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Recently, the cost of irreproducible research,
especially in preclinical biology, has gar-
nered a huge amount of attention.

Irreproducible research expends financial and per-
sonnel resources and makes it difficult to differen-
tiate truly significant advancements from irrepro-
ducible findings. Freedman (2015)1 estimates that
$28 billion is spent on preclinical research that
yields results that cannot be reproduced. 

Still unknown is the cost of performing the inde-
pendent replication studies themselves, to avoid
wasted resources and to determine which scientific
findings are best suited for development of novel
therapeutics. The Reproducibility Project: Cancer
Biology (RP:CB) is a collaboration between Science
Exchange and the Center for Open Science (COS)
to independently replicate key experiments from
high-impact, published cancer biology studies2 and
was initiated in response to multiple reports pub-
lished from the pharmaceutical industry indicating
that more than 70% of published findings could
not be reproduced3,4. The first set of five replica-

tion studies were recently published in this edition
of eLife (https://elifesciences.org/collections/repro-
ducibility-project-cancer-biology), and represent a
major landmark for the reproducibility discussion.
These are the first replications to generate an open
dataset that can be used to examine the rate of
reproducibility in this field, and to study factors
associated with the reproducibility of experimental
results. The project also gives insight into the time
and costs of undertaking independent replication
studies. The goal of the current commentary is to
use this first sample of studies to discuss the prac-
ticalities of conducting these independent replica-
tions and the most common roadblocks that have
affected the time to conduct them. 

Science Exchange and 

independent replication

One of the key factors determining the validity of
the RP:CB was the use of highly-qualified scien-
tists to perform the replication studies. Science
Exchange manages a network of more than
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Practicalities of conducting
REPLICATION STUDIES

The first results for the Reproducibility Project: Cancer Biology offer insights
into the time and cost of conducting replication studies in preclinical cancer
biology. While many agree that developing a therapeutic should not be pursued
unless grounded in reproducible preclinical results, the costs of replication
have, to date, not been considered when such studies are funded. With this
first estimate of the resources required, the Reproducibility Project: Cancer
Biology lays the foundation for developing a research funding structure that
may provide appropriate incentives for completing replication studies. Unlike
other assessments of reproducibility, the results of the Reproducibility Project:
Cancer Biology are an open, growing dataset of systematic experiments. This
open format is necessary for constructive discussion of reproducibility among
researchers, industry leaders, policy makers, funding agencies and regulatory
agencies that will shape the way preclinical research is done.
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3,000 screened and verified contract research
organisations (CROs), academic labs and gov-
ernment facilities that are available to conduct
experiments on the behalf of scientists. While
Science Exchange primarily functions as a mar-
ketplace for a broad array of researchers, ranging
from large biopharmaceutical companies to aca-
demic labs, for outsourcing experimental
research, it also serves as a unique venue that
enables reproducibility initiatives. An important
application for clients of Science Exchange is the
ability to independently run replication studies
by capable laboratories. 

Science Exchange has been involved in various
reproducibility initiatives, including antibody
and reagent validation, the Movember
Foundation-Prostate Cancer Foundation
Reproducibility Initiative5,6, the Reproducibility
Initiative7 and the Gates Foundation 3ie support-
ing HIV prevention research validation. Similar
to these other initiatives, the RP:CB tapped into
the extensive Science Exchange network to use
the existing capabilities of experienced and com-
pletely independent labs for this large set of
reproducibility studies.

Practical components of 

independent replication

The timeline for the RP:CB replications began
upon initial contact with the original authors. The
RP:CB Core Team requested comments on the pro-
posed protocols, raw data from original experi-
ments, as well as reagents for the replications
themselves. The types of requested information
included vendor and catalogue numbers of specific
reagents and specific details about protocols that
were not published in the original manuscript. The
RP:CB Core Team also requested relevant cell
lines, plasmid constructs, peptides or antibodies,
when these were available, from the authors of the
original study. The goal was to reduce the number
of potential sources of variation from the original
study as much as possible. The average time to
receive protocol information and/or data was 81
(±21) days (Table 1). This two to three-month
delay in sharing information and data was typically
the result of information decay and personnel
changes in the original laboratory. In the interven-
ing time between the original publication and our
outreach, the corresponding author was often no
longer working in the same laboratory and may or
may not still have had access to data or reagents.
Once both the replicating labs and the original
authors had the opportunity to comment on the
proposed experimental work, the Registered

*N/A in which data and or protocol information was not shared for replication study. 
Note: Experimental protocols within each replication study may have run concurrently; timing is based on
conducting the experiment, not information gathering or review process.

Table I: Timing and cost for the first seven RP:CB replication studies
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Reports were submitted to eLife for peer review.
The average time between the initial submission
and acceptance of each Registered Report was 92
(±17) days (Table 1). 

We identified 11 service providers to perform
the experimental work for the seven studies. These
seven labs performed between two and five exper-
imental services for each replication study. There
was often a delay between the time that the proto-
cols were approved with Peer Review and when
the replicating lab received all of the necessary
materials and reagents to begin experimental
work. Once experimental work began, projects
lasted, on average, 192 (±84) days (approximately
6.5 months). Six of these replication studies
included an in vivo experimental component. The
greater than six-month experimental time period
with these seven replications included delays such
as optimisation for the timing of IVIS imaging of
tumours8 and confirming the expression of muta-
tions9. The costs of the first five replications
ranged between $11,700 to $65,940, averaging
$33,700 (Table 1). 

Discussion and conclusions

While other authors have helped to sound the
alarm about irreproducible research, the RP:CB
project represents the first study of its kind to
make replication results open to the scientific com-
munity. This open dataset allows each community
member to re-analyse data, evaluate the quality
control checks that were performed and vet the
conclusions for themselves in a very tangible way.
This degree of open access is unique for published
research in biological sciences. 

It is important to highlight that these are the
first of several replications to be published. The
RP:CB Core Team will perform a meta-analysis
of all of the final reports to identify the factors
that are associated with both reproducible and
irreproducible studies. Preliminary results sug-
gest that reproducibility can be hampered by lack
of detail in specifying materials and methods of
the original studies. For example, exact condi-
tions for compound synthesis, precise protocols
for xenograft injection, detailed methods for tis-
sue homogenisation/extraction, conditions for
western blotting and detailed conditions for
reverse transcription-polymerase chain reaction
(RT-PCR) if omitted from the original
manuscript must be left to the discretion of the
replicating lab. Solutions for the time and barri-
ers to conducting replications include having raw
data and full protocols available with the publi-
cation, so authors following up on the finding

are not required to request this information. As
well, depositing unique reagents that are not
commercially available in repositories such as
Addgene, JAX and ATCC would reduce barriers
for follow-on studies as well as replication stud-
ies. Lastly, introducing efficiencies that can speed
up the peer review process can avoid delays dur-
ing publication.

In addition to the forthcoming meta-analysis of
factors contributing to reproducibility, RP:CB will
publish a study highlighting the timing, costs and
roadblocks that were encountered during the pro-
cess for the entire RP:CB. 

These studies show that the important work of
replication needs to be done and should be an
automatic result of any exciting new finding. It is
clear from the first set of replications that the
results were not always aligned with the original
publications. Given that most of the high impact
studies included in the RP:CB likely represent
many years of trial and error and optimising pro-
tocols, the costs of conducting replications are a
small fraction of the grant awards that likely
fuelled the original papers. The costs associated
with these replications are reasonable estimates
for funding agencies to use for studies of this
scope as they begin to make replication plans a
required component of grant applications. The
NIH issued a notice in 2015 that the “NIH and
AHRQ plans to require formal instruction in sci-
entific rigour and transparency to enhance repro-
ducibility for all individuals supported by institu-
tional training grants, institutional career develop-
ment awards, or individual fellowships” in early
2017 (NIH NOT-OD-16-034). This notice falls
short of requiring evidence of independent replica-
tion for grant applications. In order for replication
studies to become part of the framework of sci-
ence, funding needs to be allocated so that princi-
pal investigators are able to include independent
replication studies as part of their ongoing
research programmes.

Finally, the ultimate result of irreproducible pre-
clinical studies is very low follow-on success of
clinical trials in which human subjects volunteer
to participate. The success rate of company-spon-
sored, FDA registration-enabling development
programmes progressing from Phase I to FDA
approval between 2006 and 2015 was only 9.6%
for all disease areas, and for oncology the success
rate was even lower (5.1%10). This number is
lower than in a previous report by Hay et al11 that
measured a 10.6% overall success rate and 7% for
oncology drugs. The important and compelling
by-product of more robust and reproducible pre-
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clinical studies will be more efficient use of the
total life science R&D spend ($71.1 billion in
201612) and presumably higher success rates of
drugs to treat disease.                                 DDW
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