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The number of new designs for medicinal products and med-
ical devices that are based on nano(bio)materials (NBMs)
is increasing rapidly and along such diverse lines that cur-
rent regulatory testing will effectively become a bottleneck
for innovation. The current regulation, initially designed for
small chemical entities, is valid but its practical application
to NBM s raises several analytical and experimental difficul-
ties already in the preclinical assessment, which leads to a
lack of confidence in the testing data. Regulators are aware
of this danger and have started to get into a more intense dia-
logue with the scientific community and with developers of
NBMs, to adapt the existing regulatory strategies. It is clear,
that there will not be a disruptive replacement of the existing
regulatory framework, but that there must be refinements to
improve safety, cost/time efficiency, and sustainability. To
support this refinement the partners of the REFINE con-
sortium joint forces to pioneer a regulatory science frame-
work (RSF) for the risk—benefit assessment of NBM-based
medicinal products and medical devices.

This special issue presents approaches and work neces-
sary to refine the RSF. The first basis for the refinement is
the White Paper [1], where REFINE experts analysed and
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summarised the challenges associated with regulating nano-
technology-enabled health products published in available
publications. The second basis was the analysis of the regu-
latory information needs for nanotechnology-based health
products extracted from published regulatory documents
[2]. These analyses revealed methods at early (pre-standard-
ization) stages of development which have the potential to
meet regulatory needs but also areas where currently no or
unsuitable methods exist for regulatory assessment. Based
on this analysis, it became clear that method development
is necessary for two areas: (1) the interaction of NBM with
cells, blood, and the immune system, and (2) the ADME and
biodistribution of NBM.

Contributions to the first area are described in the articles
Vandebriel et al. [3], Rijksinstitutt voor Volksgezondheid en
Milieu, Tutty et al. [4] Trinity College Dublin, Perugini et al.
[5] University of Brighton, Eder et al. [6] and Marzi et al. [7]
Westfilische Wilhelms-Universitidt Miinster. They analysed
the possible interference of three model materials represent-
ing different classes in various in vitro assays. An important
feature of the work described in these papers is the fact that the
experimental protocols were adapted to NMBs and developed
into standard operating procedures (SOP) by running them
through interlaboratory round robins to bring the assays for-
ward on their way to standardisation which is required to be
accepted by regulators.

A big drawback in the regulatory assessment of NBM is
the lack of information about the distribution of these mate-
rials in tissues and cells which would allow a better under-
standing of toxic effects and optimisation of physiologically-
based pharmacokinetic modelling. Several publications in the
special issue present complementary approaches to overcome
this deficit. In vivo studies delivered data in Aslund et al. [8]
SINTEEF, were used to develop, improve, and verify a PBPK
model of the biodistribution, which can be used to predict the
absorption, distribution, metabolism, and excretion (ADME)
of NBM in the future, described in Minnema et al. [9] Rijk-
sinstitutt voor Volksgezondheid en Milieu and Montanha
et al. [10] University of Liverpool. These approaches are
complemented by the establishment of spheroid and organoid
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3D cell culture systems to better study specific aspects of
biodistribution such as penetration or accumulation of NBM
in vitro down to visualisation at the subcellular level (Venne-
mann et al. [11] IBE R&D Institute for Lung Health gGmbH
and 2 papers by Tutty et al. [12, 13]). The complementarity
of these approaches enables researchers and NBM developers
to better predict and thereby design NBM-based nanomedi-
cines and medical devices due to a better understanding of
the ADME of NBM.

A very practical tool to design NBM-enabled medical
products and to estimate their possible toxic potential is the
IT-based decision support system (DSS) developed under
the responsibility of Green Decision and presented in Zabeo
et al. [14]. The purpose of this system is to propose the most
time- and cost-effective test strategy to cover the full pre-
clinical characterisation of NMB-containing products. It
consists of two modules focussing on the regulatory phys-
icochemical characterisation assays for a given NBM and the
testing of toxicological properties crucial for the regulatory
examination of NBMs. The DSS will serve as a support-
ing tool for companies developing medicines and medical
devices containing NMBs to meet regulatory demands.

Future regulation of NBM-enabled products will in the
long-term be shaped by more harmonization across differ-
ent application domains and between geographic regions
to address harmonisation with other sectors. Similar chal-
lenges, knowledge gaps and regulatory questions across
sectors as well as potential common initiatives need to be
discussed with different communities as it is described
in Halamoda-Kenzaoui et al. [15]. Joint Research Center
European Commission. The need for such a cross-sectorial
alignment of risk assessments of substances while taking
into account the specificities of each sector (one substance-
one assessment, /S7/A) is highlighted by the new chemi-
cal strategy for sustainability. The approaches and results
of the REFINE project described in this issue could serve
as an example demonstrating how some objectives of the
initiative 1S1A could be achieved and, at the same, time
sector-specific differences addressed. Thereby, the REFINE
project can serve as a blueprint for structural and straight-
forward development of regulatory science frameworks in
different sectors as well as for successful interaction and
exchange of information and experience within multi-sec-
torial communities.

Finally, an inspirational note by De Jong et al. Rijksinsti-
tutt voor Volksgezondheid en Milieu [16], emphasizes the
importance of the work compiled in this special issue towards
regulatory-based, safe, and efficient NBMs in the market.
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