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Nanomedicine is dedicated to the application of nanotechnolo-
gy in the medical field. Nanosized materials are intended for
delivering drugs to their target, hence improving drug efficacy
while minimizing unwanted side effects. At the same time,
some nanomaterials can provide new therapeutic modalities
themselves and could also be used for diagnosis and imaging.
Multiple drugs and therapies can be combined within the same
carrier particle to potentially create synergistic effects for the
treatment of complex pathologies [1-3].

Since the approval of the first liposomal drug for cancer
therapy, Doxil [4], multiple nanomedicines have reached the
market, including lipid nanoparticles for RNA delivery used
worldwide for the vaccines against SARS-CoV-2 infection
during the COVID-19 pandemic [5-7]. While the successes of
these technologies are clear, extensive research is still focused
on further improving nanomedicine efficacy toward the devel-
opment of the next generation of nanomedicines.

From a semantic point of view, one might argue that the first
drug carriers that reached the clinics, such as liposomes and
protein-based drug carriers (e.g., Doxil and Abraxane, respec-
tively) have been investigated for drug delivery long before the
term "nanomedicine" was coined, at the end of the last century,
and became popular. The same is true for colloids, which were
investigated also long before they were called "nanoparticles".
On the other hand, such argument leaves out the fact that lipid-
based drug carriers and colloids used today in nanomedicine are
quite distinct from the ones from the past. For instance, the lipid
nanoparticles used for vaccination are composed of a complex
mixture of different lipids, all of which have a particular func-
tion. Additionally, inorganic nanoparticles can be made with
controlled size and shape out of many different materials. Nano-
technology has also made standardized characterization and
quality controls available, which were decisive for the develop-
ment towards clinical use. Last but not least, the field of
nanosafety/nanotoxicology has set focus on the importance of
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counterbalancing the benefits and risks of the use of nanomate-
rials for potential clinical applications. Hence, while the first
clinically approved nanomedicines such as Doxil or Abraxane
used "natural nanoparticles" (i.e. lipid vesicles and proteins) for
changing the biodistribution of pharmaceutical drugs, there is
hope that fully synthetic engineered nanoparticles may be used
in the future. There is, thus, a large potential for future develop-
ment.

Bioavailability is an important factor for pharmaceutical
agents. Here nanoparticles have the great advantage that their
physicochemical properties can be largely tailored. A hydro-
phobic drug can be made more water soluble by linking it
to a hydrophilic nanoparticle. However, as with conventional
drugs, one factor which is still limiting nanomedicine efficacy is
their targeting capacity, especially in applications requiring
extra-hepatic delivery. In fact, upon administration, most
nanomaterials are sequestered by the liver, and only a small
fraction of the injected nanoparticles reaches other organs [1,8].
For instance, in the context of tumor targeting, only less than
1% of injected nanoparticles reach the tumor [8]. While this and
other similar works in the literature have sparked a debate on
the success of the field [9-12], the COVID-19 pandemic and
approval of the first RNA vaccines have clearly showcased
the potential of nanomedicine [7,13,14]. Still, it is clear that
more research is needed to further improve nanomedicine effi-
cacy.

In the context of targeting, multiple strategies have been
developed and are used to promote the delivery of nano-
medicines to their targeted site. The so-called enhanced
permeation and retention (EPR) effect has long been
exploited for passive targeting of drug carriers to tumors via
leaky tumor blood vessels (Doxil is indeed an example of
passively targeted nanomedicine, among several others [15-
17]). The success of this strategy has also been debated, since
not every tumor can be reached by passive targeting, and
the presence of leaky blood vessels can strongly vary within
individual patients and in different areas within the same
tumor. This has suggested that patient stratification may
be required to select those who may truly benefit of passive
targeting [15,18,19]. Also, results from animal models often
cannot be translated to humans, sometimes simply due to too
high tumor weight/body weight ratios: while the EPR effect
may help to target a tumor of 1 cm in a "small" mouse, it may
fail to target tumors below 1 mm of size in a "big" human. At
the same time, recent findings suggested that nanoparticles
may be able to reach tumor tissue also via active mechanisms
of uptake and transport across tumor endothelial cells,
potentially opening up new ways to reach tumors with drugs
[20-22].

Next to passive targeting, active targeting strategies are also
being investigated, where drugs and drug carriers are modified
via the addition of ligands specifically recognizing receptors
overexpressed at the targeted cells. While few antibody–drug
conjugates have been approved for clinical use [23], active
targeting still remains highly challenging, and active targeted
drug carriers have not yet achieved clinical approval [15,24,25].
While research is still ongoing to understand factors limiting
active targeting and how to design active targeted drug carriers,
next to passive and active targeting, other novel targeting strate-
gies are emerging and are being investigated to be able to over-
come their current limits.

One strategy to achieve targeting which is attracting extensive
attention is that of using materials responsive to endogenous or
exogenous stimuli [26]. By designing materials that respond to
stimuli, treatments can be targeted to the area of interest, even if
the material itself may also reach other areas. Endogenous stim-
uli are characteristics of the targeted site that distinguish it from
the healthy tissue, such as the lower pH or lower oxygen
content of certain tumor areas [15]. External stimuli include
light or other forms of radiation, magnetic fields, and ultra-
sounds. These can be applied externally only at the targeted
area, hence providing both spatial and temporal control of the
therapy [26].

In parallel to this, more recently, endogenous targeting is
emerging as another potential strategy to affect nanoparticle dis-
tribution and reach the target organ [24,27]. Endogenous
targeting refers to the capacity of targeting acquired by
nanomedicines after administration, upon adsorption on their
surface of specific endogenous biomolecules. In fact, while
nanomedicines are usually modified to prevent protein binding
in order to avoid immune cell recognition and clearance, hence
prolonging nanomedicine circulation time, in some cases the
adsorbed endogenous proteins may provide this endogenous
targeting capacity [28,29]. First evidence of this type of
targeting has been reported for Onpattro, the first lipid nanopar-
ticle approved in the clinics for RNA delivery (in this case short
interfering RNA). It was reported that this nanomedicine
reaches the hepatocytes because of the adsorption of apolipo-
protein E on its surface once administered, driving accumula-
tion in the liver and promoting interaction with the low density
lipopoprotein receptor (LDLR) on the hepatocytes [29]. Other
examples of nanomedicines exploiting endogenous targeting are
the so-called selective organ-targeting (SORT) lipid nanoparti-
cles, which adsorb different corona proteins on their surface
depending on their charge, enabling targeting to either the liver,
the lung, or the spleen [30]. While stimuli-responsive nanomed-
icines and endogenous targeting are investigated as potential
new strategies to achieve targeting, other research topics focus
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on alternative administration routes for specific applications,
such as pulmonary delivery for lung diseases and nose-to-brain
delivery as a means of reaching the brain [31,32]. Overall,
while we are also gaining a better understanding of how nano-
materials are processed at organism and cell levels, research is
exploring several new directions for advancing the develop-
ment of novel nanomedicines with improved efficacy.

Within this context, this thematic issue collects different contri-
butions on some of the latest developments in nanomedicine
and emerging targeting strategies for the development of next
generation nanomedicines. The thematic issue also aimed to
include contributions emerging from the Beilstein Nanomedi-
cine Symposium [33] which took place in September 3–5, 2024
in Rüdesheim, Germany and focused on similar topics, such as:
advances of nanomedicines and their potential in precise
targeting therapies, personalized medicine and reliable pre-clini-
cal assessments, synthesis and functionalization of nanobioma-
terials, nanotechnology applied to therapy and medical diagnos-
tics, and pharmaceutical nanotechnology.

The collected articles and contributions provide a broad
overview on recent advances in the field within the aforemen-
tioned topics. Additionally, it includes several reviews on the
current development of specific classes of nanomaterials,
nanomedicines applied to specific diseases, and fundamental
understanding of how nanomedicines are processed by cells and
in the body.

As a conclusion one can say that nanomedicine is in its infancy
steps, where first formulations are in clinical use. There are still
big hurdles, such as targeting and crossing of biological barriers
(e.g., endosomal escape) which need to be better tackled in the
future. For this, apart from applied research, a lot of funda-
mental basic research problems need to be addressed [34,35].
Should this be possible, the nanomedicines would reach the
next step of maturity.
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