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Enabling Long Lasting Clinical Outcomes In Coronary Stenting
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Did you know that every 36 seconds, one person in the United States dies from
cardiovascular disease?’ Coronary artery disease (CAD) is the most common type
of cardiovascular disease and is characterized by a build-up of plaque in the
arteries leading to a decreased blood supply to the heart and limbs. Early
interventions, such as medication or lifestyle changes, can help to improve heart
efficiency but do not improve the arteries already impacted by the buildup of
plaque.

A primary intervention for treating CAD involves the insertion of a coronary stent
into the narrowed diseased artery. Once inserted, the stent helps the artery to

remain open and allow blood flow to the heart to be restored. Bare metal stents
were introduced in the early nineties as an initial solution but experienced challenges in terms of in-stent restenosis and thrombosis
occurrence. To help address some of these challenges, drug eluting stents (DES) were introduced in 2002 to provide a safer option and
improved outcome for the patient.?

Coronary drug eluting stents are typically comprised of three parts - the stent construct, a polymer coating that that is responsible for
controlling drug release, and an antiproliferative drug formulated within the polymer coating. The most common drugs used in DES
coating systems include rapamycin (sirolimus or one of the “limus” analogs) and taxane (paclitaxel). Sustained release of these drugs
from DES coatings assures inhibition of intimal proliferation and prevents restenosis after stent implantation. More recently, DES
system developments have shifted more to include coatings formulated with the rapamycin class of drugs due safety concerns regarding
paclitaxel mainly associated with long-term mortality rates.

An important decision for construction of the DES is polymer selection, a critical choice of biostable or biodegradable options based on
intended design and function of the stent system. Choice of polymer can influence the mechanical integrity of the stent, the consistency
of the daily dose of drug delivered, and the response of the body to the intervention. Furthermore, choice of appropriate polymer type
can have a significant impact on clinical outcomes, specifically on the need for reintervention at stent site, as well as adverse effects such
as stent thrombosis, and even for cardiac death. If a biodegradable polymer is selected, consideration also needs to be given for the
degradation characteristics of the polymer and the resulting impact for inflammatory response and activation of the compliment cycle
that is influenced by the surrounding microenvironment conditions.'* The potential objectives of therapeutic interventions are to limit
intimal hyperplasia, modulate inflammatory and proliferative mechanisms associated with the healing process, and induce vascular
repair processes specific to the blood and vascular wall.3

DSM Biomedical has over 10 years of experience in drug eluting vascular applications with both biostable polyurethane and
biodegradable polyester amide platforms. Polyester amides (PEAs) are a new class of biodegradable materials that are used in
commercially approved cardiovascular drug eluting applications (DSM Biomedical, 2022). Our PEA portfolio constitutes a family of

fully synthetic polymers assembled using fully biocompatible and natural building blocks bringing several desired and differentiating
properties for DES applications including:

¢ Excellent metal adhesion properties - PEA materials are fully amorphic and offer excellent adhesion properties to metals
assuring mechanical properties needed for DES applications from manufacturing to stenting. No use of primer is typically needed.

e Tuneability of degradation and release - Proper selection of monomers allows tuneability of our materials for targeted
elution rates and degradation time. Specifically, adjusting ratios of the benzylated and non-benzylated Lysine monomer results in
materials with a more hydrophilic nature, consequently inducing higher rates of hydrolytic degradation (Scheme 1).
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Scheme 1 General structure of PEA III X polymer family
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Controlled zero-order degradation - PEA structure comprises both ester and amide bonds, resulting in degradation behavior
that sets PEAs apart when compared to legacy biodegradable materials used in DES application. Use of both types of ester and
amide bonds in PEAs results in a hybrid degradation mechanism involving enzymatic and hydrolytic routes. As a result, PEAs
degrade with zero-order kinetics, which is differentiating when compared to Polyesters (such as PLGAs and PLAs) that always
degrade by auto-accelerated mechanisms (Scheme 2).
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Scheme 2 Comparison of degradation kinetics of PEA III X family and PLGAs#

No acidification of microenvironment - It is known that the auto-acceleration of Polyester degradation is caused by a drop
of pH within the microenvironment which is caused by degradation of -COOH groups. This drop of pH can also be associated with
adverse reactions after implantation, such as increased inflammation. As PEAs degrade by zero-order kinetics, it has been
confirmed that their degradation does not result in the formation of protonated -COOH moieties, and consequently no drop of pH
is observed®. PEA materials offer controlled biodegradation mechanisms resulting in minimal adverse body reactions and
controlled and full healing at the site of implantation®.

In conclusion, PEAs provide all the required characteristics to be used as drug eluting matrices for DES applications, and the use of

DSM’s PEAs assures that the mechanical integrity from manufacturing steps to the delivery of the stent is maintained. PEAs offer

differentiating features from conventional biodegradable technologies and have the potential to positively influence the clinical outcome

for the patient with the benefits of controlled zero order degradation and resulting lack of acidification to the surrounding

microenvironment. Our PEAs offer compatibility with a wide spectrum of drugs (internal data available for formulations with small

molecules (hydrophilic, hydrophobic, salts, anti-inflammatory, steroids, anticancer, anesthetics, prostaglandin analogs, and kinase

inhibitors) as well as biologics (peptides, and antibodies) and are capable of controlled, direct, and complete delivery of formulated

drugs to the blood vessel wall. Furthermore, PEA’s proven biocompatibility assures minimal interference with the healing process. Want

to learn more? Contact us at DrugDelivery.Biomedical@dsm.com.
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