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ABSTRACT

Much of the priorities in drug delivery research are focused on targeted drug delivery for cancer therapies
and a wide range of controlled drug release systems for commonly used active pharmaceutical ingredients
(APIs). In this “thousand words article”" we highlight some of the emerging health threats and future oppor-
tunities for drug delivery research.

Important emerging health threats include viral pandemics beyond COVID, antibiotic-resistant pathogens,
the need for new antifungal therapies, and emerging diseases caused by increasing pollution and climate
change. Fundamentally new drugs may be needed. For example, one little known research effort focuses on
the development of new antibiotics based on metal-organic frameworks. Finally, new delivery approaches
will be needed. This is illustrated by the development of a topical peptide delivery system as a wound dress-
ing for burn patients, combining biotechnology (a new peptide) with polymer science (a new topical delivery
system) to address a medical need (burn injury) for which there is currently no effective treatment. Another
important trend is the shift in our collective understanding of impact, moving away from “counting papers”
to considering the societal benefit of the research including its potential for commercialization. To remain
relevant in the coming decade, we need to anticipate and embrace future challenges. This is particularly
important for younger scientists.

Important emerging research opportunities ber of life-threatening fungal infections, and the

are related to a number of new, global health
threats, including (but not limited to) viral pan-
demics beyond COVID, the development of anti-
biotic-resistant pathogens, the growing num-

health effects of climate change and pollution. To
address these challenges, we anticipate signifi-
cant changes in the way drug delivery research is
being conducted.
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This article is based on extended literature
searches, discussions with numerous bioma-
terials scientists from the USA and Europe, and
the preferential selection of topics relevant to the
members of the ORBIS project.

Nanotechnology has greatly contributed to
the development of mMRNA vaccines and rapid
detection kits for the diagnosis of COVID infec-
tions [1]. This line of research offers ample room
for further innovation and improvement. It is likely
that nanotechnology-inspired drug delivery sys-
tems will dominate most aspects of drug deliv-
ery research in the future [2]. This is an important
change from the focus on controlled release for-
mulations and drug-delivery implants that domi-
nated drug delivery research in the past.

The next pandemic could be caused by a vir-
ulent and highly transmissible bacterium. Sci-
entists have warned repeatedly of the potential
threat of antibiotic resistant pathogens [3, 4].
There is a need to think beyond our current small
molecule-based approaches. For example, silver
and iodine are exceptionally powerful antimicro-
bial agents that are difficult to deliver and have
therefore not reached their full clinical potential
[5, 6]. Another innovative material approach is
based on metal-organic frameworks. The work
of Jaros et al. [7] has recently demonstrated sig-
nificant promise and could open a new research
direction for the development of metal-organic
based antibiotics. One of the promising features
of this approach is that these agents show both
antibacterial and antiviral activity, in addition to
activity against bacteria with multiple drug resis-
tance [8].

Most people are unaware of the serious threat
associated with fungal pathogens. According to
the US Government Center for Disease Control,
the human mortality rate from invasive fungal
infections is over 50% [9]. While fungal infections
are increasing world-wide, there are only 4 class-
es of antifungal agents in clinical use: polyenes,
azoles, allylamines and echinocandins. Creat-
ing a new antifungal agent is much more com-
plicated and time consuming than developing
an antibiotic since fungal cells are more similar
to mammalian cells than bacterial cells. There-
fore, developing innovative delivery platforms
for antifungal agents that increase and broaden
their activity spectrum is as important as racing
to develop new antifungal agents [10]. Another
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useful strategy is preventing the spread of fungal
infections. There are powerful surface coating
strategies to prevent fungal attachment and bio-
film formation, but only a few laboratories focus
on this important global threat. The most inno-
vative approach is the development of intrinsi-
cally antifungal polymers as coatings [11]. While
1 billion people currently experience food insecu-
rity, fungi destroy 30% of the global food supply.
Thus, intrinsically anti-fungal polymers may also
find wide applications as crop-protecting agents
in agriculture.

We assume that we will see an accelerated
shift away from conventional, small-molecule
drugs and towards biological agents such as
peptides, proteins, RNA and DNA [12]. These bio-
logics will require new and different drug delivery
systems.

Some of the future trends in drug delivery
research are illustrated by the development of
a peptide-delivery system to treat burn injuries.
This research project features the use of engi-
neered peptides as drug candidates (an aspect of
biotechnology), the development of electrospun
fiber mats as the peptide delivery platform (an
aspect of innovative biomaterials) and addresses
an important medical need (burn injury progres-
sion) for which there is currently no satisfactory
treatment.

Burns are categorized by severity. 1°' and 2™
degree burns usually heal without complications
and without scarring. 3 degree burns require
skin grafts, lead to scarring and result in sig-
nificant patient morbidity and mortality. Some
2" degree burns progress to become 3™ degree
burns about 48 hours after the actual burn injury
[13]. “Burn injury progression” is a major compli-
cation, negatively affecting patient outcomes and
increasing treatment costs.

Work by Clark et al. identified several fibrin-
ogen-derived peptides, referred to as P12, cP12
and cNP8 [14, 15]. These engineered peptides
were shown to reduce burn injury progression
when administered by intravenous injection with-
in 24 hours after the burn injury occurred. cNP8
is the most advanced drug candidate since it is
resistant to degradation by elastase, an enzyme
present in wound sites.

From a clinical perspective, intravenous injec-
tion of these peptides is not a viable option.
Therefore, to advance this research activity into



clinical use, a suitable delivery system had to
be developed. The researchers focused on the
development of new, rapidly degradable, biocom-
patible polymers that could (i) be formulated as
a burn wound dressing, (ii) be loaded with hydro-
philic, cationic fibrinogen-derived peptides such
as P12, cP12 and cNP8, and (iii) release the pep-
tide in a controlled fashion over the course of a
few days [16].

In this project the utility of tyrosine-derived
polycarbonate [17] electrospun fiber mats was
explored. "Ultrafast” and “fast"-eroding polymer
compositions were identified that eroded com-
pletely in about 24 h and 7 days respectively [16].
Accordingly, the release of the test peptide (P12)
from “Ultrafast” fiber mats was controlled by
polymer erosion, while the release of P12 from the
“fast"-eroding fiber mats was controlled by diffu-
sion of the peptide. A porcine excisional wound
model was used to confirm the biocompatibility
of these fiber mats in vivo [16]. These results pro-
vided the basis for an attempt to develop a clini-
cally useful, new therapy for the treatment of burn
injury. These efforts are currently on-going under
funding from the US Department of Defense pro-
vided to a pharmaceutical company.

Drug delivery research has new challenges
and new opportunities. There seems to be a shift
away from the traditional macroscopic implants
to nanotechnology, a shift away from tradi-
tional small molecule drugs to biologics, a shift
away from predominantly serving the needs of
chronic diseases in affluent countries to look-
ing at emerging global health issues. As a con-
sequence, drug delivery research will continue to
be a central discipline in shaping clinical practice
in the future.
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