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Introduction 

Genomic sciences provide an exciting opportunity to redefine health and disease by 
taking into account vast amounts of new information concerning genes, gene 
expression, proteins, and metabolites. Technological and methodological advances 
have enabled scientists to consider targeting diagnoses and treatments according to 
detailed measurements of biological processes in the individual patient, an approach 
commonly referred to as “personalized medicine.” 

However, these new technologies and scientific methods involve complex measures 
and highly sophisticated calculations that take place within the context of “systems 
biology,” a construct that evaluates not only the individual effects of various genetic, 
metabolic, and environmental factors considered in isolation, but also the myriad 
complex interactions among these elements within the living biological system. 
These analyses involve large sets of multidimensional data that cannot be 
represented, analyzed, or interpreted without deep expertise in quantitative and 
computational methods as well as in the underlying biology. The risks of inaccuracies 
introduced by the use of inappropriate methods, human error, coding error, or acts 
of commission or omission are compounded by the multidisciplinary complexity of 
the field—a factor that also limits the capacity of non-expert readers either to 
understand the basis for such studies or to critique their results.  

Until recently, the culture of laboratory science thrived within a framework that 
assumes truth is ultimately to be discerned through a competition of ideas in which 
concepts, theories, and experimental validation are developed and published, leading 
to confirmation or refutation (or an inability to reproduce results) by other scientists 
in other labs. The time between scientific discovery and human application typically 
was long and characterized by years of development before studies in human 
volunteers could be seriously considered. However, the rapid advance of technology 
and global research collaborations that enable continuous research, together with 
the nature of genomic sciences, have overturned this paradigm. Because 
measurements can now be made in specimens donated by human volunteers and 
because the interval from experimental design to the generation of large datasets 
has shortened, the route for applying findings to human medical care is potentially 
more direct and can be accelerated—more so even than for other laboratory 
discoveries.  

Our institution recently became acutely aware of the potential for problems with 
these efforts. Data and analyses from a research laboratory at our institution that 
had touted the capability to use microarray profiling of patient tumors to predict 
individual sensitivity to chemotherapy were publicly disputed by Drs. Keith Baggerly 
and Kevin Coombes of the University of Texas M.D. Anderson Cancer Center in 
Houston (1). The work in question (2,3,4) had undergone traditional peer review at 
top-tier journals. Based on the apparent robustness of the predictors, the principal 
investigators moved quickly to investigation in human volunteers with the purpose of 
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validating and demonstrating the clinical utility of the predictors. In addition, these 
investigations were intended to determine the feasibility of carrying out studies in 
which a complex genomic assay (using microarrays) was integral to the trial design. 
Although these clinical trials sought to distinguish among widely used 
chemotherapies, the use of personalized genomic predictors offered a possible 
means to tailor care in ways that would be better than arbitrary choice based on 
clinical intuition. 

Based on the questions raised by Drs. Baggerly and Coombes, the Duke Institutional 
Review Board (IRB) sought an additional level of peer review and contracted 
independent external reviewers to evaluate the data; during this review, a voluntary 
hold was placed on patient enrollment in these trials. The external reviewers, whose 
identities were protected under a confidentiality agreement, concurred with previous 
peer reviewers, stating that they “…were able to show with an independent analysis 
that the approaches used in the Duke clinical predictors are viable and likely to 
succeed.” 

As the public record now shows (5,6,7), the work of our investigators was flawed and 
thus did not demonstrate that personalized genomic predictors could be used for 
creating “tailored” cancer care. Consistent with Baggerly and Coombes’ description 
(1), problems with data provenance, unexplained errors related to data 
management, and implausible data combinations that escaped detection at two 
different levels of independent peer review nullified the work and led to the trials 
being closed. It should be noted for the purposes of the discussion below that our 
independent peer reviewers evaluated data sets that were developed by our 
investigators; further, a number of the underlying papers have now been retracted 
because of problems with the datasets themselves, rather than the analysis or 
methods per se (5-7). 

What lessons were learned from this series of events? To address this, a committee 
at Duke was formed and charged by Duke Chancellor for Health Affairs Dr. Victor J. 
Dzau to advise on the development of oversight policies for translational research, 
especially those involving genomic discoveries poised to begin clinical trials in human 
volunteers (please see Attachment A for internal review committee membership). 
The committee undertook a review of current institutional approaches to ensure the 
quality of discovery science destined for clinical application. Based on the 
committee’s analyses, recommendations have been formulated to ensure that future 
efforts are guided by a framework for quality that allows both the public and the 
scientific community to be confident that human applications of basic and 
translational research have been vetted in a manner consistent with current 
knowledge of the issues, the necessary scope of expertise, and an awareness of the 
pitfalls of translational genomic research.  
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A panel of external experts was formed to assist the committee by providing 
perspective and guidance from a vantage point beyond that of the institution (please 
see Attachment B for external review panel membership). The panel comprised 
individuals representing a broad range of disciplines within the spectrum of 
translational medicine. Panel members provided experience in developing and 
implementing institutional and national policy at the interface of complex issues 
involving emerging scientific advances and their translation into human application. 
The panel reviewed and critiqued the committee’s findings and agrees with the 
recommendations as presented in this document.     

The broader scientific community and the public have just cause to be concerned 
that scientific investigations are receiving proper scrutiny for quality before they are 
applied in clinical practice or in the context of human research. To our knowledge, no 
standardized approaches or policies regarding this important issue exist in the 
broader scientific community. While our recommendations are focused on genomic 
research, we believe that these general principles may apply to all forms of 
translational research that directly affect human health. 

 

Perspective on Institutional Organization 

Academic medical centers evolved from complex structures in which schools of 
medicine and other health sciences were affiliated with tertiary-care hospitals and 
other healthcare delivery entities. These structures were organized in ways that 
permitted division into clinical (e.g., surgery, medicine, etc.) and basic science (e.g., 
biochemistry, immunology, etc.) departments, and accountability at the level of the 
division chief and the department chair has hitherto been relatively clear.  

More recently, academic medical centers have grown in complexity, with 
interdigitated arrays of centers and institutes that provide the foundation for 
multidisciplinary research (8). We now have broad university-wide academic 
structures that are aligned with integrated healthcare delivery systems. These often 
share common governance structures that afford the capability to balance both 
missions, albeit with the risk of diffusion of accountability (8). Research efforts 
increasingly require multidisciplinary teams that include faculty and staff from 
multiple schools, departments, centers, and institutes. This is particularly true in 
translational science, a discipline that integrates work and researchers across 
boundaries to ensure that research moves from concept to application. Because such 
team settings frequently involve a broad range of scientific disciplines, any given 
researcher must depend more upon trust in the performance of his or her colleagues’ 
specific areas of expertise than would be the case if the work was limited to that 
researcher’s own domain of expertise. Recommendations regarding the framework 
for this enterprise must take into account this structural and functional complexity. 
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Recommendations 

1.  Prior to application of research to humans in a manner that directs diagnostic 
testing or therapy either in clinical studies or in commercialization, findings 
must be reproducible (both internally and externally) based on additional 
documented data sets. Documentation of internal reproducibility should 
extend in a readily traceable manner back to the fundamental source of the 
original data, a concept known as data provenance (9). External 
reproducibility should be demonstrated in data external to those used to 
produce the original findings. Optimally, this could include a requirement that 
the data analysis be reproduced in an independent facility in addition to being 
replicated in second data sets.  

2. Scientific studies must be conducted with adequate quantitative expertise, 
applied under proper standards to the design, conduct, analysis, and 
presentation of results. 

3.  Governance and oversight of science with direct implications for patient care 
can no longer be seen as residing solely within the purview of any one 
laboratory. Given consideration of public investment, public trust, and direct 
impact on the wellbeing of patients, a chain of accountability extending 
beyond the individual laboratory to scientific leaders at local and institutional 
levels must be established. 

4. In the specific case of diagnostic or prognostic tests developed within the 
institution for which financial gain for scientists and/or the institution is 
possible or other forms of conflict are evident, a panel of independent experts 
should be convened to review the science underlying the test before the test 
is used in human studies or licensed, and this review should be publicly 
available.  

 

Data Provenance 

The maturation of clinical investigation intended to lead to approval for novel 
therapies or diagnostic procedures has resulted in a number of safeguards that 
ensure data provenance: secure database management systems are used to store 
and interrogate data for quality assurance; persons with vested interests (such as 
clinical investigators) are blinded to, and independent from, data and analyses; and 
analyses are performed using validated software by presumptively objective analysts. 
Traditional biomedical science, however, advances on a less prescribed path, 
progressing through sequential and iterative experimental testing of hypotheses. For 
the most part, internal quality control has been the purview of the individual scientist 
and his or her research group, with the ultimate test of quality residing in whether or 
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not the work could be replicated by others.  All too often in the field of genomics, 
clinical data from investigator-initiated studies has been handled with little regard for 
the safeguards characteristic of high-quality systems used in more traditional drug 
and device development. 

At its core, genomic science is based on highly technical measurements that are 
performed in vast quantities, subjected to complex data management processes to 
transform them into analyzable data sets, and examined using sophisticated 
mathematical and computational methods. At each step involving the handling or 
transformation of data, there is an opportunity for error. Such error may arise from 
fallible human judgment regarding data inclusion; lack of precision or rigor in quality 
control for automated, semi-automated, or manual data management procedures; 
inappropriate choice of analytical methods; or the improper selection of data 
transformation algorithms. In the worst cases, error is due to data falsification, such 
that the resulting dataset does not represent the intended dataset. In order for the 
results of an analysis to be replicated with confidence, a researcher needs not only 
the transformed data sets used in the final analysis, but also a record of the steps 
performed during the manipulation of the raw data sets that produced those final 
analyzed data sets. Much as investigations in biochemistry specify each process 
step—from the specific reagents used to the final product measured—genomic 
investigations must clearly specify each step in the handling of original source data so 
that others can use the same original data set to replicate the final analysis. 

Ultimately, all scientific endeavors are likely to incorporate a reporting system that 
includes a complete record of data management. We believe the time has come to 
ensure that when genomic analyses are proposed as the basis for choice in 
diagnosing or treating humans, either in an experimental or clinical practice 
framework, the entire trail from initial measurement to final product must be 
explicitly traceable using data analysis protocols and programs that allow validation 
by external scientists and incorporate an audit record of all data handling. After a 
limited delay to permit protection of intellectual property, we believe that proposed 
applications of genomic tests and other tests based on complex data to human 
health should be accompanied by a publicly-available analysis that includes the 
primary dataset and a detailed description in order to allow external experts to 
replicate the findings. In addition, when genomic data are published, primary data as 
well as the methods and code for any software used should be published on a 
“reproducible research” website maintained by the investigators, perhaps linked to 
ClinicalTrials.gov.  This should occur within a framework that allows for protection of 
intellectual property, so that discoveries can be made available for clinical benefit 
when they are found to be valuable. This fundamental approach to documentation 
for reproducibility can be found elsewhere (10,11). 

Such an approach will require a cultural shift in both the laboratory and in the clinical 
disciplines. While exemplars can be found in both arenas, the use of inadequate 
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databases persists in investigator-initiated research in both domains, as does a lack 
of rigor in data documentation. The need for data provenance is essential in research 
involving human participants and is required by federal regulation for the approval of 
a medical product. Debate exists regarding the degree to which discovery science 
with no intended human application should be held to this standard, because of the 
high costs and need for iterative learning typical of discovery science. However, it 
would be reasonable for investigators to assume that when a discovery is proposed 
for use in humans, they may be subjected to an audit and should be able to defend 
both the provenance of their data and the appropriateness of their methods. In other 
words, while basic science is not likely to be routinely audited, documentation should 
be sufficient to successfully withstand scrutiny by auditors should the need arise 
(e.g., unanticipated extrapolation of the work to clinical implementation). As we have 
noted, the principle of specifying each step in the research process is a time-honored 
one that is central to the scientific method. 

 

The Imperative to Include Adequate Quantitative Expertise 

Traditional biomedical knowledge has advanced based on hypothesis testing in which 
a constellation of findings leads to the advance of a theory or construct. The measure 
of an advance resides in the ability of other scientists to replicate the end product 
rather than recapitulating every step in the evolution of knowledge underlying the 
final discovery. In most areas of discovery science, high-level biostatistical expertise 
has not been considered a requirement, and statisticians often are consulted only 
when the principal investigator believes that help is needed with a specific problem. 
This approach to discovery science contrasts sharply with the fields of clinical 
epidemiology and clinical trials, in which biostatisticians play an integral role in the 
design and execution of research projects from their inception and often serve as co-
investigators or principal investigators in collaboration with a multidisciplinary team.   

Although bioinformatics, a term coined in 1978, does not have the long history of 
biostatistics, it has evolved rapidly as a discipline. It now includes the science of 
databases, algorithms, and computational and statistical techniques and theory that 
may be applied to both conceptual and pragmatic problems emanating from 
biological data. As an emerging formal discipline, it has a major role to play in 
ensuring the fidelity of the complex analyses done in genomic sciences.  

Because study design is an integral part of the appropriate analysis of data and 
interpretation of results, experts from the fields of biostatistics and bioinformatics 
(and from the related discipline of medical informatics) should be involved at the 
planning stage for particular projects, rather than being consulted after a project is 
already under way. Medical informatics, although overlapping to a degree with 
bioinformatics, deals specifically with the resources and methods required to 
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optimize the acquisition, storage, retrieval, and use of information in health and 
medicine.  

We propose an institutional change in culture across the entire spectrum of research, 
one that will result in biostatistical expertise being recognized as a key component of 
all major elements of translational research projects. Within this framework, 
members of departments of biostatistics and bioinformatics (or faculty with similar 
qualifications) must be identified as collaborators in these research areas so that 
appropriate decisions about the need for quantitative expertise can be made at the 
time studies are being planned. Further, when such need is clearly present, a 
quantitative expert should be assigned to the study to assist in its design and 
analysis.   

For this approach to succeed, departments, centers, and institutes (or the parent 
institution) will need to build biostatistics and informatics support into annual 
budgets and make this expertise available to support investigators before a project 
receives active external funding. The degree of support should include, at a 
minimum, salary support for PhD-level expertise, with many tasks to be performed 
by master’s-level personnel under the oversight or supervision of the PhD faculty 
member. We do not specify how this process should unfold within individual 
institutions, but emphasize that it must take place. 

 

Accountability for Quality 

Primary accountability for the veracity of science lies with the principal investigator 
of an experiment and the co-authors of scientific publications emanating from this 
work. While academic health and science systems have developed detailed 
approaches to accountability in clinical care (8), the academic ethos has assigned less 
responsibility for scientific conduct to the structural units in which scientists reside. 
In the past, views regarding the role of section heads, division chiefs, department 
heads, center or institute directors, deans, provosts, chancellors, or presidents have 
varied, and there has been little specific delineation of accountability as defined by 
the phrase “measurable performance with consequences (12).” 

Traditionally, approval by an IRB for human studies to proceed was considered 
adequate from the institutional perspective. Numerous analyses and reports have 
made it plain that the IRB system cannot possibly oversee research quality at a 
detailed level and that the primary mission of IRBs is to hold investigators 
accountable for the ethical conduct of research on human volunteers. However, 
because the IRB touches all human-participant protocols destined for clinical 
implementation and thus constitutes a first line of defense, it seems sensible to 
incorporate the IRB as an “early-warning system” to identify genomics-guided 
protocols for greater scrutiny (assuming that such protocols have not been marked 
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for particular attention *“designated”+ at an earlier step in the process; see further 
below). 

We believe that the complexity of team science now demands that every investigator 
in the institution function as a member of a research organization beyond their 
laboratory or clinic. This structure is clearly delineated for departments, with division 
chiefs and department chairs having defined accountability for research quality. 
Centers and institutes have taken more variable approaches to governance, but 
almost all are now similarly organized into identifiable research groups. Increasingly, 
research programs may span multiple departments, centers, and institutes. In these 
cases, accountability should be prospectively clarified among the various involved 
entities as well as within the larger institutional organization, such as the school(s) to 
which these entities belong. In addition, existing curricula should be updated and 
enhanced to ensure that all investigators are aware of and understand the principles 
required for carrying out high-quality research in this increasingly complex and 
publicly scrutinized environment. This curriculum should be administered to all active 
research scientists and reaffirmed periodically, as is current practice for ensuring 
compliance with local and federal guidelines for research in human participants. 

For multicenter clinical research, this accountability is defined by a requirement for 
the research to be conducted in one of several identified campus entities with robust 
standards for study design, study conduct, and the involvement of quantitative 
experts in biostatistics, bioinformatics and medical informatics. This type of research 
includes significant regulatory requirements defined by law and guidance from 
federal agencies including the U.S. Food and Drug Administration, the National 
Institutes of Health, and the Office of Human Research Protections.  

For clinical research in which the Duke University Health System functions as a 
research site and is directly involved in recruiting and enrolling participants, we have 
instituted a well-defined system of accountability in which every research project 
must be conducted under the auspices of a site-based research organization (SBRO). 
These organizations (each of which oversees a particular area of intellectual/medical 
expertise, such as pediatrics, oncology, etc.) all have a faculty director who, together 
with operational and financial leaders, is accountable for the conduct of research 
projects. In each case, the SBRO has a charter that links it to other institutional 
leaders, most notably the department chairs, center and institute directors, and/or 
clinical service line leaders who direct the implementation of the clinical enterprise in 
which the research must be conducted. 

As with multicenter research coordination, site-based research is conducted under 
detailed regulations and guidance from federal agencies. Genomic science, when 
applied to specimens provided by humans or to human volunteers, must fall under 
the same rubric, either within a sanctioned multicenter research entity or an SBRO.  
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In concrete terms, we seek to use these institutional structures to develop a scalable, 
systematic approach to ensuring that genomics-guided trials (and ultimately any 
work translated in a direct path from bench to bedside) are based on high-quality 
data and analysis. We propose that any protocols based on -omics technologies 
(genomics, proteomics, metabolomics) intended to guide patient therapy be 
designated for particular scrutiny. Ideally, these protocols will be designated at the 
SBRO level (or at the unit governing multicenter trials). However, as noted above, the 
IRB should also be able to identify protocols that have not been previously 
designated for such attention. At Duke, we use an electronic IRB protocol 
management system that with slight modification should allow such designation. 

For all specially designated protocols, an external review process will be emplaced to 
evaluate the study design, the core platform technology, the clinical epidemiology 
underlying the study, and the data management, informatics approaches, and data 
analysis to ensure that the trials have solid scientific underpinnings. This includes 1) 
an intensive investigation of data provenance; 2) a review of the informatics and 
biostatistical approaches to verify that data transformations, analyses, and 
interpretations were appropriate, defensible, and reproducible; and 3) a review of 
the study design by experts in the area of interest and by experts with appropriate 
quantitative expertise. We note that it is beyond our current scope to provide 
specific guidelines for determining whether particular data/assays/signatures are 
sufficiently robust in their connection to clinical endpoints to warrant clinical 
implementation, as this will vary across areas and will ideally be within the expertise 
of the reviewers. However, we refer interested readers to relevant references 
(13,14).    

Initially, because the number of trials of this nature is still small at our institution, we 
may contract with external reviewers who have the appropriate expertise to perform 
the reviews. However, we hope to form a consortium of institutions in which 
protocols from the institution developing the technology are reviewed by the other 
consortium members. Investigators who wish to conduct such trials at Duke will be 
expected to cooperate fully with the external evaluation, which in this context means 
facilitating complete access to data, analytical tools (e.g., software and associated 
data management programs), and any documentation concerning data provenance 
and data transformations. 

Guidelines such as these by themselves might not have prevented the problematic 
genomics-guided trials implemented at Duke University. However, enforcement of 
proper data provenance (including audits of “data trails”) and a change in 
institutional culture to insist upon and make available adequate 
biostatistics/bioinformatics expertise would have increased the likelihood that 
problems would have been detected and brought to the attention of accountable 
leaders earlier. To further increase accountability, when predictive genomic 
instruments are published, our institutional standard will be to provide public access 
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to all materials (including software and raw data) needed to reproduce the results. 
Although additional discussion will be required to develop firm operational 
definitions for this standard, it is clear that in our case, the Duke investigators in 
question failed to publicly post sufficiently accurate data to allow full, free external 
analysis. In this regard, it is worth noting that the external review of our own 
investigators’ work noted that the investigators were deficient in laying out the 
statistical methods and assumptions used in their publications in sufficient detail for 
others outside the review team to independently reproduce their work. 

Prior to involvement of human tissues or living human research participants, 
laboratory-based research is less closely governed by regulatory imperatives. But as 
delineated above, a need exists for more attention to data provenance and proper 
quantitative expertise. Accordingly, the current school, department, center, and 
institute leaders, as well as the leaders of their subsections, will be accountable 
together with the principal investigators for ensuring the implementation of effective 
systems in these arenas. 

Further, greater attention should be paid to the overall veracity and quality of the 
work in each of these units. In any form of science, there may be temptation to 
exclude data that “don’t fit” the hypothesis, even when there is no technical reason 
to do so, or to discern a favored pattern where one does not actually exist. It is the 
responsibility of unit leaders to cultivate an environment wherein data at all stages 
receive critical scrutiny and frank dissent from colleagues is not only tolerated but 
encouraged. When the research has clinical implications, application of this quality 
framework will provide additional assurance of thorough critical examination. Such a 
cultural norm is admittedly difficult to achieve, but the dissemination of such 
expectations from institutional leadership and leaders of departments, centers, and 
institutes is a requisite first step. Finally, when disputes arise within laboratories 
about research data veracity and outcome, each investigator must be educated 
regarding the importance of taking seriously such disputes and resolving them in a 
data-driven manner, often by engaging otherwise uninvolved expert researchers. 

In light of the necessary cultural shifts and changes in the nature of operations of 
investigators involved in this field, institutions will need to provide adequate training 
and resources. Much as clinical researchers at most institutions are familiar with 
applicable rules for clinical research, translational researchers must be able to 
maintain their knowledge of best practices and learn to perform their research tasks 
more effectively. 

 

Special Review of Conflicted Research 

When a line of research reaches a point where development and evaluation in 
studies involving human research participants or their tissues is indicated, the 



TMQF Principles     

12 
 

approaches outlined above seem appropriate. However, there are well-defined 
points along the trajectory of a translational study at which further scrutiny for 
important conflicts of interest should occur; for example, at the time of application of 
the discoveries (particularly if the validation studies or clinical trials are performed at 
the same institution or at the time of development of intellectual property). When 
research leading to human application has been conducted at the institution where 
the discoveries will be applied (or when it involves other investigators at the same 
institution; e.g., Duke discoveries to be implemented at Duke), special rules must be 
enforced because of the inherent conflict of interest. This is even more important 
when the individual or institution has developed intellectual property or has the 
imminent potential to profit financially, either from the successful application of the 
research or by advancing the research into human studies in which milestone-based 
payments or the prospect of attracting additional patients to the institution may 
offer fiscal inducements. 

We therefore believe that in such cases a special review is needed beyond those 
provided by the standard IRB and conflict of interest committee reviews. This 
procedure would involve convening a committee to review the science behind the 
effort, as described above for otherwise specially designated studies. 

 

Conclusion 

The trust of the public and of the scientific and clinical communities is critical to 
enabling the translation of significant advances in biological sciences into human 
benefit. We believe that the recommendations in this report provide a basis for 
improving that trust and producing a quality framework for our institution. However, 
this is only the beginning of what we believe will be a constantly evolving scientific 
framework, one characterized by increasing transparency and global sharing to 
produce new knowledge at accelerating rates. Understanding that data provenance, 
quantitative expertise, accountability, use of genomic tools by scientists with deep 
understanding of the underlying biology, and external review are all critical elements 
of this process should improve the capacity to move from discovery to improved 
human health. We are equally convinced that shortcuts or lack of attention to the 
checks and balances noted in this report would be detrimental and even potentially 
damaging, especially in research involving human research participants. We will 
endeavor to work collaboratively with leading institutions to implement these ideas 
(and better ideas as they evolve) in an efficient manner that encourages new 
advances among the community of scientists and practitioners. 
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