The Journal of Clinical Investigation

VIEWPOINT

Building reproducible bridges to cross the “valley of death”
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Research is cumulative. New investiga-
tions build on, challenge, or qualify claims
based on prior evidence. When we have lim-
ited evidence, it is normal that some expla-
nations are wrong and need to be refined or
reconsidered. This self-corrective process
is a hallmark of research. A key part of a
healthy self-corrective process is that the
evidence used for generating and refining
explanations is credible and trustworthy. A
weak foundation of evidence allows expla-
nations to be generated that describe phe-
nomena that are not occurring as well as
inaccurate explanations of phenomena that
do occur. We have made much progress in
evaluating the credibility of the evidence
foundation in research, and these investiga-
tions suggest that there is substantial room
to improve the credibility and trustwor-
thiness of research (1). If we can improve
the foundation of evidence upon which
explanations are built and debated, then
we might dramatically accelerate the pace
of discovery of knowledge, treatments, and
solutions in service of humanity.

Replicability challenges in the
drug-development pipeline
When considering the drug-development
pipeline, the overall failure rate of drugs that
passed into phase 1 trials to final approval is
90% (2). This number does not include the
failure rate in the preclinical stage, which
is unknown. This lack of translation from
promising preclinical findings to success
in human trials is known as the “valley of
death” (3). What might be some of the rea-
sons for this failure rate? One reason is that
translation of models to humans is chal-
lenging and we are limited by our scientific
knowledge and methodological approaches.
Another reason is friction in the goals and
incentives of preclinical research compared
with the clinical phase and that we are push-
ing drugs into human trials when there is not
enough confidence in the support for them.

As an example of this friction, in 2014,
the ALS Therapy Development Institute
performed replications of more than 100
promising drug candidates in an estab-
lished mouse model of ALS (4). In all
cases, the replications fell well short of
the exciting published findings. These
potential therapies also had disappointing
results in human testing. This poor cor-
relation between preclinical findings and
clinical outcomes has also been observed
in other disease areas, such as glioblas-
toma (5). Poor replicability leads to wast-
ing time, money, and animals trying to
build on evidence that was not as reliable
or credible as it appeared in the original
research. Furthermore, false hope can
even lead to clinical trials that would not
have been pursued if the lack of replica-
bility had been known in advance. Similar
replicability challenges were observed in
the Reproducibility Project: Cancer Biolo-
gy, which performed replications of 50 key
preclinical cancer biology experiments (6).
On average, replication effect sizes were
85% smaller than original effect sizes. As
an example, an original finding reported a
potential therapeutic effect that decreased
the average tumor growth in a mouse mod-
el by 57% compared with control, whereas
the replication of that finding found it to
be 7%. Even more worrisome is that the
majority of papers lacked transparency of
the underlying data, analysis, materials,
and methods of the experiments (7). This
lack of transparency has large implications
for the confidence one has as these poten-
tial therapies move through the drug-
development pipeline. While there have
been improvements since these studies
to increase rigor and reproducibility stan-
dards, such as many journals increasing
reporting requirements regarding meth-
ods, there is still an implementation hur-
dle, with many preclinical studies lacking
sufficient detail (8).
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Driving factors for a lower than desired
level of replicability include shortcomings in
the design, conduct, and communication of
research, such as small sample sizes, lack of
blinding and randomization, reagent quality
control issues, and transparency of methods
and results (9). Whether these issues arise
fromlack of knowledge, inadequate funding,
perverse incentives, sloppiness, or biases, it
results in an ever-growing body of evidence
that makes it challenging to distinguish
between those findings that will replicate
and translate and those that will not. Thus,
a challenge when trying to cross the “valley
of death” is how to distinguish between what
preclinical research warrants the investment
to continue advancing to human testing and
what research should be stopped.

What are our options? We could accept
the high failure rate of the drug-develop-
ment pipeline as it operates now and con-
tinue to invest more in producing research
with known low rates of replicability and
translatability in hopes that we’ll increase the
number of viable treatments that successful-
ly reach the public. If we continue with this
path, it means spending more money and
time and asking more patients to take on the
risk of enrolling in trials where we know there
will be a higher than desired rate of failure.
Alternatively, we can change where failure
occursin the pipeline, aiming to detect failure
at the preclinical step and thus decreasing the
failure rate for drugs that reach human trials.
This shift means testing and implementing
innovative processes that can increase con-
fidence in which promising leads warrant
further investment. It means integrating
more clinical insights earlier into the preclin-
ical pipeline through directed collaborative
efforts that can better inform how to design,
measure, and model human disease. By clos-
ing this translational gap from both ends, we
create a bridge instead of tossing preclinical
findings over a chasm hoping they survive if
they make it to the other side.

What does a reproducible
bridge look like?

Enhancing the replicability of preclinical
research starts by improving the meth-
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ods of conducting research and sharing
findings. Such efforts include, but are not
limited to, increasing sample sizes; better
descriptions and sharing of data, code,
protocols, and materials; and incorpo-
rating bias-reducing mechanisms such
as blinding, randomization, and prereg-
istration (1). These changes are vital to
increasing the credibility of preclinical
research, yet wide-scale implementation is
incredibly challenging because it requires
coordination of many entities in a decen-
tralized system (e.g., funders, institutions,
researchers, publishers). Improvements to
help increase the methods and transparen-
cy of research can largely leverage existing
training and tools, though support to main-
tain, improve, and expand them is needed.
Support for these initiatives and enabling
their integration within existing structures
(e.g., graduate curriculum) would have
a substantial impact beyond just invest-
ing in the research itself. While there is
still a need for this type of investment,
there are examples of these changes tak-
ing place, such as through the NIH Gen-
eralist Repository Ecosystem Initiative
(10) and the Chan Zuckerberg Initiative’s
(CZT’s) Essential Open Source Software
For Science program (11). Furthermore,
improving methods and transparency is
not enough. No single finding provides
definitive evidence — inherently we need
multiple lines of evidence (12). Simultane-
ously, we need to continuously confront
how replicable, and thus reliable, each of
these lines of evidence is (13). How might
that look in practice?

One way is to stop treating preclinical
research as a single phase in the drug-de-
velopment pipeline. Instead, we need
to incorporate structured phases to help
assess whether to proceed forward or not,
similarly to how we have multiple phases
of clinical research. For example, requir-
ing successful replication of key findings
by independent laboratories before the
drug candidate proceeds would increase
confidence in the findings (14, 15). As an
example of how this can look in practice,
additional funding would be contingent on
replication success, such as with the NIH
Somatic Cell Genome Editing (SCGE)
Consortium (16). This requirement could
then be expanded to require successful
replication by multiple independent lab-
oratories (17). Finally, observing similar

results when testing findings in other
valid preclinical models would increase
confidence that the findings are general-
izable and uncover what limitations there
might be (18). The Stroke Pre-Clinical
Assessment Network (SPAN) is an exam-
ple of how this can look in practice, having
recently completed an investigation of six
candidate therapies that underwent repli-
cation in multiple laboratories using differ-
ent rodent models of ischemic stroke (19).
Overall, the aim of an approach like this
would be to strengthen translatability by
continuing to increase heterogeneity and
confidence in replicability throughout the
preclinical process. It would also create a
stronger mechanism for identifying which
findings to pursue and which not to pursue.
The bridge from preclinical to clini-
cal can also be built from the clinical side
of the drug-development pipeline. Clin-
ical insights need to inform preclinical
designs, and preclinical models and mea-
surements need to be similar to what is
observed in humans. Similarly, evaluation
processes for assessing the clinical prom-
ise of potential therapies using preclinical
evidence could benefit from consideration
of both preclinical and clinical insights.
This evaluation could include whether
preclinical models were successfully rep-
licated in more than one model and/or by
more than one laboratory and how similar
agents fared in clinical development (20).

Conclusions

While adding more requirements to the
drug-development pipeline might seem
counterintuitive to progress, such changes
are necessary to better discern what areas
are suitable for further advancement. If
more effort is invested into optimizing
the earlier stages of the drug development
pipeline rather than rushing prematurely
to human trials, the failure rate of drug
candidates at the clinical stages would
decrease. Some failing is necessary to
finding what’s right, but we need to create
a system that can robustly substantiate
novel claims and tolerates observing fail-
ure earlier in the pipeline.
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