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1. Novelty first, applicability second?
The Journal of Controlled Release (JCR) regularly publishes editorials
and opinion pieces to trigger discussions on the current status of the
nanomedicine and drug delivery fields. These contributions are generally written by established, leading scientists. Most recently, Prof.
Jean-Christophe Leroux (ETH Zürich) wrote an apt Perspective entitled
‘The Novelty Bubble’. In that article he describes how the ‘novelty’ criterion of high-impact journals is driving the publication of nanomedicine studies that detail increasingly complex nanomaterials with limited clinical applicability [1].
As early-stage career scientists, we are actively striving to publish in
top-tier journals to increase our chances for research funding and to
advance our careers. In addition to our individual goals, publishing
entails the opportunity and responsibility to shape the future of nanomedicine research.
Leroux rightfully indicates that an ongoing trend in our field is to
predominantly associate novelty with developing innovative nanomaterials, while little emphasis is put on understanding these materials'
interactions within the body or their potential for clinical translation.
Apart from a small number of successful approved nanotherapeutics,
the field's predominant foci are developing new formulations and executing numerous preclinical proof-of-principle studies, with an emphasis on future potential.
Although developing and characterizing new materials is undoubtedly vital for improving drug delivery and has been instrumental
in establishing the nanomedicine field, these studies do not propel
translation. It is becoming increasingly evident that even the most
fundamental interactions of (approved) nanomedicines within the body
are far more complex than previously anticipated. Limited insight into
these nano-bio interactions – combined with overgeneralized, longstanding dogmas such as the enhanced permeability and retention
(EPR) effect – is a major contributor to nanomedicines' poor clinical
translation [2,3]. We have an obligation to look beyond proof-of-principles and improve the development of nanomedicines. Our field's

purpose is to positively improve patients' lives, not merely to achieve
proof of therapeutic potential in mice. Therefore, we advocate a shift
wherein novelty does not only include engineering new nanomaterials,
but also comprises studying their in vivo behavior in great detail. In
other words, we have to progress beyond the black box paradigm and
put more focus on the in vivo properties that foster clinical translation.
2. Re-thinking novelty: shifting the focus from materials to
medicine
As pointed out by Leroux, novelty is often linked to complexity. A
trend in the last decade has been to encapsulate multiple drugs in
(responsive) multifunctional nanoparticles that are additionally
equipped with targeting ligands and imaging agents. There is a notable
disparity between the complex drug delivery systems described in highimpact papers and the relative simplicity of clinically approved nanomedicines. For example, Vyxeos™, recently approved to treat acute
myeloid leukemia, is the first cancer nanomedicine that demonstrated
improved overall survival, as compared to standard of care, in a phase
III study. The formulation and its production are relatively simple (from
a formulation scientist point of view): liposomes with remotely loaded
cytarabine and daunorubicin [4]. More complex formulations, such as
ligand-equipped or theranostic nanomedicines, certainly have scientific
value, but their introduction in clinical settings has been limited [5].
This is not only related to the formulations' complexity; their clinical
translation is also hindered by other obstacles, such as unfavorable costeffectiveness, challenges in scale-up and GMP manufacturing, and
regulatory requirements [6]. This at least partly explains the advocacy
for simplicity in developing clinically relevant nanomedicines [7].
In the field of nanomedicine, novelty can certainly lie in developing
new nanomaterials, but novelty can also come from fundamental discoveries that increase our understanding of (existing) drug delivery
systems, their in vivo behavior, and strategies that facilitate clinical
translation. For example, Onpattro™ (patisiran), a lipid nanoparticle
formulation containing siRNA, is the first approved RNAi therapeutic
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following a decade of systematic research [8]. Interestingly, a fundamental study only recently showed that the particle formation mechanism is different than previously hypothesized [9], which illustrates
that expanding our basic knowledge will improve clinically-relevant
formulations.
Encouragingly, a number of recent high-impact studies from established labs focus on the type of novelty that will allow the field to
advance nanomedicine translation. While focusing on nano-bio interactions, Palomba et al. demonstrated that phagocytotic cells' recognition and uptake of nanoconstructs can be modulated by altering particle
‘softness’ in addition to previously reported parameters such as size,
shape, and surface properties [10]. With phagocytes' importance in
nanotherapy becoming increasingly clear, this insight may prove valuable in developing nanomedicine applications. Zhao and colleagues
used a prodrug modification approach to optimize drug-carrier compatibility and improve nanotherapeutic efficacy. This is a departure
from the conventional paradigm in which formulations are adapted to
drugs. The study demonstrated the feasibility of exploiting a single
platform – or a limited set of well-characterized nanoparticle platforms
– to deliver a wide variety of drugs [11]. Complementing this approach,
in vivo screening nanoparticle mini-libraries is a potent approach to
improving nanotherapeutic function [12]. In an elegant example of a
translational combination treatment strategy, Miller et al. demonstrated
that priming the tumor microenvironment with radiation therapy and
cyclophosphamide improves the tumor accumulation and therapeutic
effects of established nanomedicines, mediated by tumor-associated
macrophages [13].
The zebrafish has been proposed as a cost- and time-effective in vivo
screening tool to assess nanoparticle pharmacokinetics early in the
development cascade. This approach provides the opportunity to preselect promising lead formulations under complex physiological conditions and to investigate the molecular basis of nano-bio interactions
[14,15]. New tools such as microfluidics and 3D bioprinting might offer
additional ways to model in vivo situations better than standard in vitro
experiments [16]. Finally, computational analysis of large datasets may
facilitate the development of better models, for example to rationally
design nanomedicines and/or accurately predict their ‘in vivo behavior’
[17,18].
Do these highlighted studies and technological innovations imply
that our field should no longer strive to develop novel materials for
drug delivery? Obviously not, but novel materials should serve a welldefined purpose rather than themselves being the focus. Great examples
of how material science has advanced clinically relevant nanomedicines
include using polyethylene glycol to modify nanocarrier surfaces in
order to increase circulation times or developing ionizable cationic lipids for nucleic acid therapeutics [19,20]. Nevertheless, in order to
drive nanomedicines' clinical translation, we should adopt a more critical and realistic view of what constitutes a novel nanomaterial in a
proof-of-principle study versus what constitutes an actual nanomedicine
that has the potential to benefit patients. In addition, adequate patient
stratification is required to improve the outcomes of clinical trials and
ultimately increase nanomedicines' clinical success [21–23].

but rather the study's experimental design or its thorough investigation
of nanoparticle in vivo behavior using state-of-the-art experimental
methods. This shift in focus will be an important step toward improved
understanding and clinical translation.
Standardizing nanomaterial characterization and reproducibility of
experimental results are also issues in the field which need to be addressed [24–27]. The gradual movement toward full open access, preprint servers like bioRxiv (biorxiv.org), and ongoing technological innovations increasingly provide opportunities to exchange experimental
results [28]. For example, several journals have introduced the option
to publish data (e.g. detailed experimental settings for physicochemical
nanoparticle characterization or outcomes of pharmacokinetic and
biodistribution studies) as interactive notebook interfaces using Mathematica (wolfram.com/mathematica) or Jupyter (jupyter.org). This
facilitates data visualization and allows for straightforward data interpretation and comparison, thereby improving reproducibility [29].
It is important to mention that in addition to scientists and publishers, policymakers and funding agencies can also contribute to improving nanomedicine research. For example, some of the field's grants
may become more restrictive and dedicated to specific questions or
challenges in existing (clinically approved) nanomedicine applications.
Assessing individual scientists' grant applicants may be improved by
considering the impact of “their entire body of work”, not only the
journal in which they are published [30]. This can easily be done using
article metrics (e.g. citations, reads, downloads, social media mentions)
analyzed by platforms like PlumX (plumanalytics.com) or Altmetric
(altmetric.com). Additionally, implementing online interviews with an
expert panel to select pre-proposals is one option to improve traditional
grant assessments. By allowing applicants and reviewers to discuss the
research proposal and its clinical relevance, such interviews would
make the grant process more transparent, fair, and efficient.
Finally, a recent analysis showed that young scientists in biomedical
research are more likely than more established researchers to be innovative and to adopt new approaches [31,32]. Hence, young researchers may significantly contribute to realizing the shift in our field
we advocate. Funding agencies could include young investigators in
review panels, which may facilitate faster implementation of new ideas
and approaches. In line with this, as well as with the dwindling funding
for successful young researches, the U.S. National Academies of Sciences, Engineering, and Medicine recently recommended significantly
increasing the NIH budget for supporting early-career scientists in
biomedical research [33].
4. Outlook
Over the last decades, many proof-of-principle studies on increasingly advanced nanoformulations have inspired young investigators
like us to start research careers in nanomedicine. Although these studies
have been important in establishing the field, to achieve significant
clinical impact, we urgently need to improve our fundamental understanding of nanomedicines' in vivo behavior. There are many exciting
opportunities for drug delivery systems and nanomedicines, such as
(multimodal) combination treatments, immunotherapy, and gene silencing, expression, or editing. As several leading research groups have
already adapted their focus from formulation development to integrative approaches that improve our knowledge of nanomedicines
and potentiate their effects, we believe our field has a bright future
ahead. As young investigators, we should strive to burst the ‘The Novelty
Bubble’ in order to ensure that nanomedicines truly impact patients
rather than just generating more publications.

3. How to implement improvements?
Impact factors, number of citations, and h-factors: these measurements of success and prestige drive both early and established scientists
to aim for top-tier journals and execute their studies according to the
novelty and innovation requirements set by these journals' editors. In
the field of nanomedicine, this dynamic has incentivised the strong
focus on novel materials, rather than comprehensive studies of nanomedicines' real applicability. As illustrated by the studies noted above,
several nanomedicine labs have recognized the need for in-depth studies and initiated research programs accordingly. We believe high-impact journals need to follow this trend, and their editors should be more
accepting of studies in which the novelty is not primarily the material
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