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On the basis of our experience in drug and device development, we have identified six
broad categories of issues that profoundly affect the probability for successful transla-
tion of basic scientific discoveries into effective therapies. Within each category, we
propose a series of questions that form the beginnings of a self-guided global risk
assessment tool. Although this preliminary tool will require validation and adjustment,
we offer it to stimulate a discussion about more rigorous methods for selecting and

conducting translational projects.

INTRODUCTION

The application of science to the develop-
ment of new medical technologies holds
promise for eradicating diseases and person-
alizing health care. Effective translation from
bench to bedside, however, requires that our
major engines of biomedical research—the
academic medical centers funded by the U.S.
National Institutes of Health (NIH)—work
effectively with industry (1).

Translational research has recently become
a focus of concern among policy-makers be-
cause of growing awareness of a widening gap
between advances in basic science and the
practical application of that knowledge (2).
One manifestation of this gap is the lack of
growth of new drug approvals despite a more
than 10-fold increase in inflation-adjusted
spending by the pharmaceutical and bio-
technology industries over the past 40 years
(3-5). These concerns have rightfully prompt-
ed examination of factors contributing to this
disappointing performance. Special attention
has been paid to the difficulty of crossing the
proverbial “valley of death” (6) (Fig. 1): the
gulf between finding a promising new agent
and demonstrating its safety and efficacy in
humans. Venturing into these badlands can
be challenging for academic investigators
who lack experience in drug development
and regulatory processes.

Biological science has moved “down-
stream” as the ongoing molecular biology and
genomic revolutions provide abundant in-
sights into potential disease targets that lend
themselves to clinical translation. Thus, basic
scientists increasingly seek to move their ef-
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forts from the discovery phase to the devel-
opment phase (7). Yet their institutions typi-
cally lack systems to support such research
and often face difficult decisions regarding
which translational projects to support (8).

A major goal of NIH’s Clinical and Trans-
lational Science Award program (9, 10) is to
develop translational research systems and
provide trainees with mentored experiences
and didactic programs. As part of this effort,
establishing methods for judging the likeli-
hood of translational success before making
substantial commitments to a developmen-
tal project would be valuable. Unfortunately,
scientists lack validated methods for making
this judgment, a shortcoming attested to by
the high attrition rates for lead compounds
and even for drugs that have progressed be-
yond early-phase human studies (4).

Drawing generalizable conclusions is
further hampered by the complex interplay
among inventors, academic institutions,
venture capitalists, and small and large com-
panies. On the basis of our personal experi-
ence in drug and device development, which
includes bench discovery, design and execu-
tion of early-phase and pivotal-phase III
trials, regulatory approval, reimbursement,
and the use of comparative effectiveness and
systems quality in implementation (I, 11),
we have identified six broad categories of is-
sues that profoundly affect the probability of
translational success across this spectrum of
interests. Within each category, we propose
a series of questions that form the begin-
nings of a self-guided global risk assessment
tool (Table 1). This tool will, of course, re-
quire future validation and adjustment with
empirical data (7).

When judged by the primary goal of trans-
lational research—namely the development

Fig. 1. The “valley of death.” Many research
projects perish as researchers try to cross the
rough terrain between basic discovery and use-
ful therapy.

of useful technologies to improve human
health—the vast majority of translational
projects fail (12, 13). However, many projects
that fail to produce medically useful results
succeed in generating new knowledge that
may prove important. Further, the history of
medical technology is replete with success-
ful innovations that were initially considered
insignificant, and the record of our best sci-
entific journals in accurately judging future
benefits to human health is weak at best (12,
13). Many transformative technologies have
been dropped by research teams and compa-
nies, only to be picked up later with eventual
success (14). However, the resources needed
are substantial, the costs high, and the failure
rates daunting. Given these potential obsta-
cles, we offer the following in hope of stimu-
lating a more rigorous discipline of project
selection and conduct, and we welcome dia-
logue about better ideas for choosing invest-
ments in translational projects.

CATEGORY 1: IS IT WORTH THE
EFFORT?

Does the new technology’s intended
use address a compelling health need?
A firm sense of the limitations of current
medical practice, supported with rigorous
epidemiological and clinical practice data,
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Table 1. Questions for self-guided assessment of issues affecting the success of translational research projects.

Category
1. Is it worth the effort?

2. Is there an adequate potential commercial
market?

3. What can be inferred from human and animal
data about likely safety and efficacy?

4. Can the agent be delivered to its target at an
adequate concentration?

5. s there an industry partner that can develop
the technology effectively and efficiently?

6. Can a pivotal study be designed and
completed?

Evaluation questions

Does the new technology’s intended use address a compelling health need?

Is the scientific rationale strong, and does it suggest a possible medical benefit when compared with

existing therapies?

Does the size and type of market indicate a high likelihood of economic viability?

Is the intellectual property protection solid?

Is the technology likely to be cost-effective?

Is there a human genetic disorder that affects the therapeutic target?

If so, does the phenotype support the efficacy and/or safety of the agent?

Are the animal models used to assess efficacy and safety convincingly representative of the

human disease?

Are the pharmacokinetics and pharmacodynamics acceptable for the intended use, based on direct
assessment of the effects on the target molecule or meaningful functional assays?

Is there an industry partner willing to make the development program a high priority?

Will the industry partner ensure that the preclinical and clinical development groups exchange ideas

throughout the development process?

Is there an industry partner that will refrain from excessive secrecy?

Can the technology be manufactured easily and at a reasonable price?

Can a study be designed with a medically meaningful endpoint?

Can the study be designed to reflect clinical equipoise and be attractive to both participants

and their clinicians?

Can a study be designed with sufficient statistical power to detect the endpoint?

is needed to answer this question. If the an-
swer is “no” (or is even equivocal), it is un-
likely that other partners will be willing to
provide the necessary resources.

Is the scientific rationale strong, and
does it suggest a medical benefit when
compared with existing therapies? A
strong underlying scientific rationale is nec-
essary but not sufficient for translational
success. Criteria for consideration include
whether data from multiple disciplines all
lead to the same target, as well as whether
the assays used to interrogate the target and
develop the technology have incorporated
biologically and medically plausible condi-
tions. If multiple laboratories have reached
similar conclusions, confidence grows. An-
other critical step is to evaluate the potential
for off-target effects based on known mech-
anisms. Although this cannot be definitively
assessed at a project’s inception, it should be
considered at an early stage, because it may
indicate the need to redesign the agent to
achieve greater specificity.

The complexity of making a “rational”
choice regarding specificity is perhaps
best illustrated by the astounding success
of aspirin, which by conventional criteria
of specificity would be considered enor-

mously risky. Aspirin not only affects a
fundamental process common to multiple
homeostatic systems (arachidonic acid me-
tabolism), but does so by acetylating many
different proteins in order to acetylate one
crucial serine residue in the two isoforms
of cyclooxygenase (prostaglandin H-2
synthase), which are involved in mediat-
ing platelet aggregation, pain, fever, and
inflammation (15). Gauging the relevance
of therapeutic targets must therefore ac-
commodate a degree of serendipity, which
itself can be systematized (16), as well as
individual investigators’ insights.

CATEGORY 2: 1S THERE AN ADEQUATE
POTENTIAL MARKET?

Does the size and type of market indi-
cate a high likelihood of economic vi-
ability? A strong possibility of commercial
success will dramatically increase the chances
of obtaining funding for a project. In medi-
cal technology development as elsewhere,
market size and the customer’s ability to pay
are key determinants of the ability to raise
capital. Oncology is presently a favored area
of development because of increasing disease
prevalence and an extraordinary willingness
among insurers and patients to pay for new

therapies. However, the favorable market ex-
clusivity provisions of the Orphan Drug Act
of 1983 provide powerful economic incen-
tives to develop agents that address the health
needs of patients with relatively rare diseases.
The wise institution will help its investigators
understand how estimates are made by the
venture capital community, thereby sidestep-
ping mistakes in estimating market potential
(in both directions) and avoiding delay. Ap-
preciating the likely need for multiple rounds
of funding is particularly important.

Researchers seeking to develop treat-
ments for diseases that disproportionately
affect patients who are economically disad-
vantaged face particular difficulties in secur-
ing funding. However, substantial progress is
being made through the efforts of industry,
creative consortia of industry and academic
institutions in the developed world (17, 18),
philanthropic support (such as that from the
Gates and Clinton foundations) (19, 20), pro-
vision of the equivalent of orphan drug status
for promising treatments (21), and NIH pro-
grams (22, 23). Thus, even if a projected mar-
ket is not large or wealthy, it may still prove
commercially viable.

Although we seek to hasten the day when
the sole determinants of therapeutic develop-
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ment will be scientific opportunity and likeli-
hood of improving human health, until that
day arrives, commercial considerations will
continue to affect the success of translational
projects, and investigators and institutions
alike must understand how markets influ-
ence translational research decision-making.

Is the intellectual property protec-
tion solid? Adequate protection for intel-
lectual property is inextricably tied to the
potential for commercial success and thus
is a key consideration for the private sector
when deciding whether to invest in a proj-
ect. Some academic investigators strongly
disapprove of patenting inventions, view-
ing it as antithetical to the free exchange of
knowledge. In fact, the U.S. patent system,
conceived by the country’s founders and en-
shrined in the Constitution, was designed to
advance the public good by encouraging the
free flow of technological knowledge. This
encouragement takes the form of a period of
commercial exclusivity offered in exchange
for public disclosure of a complete descrip-
tion of the invention (24). The founders con-
sidered a trade secret that is never disclosed
the real enemy of technological advance, be-
cause it made it impossible to use the infor-
mation to make new discoveries and inven-
tions. Moreover, the period of commercial
exclusivity was seen as a necessary precon-
dition for raising the capital needed to con-
vert inventions into products, because there
would be no incentive to invest in expensive
development programs if a competitor could
wait for a product to show its commercial
success and then offer it at a lower price
(made possible by not having to recoup the
development costs). Although there are se-
rious questions about whether current U.S.
patent law optimizes public benefit (25, 26),
it is clear that failing to protect intellectual
property makes it more difficult or impos-
sible to translate important new discoveries
and inventions into products that improve
human health (27, 28).

Is the technology likely to be cost-
effective? Demonstrating the medical value
of an intervention independent of its cost will
not of itself ensure success, particularly in the
face of increasing efforts at medical cost con-
tainment. Investigators must therefore build
into their development plans the capacity to
assess the cost-effectiveness of their interven-
tion. Such analyses are expressed in terms
of the cost in dollars required to save a year
of life [life-year (LY)] or to produce an extra
year’s equivalent of higher-quality life [qual-
ity-adjusted life-year (QALY)]. Many inven-

tors do not realize that almost all effective
medical interventions increase lifetime costs;
typically, the issue is whether the incremental
health benefit is worth the incremental cost
(again, aspirin is the exception that proves
the rule: It saves billions of dollars each year
in direct health care costs and adds billions
more through increased worker productivity
beyond its cost).

For example, if it costs the same amount
of money to save the life of a child or an el-
derly person, the cost per LY will be less for
the child because the cost will be divided
by a larger number of years of expected
remaining life. The LY principle can be re-
fined by adjusting years of life based on one
or more measures of the quality of the life
saved, or even by evaluating interventions
that improve health but do not confer sur-
vival advantage according to LY equiva-
lents. The cost-effectiveness of renal dialysis
(~$50,000 to $75,000/LY) is often taken as
the standard for cost-effectiveness, because
dialysis is covered under Medicare regard-
less of a patient’s age (29).

Cost-effectiveness it is likely to become
an increasingly important factor in the
adoption of new interventions even though
the methods for quantifying it remain con-
tentious (30). In Europe, the criteria used to
decide on approval for payment are as rig-
orous as for regulatory approval; given the
focus on costs in recent U.S. health care re-
form efforts, the United States is poised to
move in a similar direction. Thus, those who
fund R&D are likely to increasingly scruti-
nize whether payors will pay for a new tech-
nology, in addition to whether it will achieve
regulatory approval.

CATEGORY 3: WHAT CAN BE INFERRED
FROM HUMAN AND ANIMAL DATA
ABOUT LIKELY SAFETY AND
EFFICACY?

Is there a human genetic disorder that
affects the therapeutic target? If so,
does the phenotype support the effica-
cy and/or safety of the agent? Detailed
and rigorous analysis of the phenotype of
patients with genetic disorders in which the
proposed target protein is either deficient
or defective can provide insights into the
likely effectiveness of a technology designed
to inhibit the target (31). Thus, one would
expect patients who lack the protein being
considered as a therapeutic target to be pro-
tected from the disease that the inhibitor is
being developed to treat. There always are
caveats to consider when interpreting such

genetic data, but failing to identify the ex-
pected impact of the defect on the disease
process should give one serious pause about
proceeding (32).

Human genetic disorders can also pro-
vide insights into the likely toxicity of an
agent that inhibits a novel target. Thus, in
the case of disorders in which the proposed
target protein is completely lacking, careful
analysis of the patients will provide infor-
mation on the effect of complete inhibition
of the target by the new agent (11). These
data are also limited by the possibility of
coincidental interacting genetic alterations
that are not easily discovered. In addition,
the nature of the illness, or coincidental
medications used to treat the illness, may
affect the agent’s ultimate toxicity in the tar-
get population unpredictably. Nonetheless,
if observations on patients with the genetic
disorder are reassuring with regard to toxic-
ity, this surely augurs well, and vice versa.

Are the animal models used to assess
efficacy and safety convincingly repre-
sentative of the human disease? The
integrity of the animal model as a plausible
simulacrum of the human disorder is a key
factor in assessing the likelihood of success.
Some human disorders are easily simulated
in animal models, but many are not. Trans-
genic animals have expanded our ability to
model human disorders but nonetheless
have many limitations, including differenc-
es between human and mouse physiology
and differences between mouse background
strains. When, despite one’s best efforts, the
animal model diverges substantially from
the human condition, considerable uncer-
tainty will remain regarding the likelihood
of the project’s success.

CATEGORY 4: CAN THE AGENT BE
DELIVERED TO ITS TARGET AT AN
ADEQUATE CONCENTRATION?

Are the pharmacokinetics and phar-
macodynamics acceptable for the in-
tended use, based on direct assessment
of the effects on the target molecule or
meaningful functional assays? Deliver-
ing an agent to its target in sufficient con-
centration and for an appropriate duration
to achieve the desired effect is an essential
part of drug development. Even the most
promising agent can falter if problems of
formulation, absorption, distribution, me-
tabolism, and/or elimination interfere with
achieving therapeutic levels at the target.
Because a systematic analysis of formulation
is rarely a component of academic investi-
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gation, substantial uncertainty during early
developmental phases might exist. Unfortu-
nately, academic clinical pharmacology has
been in eclipse for some time, and relatively
few academic institutions have individu-
als with expertise in pharmacokinetics and
pharmacodynamics.

The most desirable pharmacodynamics
assays are those that test the agent’s effect on
the target molecule itself, coupled with an
analysis of the functional impact.

CATEGORY 5: IS THERE AN

INDUSTRY PARTNER THAT CAN
DEVELOP THE AGENT EFFECTIVELY
AND EFFICIENTLY?

Is there an industry partner willing to
make the development program a high
priority? Undertaking preclinical studies
to support an investigational new drug or
device exemption application is a daunting
task requiring multiple teams of investiga-
tors with widely varied expertise. Success-
ful translation thus requires sustained effort
over a period of years. It is vital, therefore,
that an industry partner have the resources
and commitment to see the process through,
especially because historical evidence in-
dicates that serious problems are likely to
arise during development. Biotechnology
and pharmaceutical companies are under
intense pressure to control costs and dem-
onstrate short-term profitability, both of
which can jeopardize long-term develop-
ment programs.

Smaller companies with fewer prod-
ucts under development may be prepared
to make a stronger commitment; however,
larger companies are generally better capi-
talized, more experienced, and more likely
to have the requisite expertise. One method
for encouraging a company to maintain its
focus is to include expected resource com-
mitments and developmental milestones in
the licensing agreement. If the company fails
to meet these benchmarks, the technology
reverts to the licensing institution, which
can then seek another partner.

Will the industry partner ensure that
the preclinical and clinical development
groups exchange ideas throughout the
development process? Understanding the
interconnectedness of all steps in the devel-
opment process is central to success. Thus,
the intended use of a therapy and the design
of future clinical studies can profoundly af-
fect the optimal preclinical development
program and even the manufacturing pro-
cess. The animal models selected must ad-

here as closely as possible to the eventual
target patient population, and the proposed
dose for human patients may make one
form of manufacturing preferable. Even
during the preclinical phase, there may be
changes in the standard of care for the in-
tended clinical condition, radically affect-
ing the development plan. Thus, continual
communication must be fostered between
the preclinical and clinical groups. In small
companies, this is usually easier to achieve
because there are fewer people, but larger
companies may offer compensating advan-
tages in expertise and experience.

Is there an industry partner that will
refrain from excessive secrecy? Nowhere
is the difference in perspectives between cor-
porate and academic cultures more evident
than with regard to secrecy. Nondisclosure
agreements and trade secrets are typically
viewed by industry as important to sustain-
ing a competitive advantage. In sharp con-
trast, rapid publication and the sharing of
resources and knowledge are prized values
in academia. Striking an optimal balance be-
tween these perspectives is crucial for both
the scientific and commercial success of a
translational project. Some foreseeable is-
sues can be addressed in the initial licensing
agreement. For example, one author (B.S.C.)
inserted a clause requiring that the mono-
clonal antibodies being licensed be supplied
to academic investigators free of charge.
This not only kept faith with academic prin-
ciples but also provided crucial information
for subsequent drug development, because
other investigators confirmed previous ob-
servations and went on to make important
discoveries with the antibodies that had im-
plications for the drug development plan.

Can the technology be manufac-
tured easily and at a reasonable price?
Academic investigators often lack knowl-
edge of the scientific complexities and
regulatory requirements of industrial-scale
production. Some compounds and devices
are much more expensive to manufacture
than others, affecting the project’s econom-
ic viability. These issues need to be con-
sidered even at the beginning of a project,
because the size of the lots of the agent for
the preclinical and initial human studies
must balance the benefit of having a large
lot (so as to avoid the extra costs incurred
by having to perform multiple quality-
control assessments on small lots) versus
the potential waste involved in producing
more material than needed if the project is
halted prematurely.

CATEGORY 6: CAN A PIVOTAL TRIAL
BE DESIGNED AND COMPLETED?

Can a study be designed with a medi-
cally meaningful endpoint? Selecting
a medically meaningful, quantifiable end-
point that can support regulatory approval
and gain acceptance by payors is one of the
most important and difficult challenges in
translational research (33). Because the ap-
propriate roles for biomarkers and putative
surrogate endpoints in supporting regula-
tory approval remain contentious (34), the
ability to assess a new therapy directly by its
effect on a medically meaningful endpoint
confers a clear advantage.

Can a study be designed to reflect
clinical equipoise and be attractive to
both participants and their clinicians?
When there is broad consensus among the
academic community that a trial’s design is
based on equipoise, there will be an equally
broad consensus about the ethical basis of
the study. On the contrary, when the clini-
cal practice or academic communities are
sharply divided in their views regarding
the efficacy of different therapies, it will
probably be difficult to design a study that
will be free from criticism. Because clini-
cal trials require the enthusiastic support of
both patients and their physicians, proto-
cols must balance the risks and benefits of
the therapy within the comfort zone of the
clinical investigators.

Can a study be designed with suf-
ficient statistical power to detect the
endpoint? Biostatistical issues must be ad-
dressed at the earliest stage of trial prepara-
tion because they will determine many key
design elements. Practical issues, such as the
number of potential participants with the
condition of interest and their geographic
distribution, should be weighed against
optimal biostatistical models. Similarly, al-
though a large sample size is almost always
desirable, costs and time needed to complete
the study are also important considerations.

CONCLUSIONS

Translating scientific discoveries into im-
proved therapies is one of the most exciting,
satisfying, and complex challenges academic
investigators can take on. The inherent dif-
ficulties and uncertainties, however, make
the odds of success quite small. We believe
that many key issues in translational re-
search projects (Table 1) are amenable to
upfront analysis. Although the value of the
questions proposed will need to be assessed
and independently validated with empirical
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data, we strongly suspect that researchers
who can answer “yes” to most of them will
be more likely to make it through the valley
of death, even if it does not quite feel like a
Garden of Eden.
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