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ABSTRACT How do we inspire new ideas that could lead to
potential treatments for rare or neglected diseases, and allow for
serendipity that could help to catalyze them? How many po-
tentially good ideas are lost because they are never tested? What
if those ideas could have lead to new therapeutic approaches
and major healthcare advances? If a clinician or anyone for that
matter, has a new idea they want to test to develop a molecule
or therapeutic that they could translate to the clinic, how would
they do it without a laboratory or funding? These are not idle
theoretical questions but addressing them could have potential-
ly huge economic implications for nations. If we fail to capture
the diversity of ideas and test them we may also lose out on the
next blockbuster treatments. Many of those involved in the
process of ideation may be discouraged and simply not know
where to go. We try to address these questions and describe
how there are options to raising funding, how even small scale
investments can foster preclinical or clinical translation, and
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how there are several approaches to outsourcing the experi-
ments, whether to collaborators or commercial enterprises.
While these are not new or far from complete solutions, they
are first steps that can be taken by virtually anyone while we
work on other solutions to build a more concrete structure for
the “idea—hypothesis testing—proof of concept—transla-
tion—breakthrough pathway”.

KEY WORDS drugdiscovery - ideas - proof of concept -
serendipity

THE CHALLENGE OF IDEAS

As you read this perhaps you have already thought about
some if not all of the following scenarios, or maybe one day
you will. How do we enable ground breaking therapeutic
approaches to happen? Let us imagine three interconnected
scenarios.

Firstly how do we enable or enhance serendipity in the
hope that we can foster innovation? It could be argued that
some important advances in the biological sciences have come
from serendipity, the accidental observation informing a key
insight that was then taken further and explored. For example
the overused case of Viagra’s use for erectile dysfunction or
the many other examples of drugs whose discovery was acci-
dental (1). In today’s research environment it seems that we
have almost totally removed serendipity from modern drug
discovery. We also do not allow ideas to come from outside of
those in academia or industry. Accidental discoveries tend not
to happen or at least scientists and clinicians are less aware of
them or do not want them. Instead research is regimented and
industrialized, distilled down to a pipeline with predefined
stages (2). Unfortunately, this approach, while logically moti-
vated, has been demonstrably unsuccessful (3). How can we
alter the drug discovery landscape in the 21% century and
perhaps ‘disrupt it as suggested by others (4,5). What future
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approaches might we take to tap back into the serendipitous
insights of researchers and clinicians or even those outside the
walls of academia and industry (citizen scientists)?

Secondly, you might have a brilliant idea to do drug dis-
covery, you think you can find some new molecule that has
therapeutic effect on a horrific disease or you might have
noticed a common trait within a rare disease that you think
can be addressed by a drug currently approved by the Food
and Drug Administration (FDA) or other regulatory body. As
a clinician, with no laboratory space of your own, no funding
to do research of this type, or drug discovery experience how
do you move this idea from a mere thought or idea to test and
put it into clinical practice?

Third, what happens when as a clinician you have an idea
and yet you do not have a laboratory or expertise to test your
idea? You also may not have that all important source of
funding to pay for someone else to test your idea either.
What do you do?

Whether in a large academic institute or in a small hospital,
these posited scenarios probably happen thousands of times
every day to clinicians and our lack of taking them further
could be hampering our ability to bring new medicines to
patients. But it does not have to stop with clinicians or other
researchers. Increasingly, we are seeing rare disease founda-
tions fund research through academics or pursue research
themselves (6-8). Similarly, individual rare disease families
may also be in a similar situation to those described earlier,
when they have an idea for a potential treatment but they
have no means themselves to test it, they therefore have to
find and collaborate with academics as well as raise funding
(9). Families dealing with a child or family member with a rare
disease may not have an idea to pursue but they may instead
have the ability to raise funds which could be made available
to anyone else (scientists or clinicians) with a good idea that
would help them. How do these distinct individuals and
groups come together in a way that is organized and
synergistic?

For example, an academic clinician generally may not have
access to their own lab. In order to test their ideas they need to
find a colleague with a lab or pay someone to do their pro-
posed work. This assumes their hospital is affiliated with a
university or institute. If not they have to go further afield.
Certainly if the individual with the idea is not a clinician or
a scientist then the odds are further stacked against them even
in the era of citizen scientists (10), biohacking (11) and
crowdsourcing elc.

If a scientist in academia has an idea they can go to their
laboratory and possibly do the experiment or work with a
collaborator. If the idea is more fundamental in scope and
perhaps something larger they could write a grant and submit
to the National Institutes of Health (NIH), Department of
Defense, National Science Foundation or other funding body
for peer review. They might not get the funding but there is at
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least a pretty well defined process in place. This also ultimately
limits anyone to test an idea that fits in a predefined funding
bodies grant budget or within their desired project areas
which they will fund. Bigger ideas likely do not fit and neither
do those that swim in the opposite direction to the prevailing
paradigm for a disease or means of treatment. Over decades,
volumes have been written on fostering and funding scientific
creativity and innovation in general and this will not add to
them, but instead we briefly deal with the practical component
of going from ideation to validation of the idea. What we now
call the “proof of concept’. For the purposes of this article this
is a broad term but it could cover i vitro, in vivo or even clinical
research. It could be defined as providing some degree of
validation or confidence that the idea has merit, or that the
hypothesis is proven.

SOLUTIONS TO FUNDING AND TESTING
IDEAS

Nowadays, there are other options to funding and testing
ideas than what would have been possible even 5 years ago.
Perhaps the individual with the hypothesis to test could out-
source the proposed experiment to specialized clinical re-
search organizations (CROs) via companies like Scientist (pre-
viously called Assay Depot) (12) or Science Exchange (13) or
even groups that will perform experiments as you design them
like Emerald Cloud Lab (14). There are likely many more
groups like this that will emerge as early drug discovery con-
tinues to fragment and shift from pharmaceutical companies
to academia and beyond (15).

Some universities and biomedical research institutes offer
seed funding for their scientists to pursue projects but these
may themselves have unrealistic expectations that basically
exclude early stage preclinical exploratory research. Recent
alternatives for funding early stage research could include
funding biomedical research through online efforts to obtain
small donations from large numbers of donors or
‘crowdfunding’ which has become popular as government
funding for science has stagnated or decreased (16).
Crowdfunding provides small amounts of funding suitable
for generating preliminary data and several useful descriptions
of resources and experiences of various crowdfunding sites are
available (17-20) . The downside of this approach is that it can
be time consuming, requires the individual to actively market
their science and they must possess an extensive social network
in order to maximize their chance of obtaining funding.
Several examples of successful scientific crowdfunding efforts
have raised over $25,000 (21,22) and there are European
examples which have raised over 44,000 Euros (23). Even
undergraduate students in the US have been able to raise over
$5000 to fund their undergraduate project (24). Established
scientists at non-profit institutes have raised similar sums to
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pay for experiments (25). In all cases they have made use of
commercial crowdfunding sites or alternatively their own in-
ternal university crowdfunding infrastructure. Crowdfunding
provides a role similar to small charitable foundations (which
can generally be found though searching the internet) without
the time consuming need for a proposal and peer review.
However, pursuing these foundations may be a good invest-
ment of time as some very small family or disease foundations
are willing to provide anywhere from $10,000 to $30,000 to
researchers or clinicians to help get their ideas off the ground,
if they align with the wishes of the bequest or the foundation.
Some time needs to be spent sourcing the foundations, build-
ing connections with them and writing the application. In
adition there may be opportunities for continued funding if
the initial research is successful.

PROTECTING INTELLECTUAL PROPERTY

Imagine that you have successfully been able to fund your
research (through any of the above examples) and have man-
aged to found a group, collaborator or CRO to test your idea,
then what? Once you have done the proof of concept work
and it is successful you might want to file a provisional patent
which also costs money. In an institute there is nearly always
the need for internal champions for resecarch and support of
filing patents, or some other submission process to be followed
(whether documented or not) without which you are unlikely
to progress and obtain the support of the technology transfer
group. So this will be another hurdle to jump unless again you
can raise more funds and are able to pursue patenting outside
any institute which you are affiliated with. While filing a pro-
visional patent is relatively cheap and gives you coverage for a
year to do further experiments, filing a patent a year later is
costly and this presents a challenge for academia (26). From
our diverse experiences working with different collaborators in
academia, few scientists or clinicians realize when they have
anything that is potentially patentable, and the possibility for
carly or accidental disclosure is high (26). One could argue, by
focusing on continued publication of their findings without
filing a provisional patent, universities and institutes are losing

Fig. | Proposed idea to idea - hypothesis testing

breakthrough pathway.
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out on potential revenue. Of course the downside of pursuing
patents might be the ownership of IP and the potential for
conflict this could create. It should be noted that ownership
of IP is an important prerequisite for some of the NIH grants
to be described next. We have not in our experiences found it
a disadvantage to pursue IP and then publish or share ideas.

COMMERCIALIZING OR TRANSLATING
THE IDEA

Once you have some preliminary work that builds on your
original idea then perhaps you now have enough which can
enable you to write a bigger grant that might fit the NIH grant
criteria. If you can start a company or find a collaborator with
a small company you could also write a Small Business
Technology Transfer (STTR) or Small Business Innovation
Research (SBIR) (27) grant to fund more experiments or put
the therapeutic in animal models before going to the clinic as
further proof of concept studies. At this point a clinical collab-
orator would be needed who could design and conduct studies
under the stringent regulatory and ethical conditions.

But the challenges do not end here as outsourcing pre-
clinical animal models in the USA is not cheap.
Outsourcing anything here in the USA either ends up in
Europe or China and that is a problem because NIH
grants will not generally fund this work performed abroad
without justification and permission. From our own expe-
rience the same mouse pharmacokinetic study performed
in the USA costs many times what it would in China. So
again if you do not have the facilities to do the work, e.g. a
laboratory of your own, how do you get the work done?
Perhaps this is one of the many reasons why the innova-
tors in biopharma will continue to struggle in the USA
unless they are surrounded with the drug discovery facil-
ities and expertise which they can leverage. This is a solv-
able problem by ensuring competitive clinical research
organizations dealing with animal models in the USA or
providing incentives to create or use such companies.
Universities or institutes that have set up drug discovery
centers may be better resourced and have access to the
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necessary facilities to perform small animal pharmacoki-
netics studies at reasonable cost (28).

So what else may be needed? As an individual or a small
company trying to translate some of the therapeutic ideas you
come up with alongside collaborators, it may seem a constant
uphill battle to just go beyond the idea. When you make signif-
icant progress you then need the help of someone else beyond the
person doing the experimental testing, for example a patent law-
yer or technology transfer group, which adds further to the com-
plexity and costs in a university or institute. Few scientists know or
can take on all these skillsets which generally take decades to learn
and master. Scientists need support along the process to make
discoveries, to cure diseases, to invent and to patent.

Imagine if you are outside of this framework as a non-
scientist with a hypothesis to test, it would be virtually
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impossible. Increasingly this may be the reality though as
rare disease parent and foundations join forces with scientists
and clinicians to discover and advance treatments (9,29,30).
There will be challenges ahead as they move from step to
step in the Idea to breakthrough pathway (Fig. 1). There
needs to be some mechanism developed to help them.
Therefore to improve the situation for those coming up with
ideas in academia or outside of it we certainly need more
accessible walk-up or flexible lab space where scientists or
clinicians (or for that matter any member of the public) can
do experiments (assisted by professionals to ensure safety and
correct interpretation of the data) that could serve as a foun-
dation for moving their idea along to something bigger,
namely the next experiment. Beyond that there needs to be
new sources of funds for breakout ideas from non-traditional

Table I Pros and Cons of Enabling

Anyone to Translate Clinically Pros

Cons

Relevant Ideas to Therapies

Test ideas that might not have been suggested before.
|deas from a naive perspective challenge consensus.

|deas proposed may be cheap to test.

|deas may provide collaborators with new research
areas.

Foundations with limited funds could test new ideas
with small investment.

Use of open labs and other flexible space and funding
could lead to development of new companies.

New ideas could have dramatic impact on treating dis-
ease or healthcare.

Ideas may be poorly thought out.

May be difficult to overcome established paradigm or con-
vince experts.

Diverts funding from other areas.

May distract collaborators from other research.

Identifying the best ideas to fund may be difficult especially if
novel.

Potential for misuse of labs and funding. Would need
mentoring or support to be successful.

The idea is just the start of a lengthy process that needs to
comply with regulations and ethical requirements.
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sources, be they clinicians, rare disease parents or patients or
others that are inspired by an idea. There also needs to be
accessible, low cost help for patenting and generally translat-
ing ideas to the clinic that can be eventually commercialized
by companies.

TESTING IDEAS CHEAPLY

We should not be holding back the ideas from clinicians, re-
searchers, non-scientists or anyone with unique insights into a
disease or ground breaking approaches to treating a disease.
We should be testing as many of these ideas as feasibly possible
by doing the experiment/s and making sure if they work they
reach the patient quickly for clinical trials after testing for
efficacy and safety etc. Perhaps we also need mechanisms for
capturing and testing ideas for therapeutics quickly that would
need to be secure and private (or open if desired, though this
might interfere with potential intellectual property) but could
be developed in the same way that we store much of our data
on the cloud from our chemistry or biology experiments (31).
If there are too many ideas then we need to investigate com-
putational methods and algorithms that could be used to eval-
uate the ideas in a cost effective manner to triage them.
Perhaps we could also use machine learning or deep learning
approaches that could identify what are potentially viable or
good ideas in the same way that such software can recognize
images or be used to make decisions (32,33). For example,
increasingly over the past decade we have seen the develop-
ment of cell (34), organ (35) and disease models (36—42). If
these methods could be made more accessible as well, then
perhaps it would be possible for those with ideas to refine them
further before testing, or atleast provide the person coming up
with the ideas with a free computational hypothesis testing
pathway.

GETTING TO THE NEXT BREAKTHROUGH

It may be unrealistic to expect this short perspective to provide
a route to cure all the ills in biomedical research. However, it
does at least lay out a potential pathway for clinicians or others
with ideas but currently no outlet to test them (Fig. 2). We
have described some of the many challenges which we our-
selves have experienced first-hand and have also provided
some possible solutions. There may of course be other steps
we have neglected and we welcome suggestions. For some
with ideas that could one day become therapeutics it may be
simply they do not know how to get to the next stage in the
“idea—hypothesis testing—proof of concept—translation—
breakthrough” pathway (Fig. 1). While the early stages in idea
testing may be held up by lack of funding, the amounts needed
to test the hypothesis or to show proof of concept may be very

small (perhaps $10,000-$20,000), in fact much smaller than
many of the coveted NIH grants that are required by institutes
to ensure tenure. As a society we may need to shift our focus to
ensure that we promote and fund those that have good ideas
which can be brought to fruition, rather than solely those that
can obtain RO1 and other grants which ensure career longev-
ity currently. It is hoped that this will encourage those with
new ideas (whether obtained v serendipity or elsewhere) to
take the next step and pursue their ideas further (Table I). Our
source of future healthcare breakthroughs may very much
depend on them doing it.
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