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Drug developers have been using genomic information in
drug development strategies for a number of years, but it
was unclear how this information would be reviewed by
the Food and Drug Administration (FDA). In order to
evaluate the regulatory impact of genomic data in current
drug development, a workshop was held in May 2002 to
discuss aspects surrounding genomic data submission to
the FDA (Figure 1).

In this workshop on pharmacogenetics/pharmacogenomics
in drug development and regulatory decision-making, the
concept of a ‘‘safe harbor’’ for the submission of pharma-
cogenomic data was introduced,1 and shortly thereafter, a
draft guidance on pharmacogenomic data submissions was
developed. In the following year, a second workshop on
‘‘Pharmacogenomics in drug development and regulatory
decision-making: The genomic data submission (GDS)
proposal’’ was held to gather public feedback on the FDA
Draft Guidance for Industry: pharmacogenomic Data Sub-
missions. This guidance, although clarifying what type of
genomic data needs to be submitted to the Agency and when,
also introduced the concept of ‘‘Voluntary Genomic Data
Submissions’’ (VGDSs), and a new classification system for
genomic biomarkers. The FDA released the final ‘‘Guidance
For Industry: Pharmacogenomic Data Submissions’’ in
March 20052 and created a ‘‘Genomics at FDA’’ webportal3

that provides up-to-date regulatory and background infor-
mation on genomics.

To date, the FDA has received in the order of 30 VGDSs
and held close to 20 meetings with VGDSs sponsors. The first
submission was received in mid-2004. Since then, two or
three submissions are received each quarter. Although the

complexity of the submissions was initially low, more recent
submissions contain large and highly complex data sets. In
addition to the expanding scientific focus of these submis-
sions, several sponsors have been using this type of informal
interaction with the FDA as a stepping stone to present the
same or related data in a regulatory context to the FDA later,
e.g., in a phase II meeting or in protocol assessments for
phase III studies, etc. The philosophy behind this approach is
clear: it provides the sponsor of such a study with a good
understanding of how FDA will react to the use of this
information in the context of regulatory decision-making.
For example, questions such as ‘‘Has the marker been
developed appropriately?’’, ‘‘Were the most critical experi-
mental considerations taken?’’, ‘‘Is the approach to use the
marker in a prospective study appropriate?’’, are discussed in
VGDSs meetings.

The principle of voluntary submissions has also found
interest in other geographic regions and the first bilateral
VGDS project in which both the FDA and European Agency
for the Evaluation of Medicinal Products (EMEAs) reviewed
the submission and discussed their respective findings in a
meeting with the sponsor in 2005. To formalize this process,
the two agencies issued in 2006 the ‘‘Guiding Principles for
Processing Joint FDA/EMEA VGDSs’’, which describe how
bilateral VGDSs are being processed and reviewed.4

The areas covered in VGDSs are very broad: VGDSs have
been received in the areas of cancer, obesity, depression,
hypertension, and Alzheimer’s disease, to name a few. Within
each of these submissions, the focus has been equally broad,
for example, issues such as biomarker qualification, device-
related questions, study designs, analysis software, etc., have
been discussed (Figure 2). Although FDA has had, and
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continues to have, a great interest in this type of genomic
data submissions, the program itself has recently been
expanded to VXDS, where ‘‘X’’ stands simply for ‘‘explora-
tory.’’ The idea is to make sure that we do not lose sight of all
the other ‘‘omics’’-type exploratory technologies and that
FDA takes an integrated (systems biology) approach to the
use of these data in drug development (Figure 3). FDA
recently received the first of such data sets in which the
bridging of these technologies has been the focus.

The development and utilization of the VGDSs at the FDA
has added a new catalyst for understanding novel technologies,
applications in drug development paradigms, and allows a
mutual beneficial scientific forum for drug developers and
regulators to discuss the scientific issues associated with
cutting-edge technologies and their respective applications.
Furthermore, the VGDSs has spurred the FDA to begin
developing the appropriate IT infrastructure necessary to store
and analyze large genomic data sets. The following section
highlights some of the common topics and questions that have
been addressed in the VGDSs meetings at this time.

EXAMPLES OF NON-CLINICAL VGDSs

The non-clinical VGDSs received thus far can be grouped
into two basic categories:1 the application of toxicogenomics
for the development of screening tools (genomic biomarkers)
for target organ-specific toxicities with the goal to select the
most promising candidate compound(s) and2 the leverage of
toxicogenomic information along with classical non-clinical
information in an attempt to derive more detailed insights
into the molecular mechanisms of toxicity.

For example, in the first category, the FDA has received a
VGDS from a sponsor that consisted of a TaqMan-based
screening system to identify specific subtypes of toxicities in
the target organ of interest. Gene expression changes for the
sub panels of pre-selected genes were analyzed following
treatment of rats with well-characterized reference toxicants
that induce specific types of damage. Each study included the
classical end points such as clinical chemistry and histo-
pathology results in conjunction with the microarray data.
This information was mined for gene expression changes that
could identify the particular types of phenotypes/toxicity
such as, peroxisome proliferation, necrosis, or apoptosis. It
was conveyed by the sponsor that the gene expression
information was used in conjunction with preliminary
ADME, pharmacological, medicinal chemistry, and toxicol-
ogy data to help prioritize candidate molecules during early
drug development processes.

Questions that were discussed in this context included:
‘‘What is the appropriate classification of the genomic
biomarkers that they have described in their independent
submissions?’’ Genomic biomarkers as presented in VGDSs
to date are exploratory and lack the scientific evidence to
move the markers into the ‘‘probable valid’’ or ‘‘known valid’’
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Figure 1 History of Voluntary Genomic Data Submissions (VGDSs) at the FDA.
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category.2 Another question was: ‘‘Can the FDA comment on
a novel set of genomic biomarkers such as selected gene sub-
panels or signatures that are being used for a particular type
of interpretation, e.g., the identification of a PPARa agonist
response in a new chemical entity?’’ Sponsors also have
requested feedback from the FDA on the biological
interpretation of the gene expression information. In the
broader sense, these types of submissions address the issue of
how novel e-clinical genomic biomarkers can be qualified for
their intended use. The VGDSs program, as well as a series of
other activities initiated by the Genomics Group at the FDA
(e.g., specific collaborative research efforts and a Predictive
Safety Testing Consortium5), have led to a proposal for a
formal qualification process for such e-clinical biomarkers,6

which is currently being tested.
Another VGDSs focused on using a toxicogenomic

approach for understanding the molecular underpinnings
of toxicity for a couple of compounds in their drug
development program. One of the many questions posed
was: ‘‘how does the FDA handle microarray data that had no
other supportive findings, e.g., histopathology, associated
with it?’’ The example focused on the presence of increased
quantities of peroxisomes that was not detectable via electron
microscopy (the gold standard), whereas gene expression
changes based on the microarray results provided evidence
for increases in peroxisomes. In this case, clearly the absence
of confirmatory results for peroxisome proliferation by
electron microscopy does not allow the gene expression data
to suffice on its own to support the classification for this
compound, but the results could be used as part of the
evidence to support the presence of increased numbers of
peroxisomes.

EXAMPLES OF CLINICAL VGDSs

Different sets of questions have arisen from clinical VGDSs,
such as, for example, a study that was targeted at
characterizing the efficacy profile of a drug in a patient
population using a specific gene variant as a marker. The
information submitted was the result of a retrospective
analysis of a phase II clinical trial in which a subset of patients
containing the gene variant had improved efficacy. These
results led to a hypothesis that could be tested in a
prospective phase III clinical trial, answering a series of
questions, such as: ‘‘What is the most appropriate phase III
clinical trial design to evaluate the proposed hypothesis?’’
‘‘Does the data support an enrichment strategy for clinical
evaluation?’’ ‘‘Should further clinical evaluation include
stratification by genotype?’’

Another example of a clinical VGDSs was based on a phase
II study in which a gene expression signature was thought to
indicate whether a favorable outcome or no benefit could be
expected. The sponsor asked if the expression signature could
be used for stratification in a phase III trial. The discussion
led to the proposal of enrolling all patients (whether they test
positive or negative for the signature), and determine
whether there were significant differences in outcome in a

prospectively defined subgroup analysis of test-positive
versus test-negative patients. This study design brought up
an interesting question: ‘‘Should phase III patients be divided
into training and test set populations to generate a new
predictive set?’’ Generally, it was agreed that predictive
models can be developed for phase III clinical trials that
include a patient population large enough to accommodate a
patient distribution that is appropriate to study novel
statistical approaches. FDA is currently working on creating
several new guidances in this area and a number of different
approaches have been proposed and discussed in the recent
literature.7

It is also noteworthy that during the same time that FDA
established the infrastructure and resources to review
voluntary submissions, a sharp increase in non-VGDS (albeit
of much less complexity) has been observed, indicating that
not only the timing for voluntary submissions was critical,
but that industry overall has become more comfortable in
sharing this type of information with regulatory agencies.
Much like the VGDS data in the beginning, the non-
voluntary submissions continue to increase in complexity
(e.g., from one or a handful of genes that are being studied to
whole genome association studies), and it is reasonable to
anticipate that in 2–5 years, a significant number of
investigational new drugs and new drug applications will
contain pharmacogenomic information that is critical to the
overall success of the study on hand.

There are also limitations to a voluntary data submission
program. Because the submissions are voluntary, they are
usually not high priority and they are neither standardized
nor are the data bound to be submitted in a specific format.
Also, sponsors may use the opportunity to meet ‘‘informally’’
with the regulatory Agency not specifically to discuss the
data, but rather to discuss more general aspects of genomics
and how the FDA will treat such information. Lastly, FDA
may not see all of the data available, as under a voluntary
program it is of course possible that not all relevant data is
submitted, and asking for more data may not be appropriate
in all circumstances.

SUMMARY

The 21
2-year-old voluntary genomic data submission program

has yielded 30 submissions of increasing complexity.
There is a wide variety of therapeutic areas (see Figure 2)
that were covered and the questions raised included
therapeutic area-specific aspects as well as more general
biomarker-related and policy questions. Overall, the program
has been instrumental to create a review infrastructure for
genomic data (hardware, software, intellectual expertise) at
the FDA and has led to significant educational and policy-
related activities within the Agency (Figure 1). The program
also has created a novel way to interact with industry on a
more informal level, focused on the scientific rather than
regulatory interpretation of the results presented. Based on
the success of the VGDSs, the voluntary submission program
is now expanding so that all other ‘‘-omic’’ (or exploratory)
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data can be submitted under the new VXDS program
(Figure 3).
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Figure 3 An overview of other ‘‘-omic’’ technologies that could be

submitted as a VXDS.
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