a change
in the total daily insulin dose. EWIS permits people with dia-
betes to change their IISs half as often and to rest their pre-
ferred infusion sites, as well as reduce insulin and plastic
waste.'?

Section 3: Future Directions

Matthias Heschel, PhD

Vice President, R&D, ConvaTec Infusion Care, Taastrup,
Denmark
Key Points:

e [IS innovation must be patient-centric to accommo-
date whatever conditions the patient may exert on it
and not put constraints or limitations onto the patient,
which means the product should not be designed pri-
marily for functionality, but rather for usability.

e System-level innovation thinking is a prerequisite for
enhancing patient care.

e Early-stage collaborative efforts by pharmaceutical
companies and technology providers can bring CSII
to the next level.

Bruce Buckingham, MD
Stanford University, Stanford, California, USA
Key Points:

e The length of IIS wear is being extended and the
insertion sites are becoming more comfortable to
wear.

e Inserters are improving to provide easier insertion of
the needle of an IIS with less medical waste.

e There remain many unanswered questions:

o What causes the underlying biologic process that
results in individual variability in the length of IIS
wear?

o How well will new, Ultra Rapid insulin analogs
work with EWIS?

o Isitpractical to have a single site with a combined
glucose sensor and IIS lasting seven to ten days?

Summary

A main goal for developing new types of IISs is to reduce
patient burden as much as possible without sacrificing their
efficiency or function. Three methods to implement this goal
would be to: (1) develop a smaller discreet inserter to permit
easier insertion of the needle of the IIS and improve portabil-
ity, (2) extend the wear time of the IIS to reduce medical
waste, and (3) modify adhesives to minimize adverse skin
reactions as well as IIS insertion failures. Dr Heschel from
ConvaTec emphasized that company’s most recent innova-
tions, which include a novel IIS (Minimed™ Mio™ Advance).
This IIS provides an excellent patient experience and user
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comfort.'* The system uses a soft cannula utilizing what the
company calls Lantern technology, which contains a catheter
coating and multiple slits intended to reduce foreign body
response and occlusion from bending or kinking to enables
consistent flow of medication even in kinked/bent cannula
situations.'>!® Going forward, the focus on future IIS innova-
tion should be on extending the wear time of IISs. Whereas
promising results have already been presented for IISs with
an average wear time of eight days (using coated soft cannu-
las),' the whole system, including the reservoir and insulin-
on-board calculations, must be considered in order to provide
a true extended-wear experience. Technology developers and
pharmaceutical companies should collaborate on future
Automated Insulin Delivery (AID) systems. In recent years,
the number of publications in PubMed-referenced journals on
this topic have leveled off, which suggests that basic technical
knowledge about insulin delivery to and absorption from the
subcutaneous space has not advanced much in recent years,
despite the increased number of patents on the topic.!”

The interactions between insulin and subcutaneous tissue
must also be better characterized to account for unexplained
infusion set failures that may result from insulin aggregation
or issues with excipients.'® 1ISs should be modified to work
with various insulin formulations to facilitate the implemen-
tation of CSII.

Conclusion

Extended wear technology is important to create successful
and improved IISs. It is now time to alleviate CSII users’
burden currently caused by infusion site-induced local skin
problems and inconsistent insulin absorption. The key out-
comes from improving IIS technology must include: (1)
reducing patient burden and (2) extending wear duration.
Achieving these two goals will definitely upgrade the perfor-
mance of IISs. These two outcomes of IIS research must be
prioritized.

Abbreviations

AID, automated insulin delivery; CSII, continuous subcutaneous
insulin infusion; EWIS, extended wear infusion set; IIS, insulin
infusion set.
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