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for this process.

A key to the transformation of the drug develop-
ment paradigm has been described as a progressive
reduction of uncertainty about effects or/and an
increasing level of confidence about outcomes
using biomarkers [1]. Biomarkers contributing to
this transformation often contain multidimen-
sional and not binary information. New biomark-
ers can revolutionize both the development and
use of therapeutics, but may require commercial
development of novel biomarker technologies and
regulatory pathways for the efficient development
of therapeutic/biomarker pairs.

Processes for the submission and review of phar-
macogenomic and toxicogenomic data to the US
FDA (FDA) are being established from work
within the agency leading to documents summa-
rizing the science, the regulatory expectations, and
new approaches to the interaction between spon-
sors and the FDA. The framework for this work
was outlined in the document Guidance for Indus-
try: Pharmacogenomic Data Submissions [101]
published on March 22, 2005. The guidance:

* Introduces a classification for genomic

biomarkers

¢ Clarifies what type of genomic data needs to
be submitted to the FDA and when this data
should be submitted

* Introduces a new data submission pathway
to share information with the FDA on a
voluntary basis

* Encourages the voluntary submission of
exploratory genomic data

* Introduces new agency-wide interdisciplinary
pharmacogenomic review group (IPRG)

¢ Clarifies how the FDA will review genomic
data submissions

This guidance introduces the concept of, and

definition for, exploratory and valid biomarkers.

It further defines two categories for valid
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How can we encourage the application of novel genomic biomarkers in drug
development? A major step in this direction would be a consensus on how to interpret
results from measurements of these biomarkers in regulatory submissions. A transparent
process for genomic biomarker validation would be of value both for the pharmaceutical
industry as well as for regulatory agencies associated with it. A discussion on process map
proposals for genomic biomarker validation can help with drafting of guidance documents

biomarkers: ‘probable’ and ‘known’. Known
valid biomarkers are defined as biomarkers that
are measured in an analytical test system with
well-established performance characteristics and
for which there is widespread agreement in the
medical or scientific community about the phys-
iological, toxicological, pharmacological, or clin-
ical significance of the results. Probable valid
biomarkers are defined as biomarkers that are
measured in an analytical test system with well-
established performance characteristics, and for
which there is a scientific framework or body of
evidence that appears to elucidate the physiolog-
ical, toxicological, pharmacological, or clinical
significance of the test results. These markers are
not categorized as ‘known valid’ because:

¢ Data elucidating its significance may have been
generated within a single company and may
not be available for public scientific scrutiny

* Data elucidating its significance, although
highly suggestive, may not be conclusive

* Independent verification of the results may
not have occurred

Exploratory biomarkers are potential precursors
for probable or known valid biomarkers. As
hypothesis-generating ~ agents,  exploratory
biomarkers can be used to fill in gaps of knowl-
edge about disease targets and variability in drug
response, bridge the results of animal model
studies to what may be expected in the clinic, or
can be used for the selection of new compounds
and the improvement of anticipated cost—benefit
ratios for future drug development programs.
The guidance next defines what type of reports
should be submitted to the FDA depending on
the classification of the biomarker included in the
submission (Table 1). It is in these reports that a
particularly compelling argument may be made
for the validity of genomic biomarkers in a
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Table 1. Biomarker classification and pharmacogenomic submissions*.

Data to be submitted

Known valid biomarker

Probable valid biomarker

Exploratory or research
pharmacogenomic data

IND

Must be submitted, pursuant
to 21 CFR 312.23 (a) (8), (9),
(10) (iv) or (11)

Does not need to be submitted
if not used by the sponsor in
decision making. The FDA
welcomes voluntary
submission of such data in a
VGDS

The FDA welcomes voluntary
submission of such data in a
VGDS

New (unapproved) NDA,
BLA, or supplement

Must be submitted, pursuant
to 21 CFR 314.50 and 601.2.
See section IV.B. of the
guidance

The FDA recommends
submission, using algorithm in
section IV.B. of the guidance

The FDA recommends
submission, using algorithm in
section IV.B. of the guidance.
The FDA welcomes voluntary
submission of such data in a

Previously approved NDA
or BLA

Must be submitted pursuant
to 21 CFR 314.81 in annual
report and should be
submitted pursuant to

§ 601.12 as synopses or
abbreviated reports

Must be submitted pursuant
to 21 CFR 314.81 in annual
report and should be
submitted pursuant to

§ 601.12 as synopses or
abbreviated reports

The FDA welcomes voluntary

submission of such data in a
VGDS

VGDS

*Data obtained from [101].

BLA: Biologics license application; CFR: Code of Federal Regulations; IND: Investigational new drug; NDA: New drug application; VGDS: Voluntary

genomic data submission.
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regulatory context. However, the guidance does
not specify the validation process converting
exploratory biomarkers into valid biomarkers, and

probable valid into known valid biomarkers.

How should genomic biomarkers

be validated?

The application and use of biomarkers closely
tracks with the regulatory function of an
agency. The FDA, as a regulatory agency
charged with ensuring the safety and efficacy of
drugs, should define a process (or processes)
expected to be undertaken by sponsors to vali-
date genomic biomarkers relevant to their sub-
missions. Since no such process exists today for
at least preclinical biomarkers, it is reasonable
to expect that the regulatory agency will need to
design a validation process that allows consen-
sus-building with sponsors regarding the valid-
ity of biomarkers. It will also need to support
the approval of genomic biomarker validation
with the application of this process.

There are multiple areas for the application of
genomic biomarkers. Process maps for the vali-
dation of preclinical and clinical genomic
biomarkers are likely to share some steps and to
have some steps that are likely to be specific for
each area. Figure 1 shows a proposal for process
maps for validation of preclinical genomic
biomarkers. It is worthwhile to examine how this

proposal was developed, as well as how their
expected outcomes compare with work on
genomic biomarkers reported thus far.

Proposal for a process map for
validation of genomic biomarkers of
preclinical drug safety assessment
Genomic biomarkers have been embedded in
preclinical drug development over the past dec-
ade [2]. An interesting dichotomy has developed
over this period between the perception and use
of genomic biomarkers of preclinical efficacy
and genomic biomarkers of preclinical safety.
Genomic biomarkers of preclinical efficacy
have been actively developed and used in drug
development [3]. Results from studies with these
markers in the prioritization of compounds as
ligands for specific targets, or in troubleshoot-
ing problems with these compounds in devel-
opment, have often been reported both through
regulatory submissions [4] and through publica-
tions in peer-reviewed journals [5]. Genomic
biomarkers of preclinical efficacy are often pro-
prietary and linked to the development of spe-
cific compounds within a single company. It is
reasonable to assume that most pharmaceutical
companies have, at one time or another,
actively identified, developed and applied
genomic biomarkers of efficacy during their
drug development processes.
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Figure 1. Proposal for a preclinical drug safety evaluation
genomic biomarker validation process map.
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The contrast to the corresponding application
of genomic biomarkers of preclinical drug safety
assessment is remarkable. Proprietary applications
of most genomic biomarkers of efficacy in this
context often lead sponsors to validation studies
circumscribed to their own companies. Data on
the validity of genomic biomarkers of efficacy will
often be identified within one development pro-
gram, one therapeutic area or one particular com-
pany. In contrast, it is reasonable to expect that
data on the validity of genomic biomarkers of
safety will apply to, and be easily exchanged by,
multiple companies, across therapeutic areas and
development programs. Consortia of multiple

www.futuremedicine.com

companies for the cross-validation of genomic
biomarkers of safety are likely to find common
benefits for all members, as well as sufficient data
to lead to ‘know valid biomarker’ status. These
consortia will benefit from available public
databases for genomic biomarkers.

At the FDA, exploratory genomic biomarkers
of preclinical safety assessment have been reviewed
to assess the potential of genomic technologies in
‘mock’ submissions [6], as well as to identify the
statistical, biological and toxicological parameters
that are likely to determine the success of these
biomarkers in voluntary genomic data submis-
sions (VGDS) [7,1011. The VGDS format has
opened a scientific dialog between the FDA and
sponsors on these biomarkers. Information lead-
ing to validation process map proposals has been
freely exchanged in these meetings.

The proposal in Figure1 consists of several
intuitive steps leading from an exploratory to a
known valid genomic biomarker for preclinical
drug safety, as listed here:

* Discovery

* Method development

¢ Study protocol proposal

* Regulatory protocol review

* Dose-ranging study

* Validation study

¢ Validation study report

* Regulatory study report review
¢ Cross-validation consortium

Discovery

The identification and selection of genomic
biomarker candidates for preclinical drug safety is
often initiated with a high-density hybridization
array. A toxic end point can be defined by dose,
time, gender and genetic relationship. Biological
pathways associated with mechanistic biomarkers
are identified in this step, and a list of references
supporting this association can be provided. Data
submitted through a VGDS of the results from
this step could be used to provide early feedback
from the regulatory agency regarding additional
work needed. Go/no go decisions over whether to
proceed with the method development step will
depend on the quality of the data and information
collected in this step.

Method development

The platform applied in discovery is developed
into an analytical platform. For example, lower
density hybridization or quantitative polymerase
chain reaction (PCR) arrays could be used to
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measure expression level changes for a subset of
genes discovered using the original platform. A
go/no go decision over whether to proceed with
the study protocol proposal step will depend on
whether specifications for biological matrices, sam-
ple volumes, assay sensitivity, specificity and
reproducibility can be satisfactorily determined.

Study protocol proposal
Key sections of the validation protocol to be pro-
vided to the regulatory agency should include:

* Goal

* Analytical assay definition

* Identification of samples in which the bio-
markers will be measured

¢ Statistical analysis plan outlining method and
acceptance criteria

* Definition of data set for validation

* Rationale for sampling

* Exposure data

* Definition of use of biomarker as a mechanis-
tic, diagnostic or predictive candidate

* Power calculations for accuracy, specificity
and sensitivity

* Plan for future cross-species comparison

* Preliminary dose-ranging step

* Knowledge about compound pharmacology

* Knowledge about compound toxicity

* Number of compounds

* Replicate animals in final study

* Necropsy plan

¢ Clinical pathology

* Histopathology

A go/no go decision to submit the study protocol
proposal to the regulatory agency for protocol
review will be made depending on the availability
of supporting data and a complete draft protocol.

FDA protocol review

The design of validation protocols is context-spe-
cific. An open dialog between the sponsor and the
agency is important in the review of validation
protocols by the FDA. The details of a process for
submission and feedback are likely to include
guidance about the document to be submitted
with written feedback and a face-to-face meeting.
Multiple review functions within the agency will
participate in this review process. The Genomics
Group will be joined in this review function by
pharmacology/toxicology reviewers, as well as by
reviewers from clinical divisions. It is anticipated
that this could be an iterative process: the go/no
go point for this review will include an approval or
rejection of the protocol or the request for addi-
tional information before a second review cycle.

Dose-ranging study

The dose-ranging study is designed to set stand-
ards and quality control metrics for the subsequent
validation study. These would include minimal
evidence that the dose selection will have an effect
on the marker and current standards, such as histo-
pathology. Previously published studies would sug-
gest the starting doses for this study. Available data
on drug quality and formulation as well as expo-
sure would be assessed at this step. Dose multiples
would be selected through classical criteria: a low
dose close to the pharmacological dose and a high
dose with target organ toxicity confirmed by histo-
pathology. A go/no go point to proceed with the
validation study would be reached if the data
confirms dose choices and target toxicity.

Validation study

A validation study should include a compound
set with diverse structural classes sharing similar
toxicological end points. Doses for these com-
pounds should span ranges over which a range of
lesion severity will occur. The concept of valida-
tion-in-context is particularly critical in a valida-
tion study: a diagnostic biomarker where the
temporal dependence of a signal coincides with
that for the toxicological end point will require
study protocols shorter than those for a predictive
marker that may eventually be developed into a
predictive test. The validation protocol should
also include control compounds from the same
structural classes not capable of inducing lesions
in the target organ. Replicate samples are required
to allow the detection of statistically significant
differences in expression levels for genomic
biomarkers candidates. A go/no go point will be
reached if the study results confirm the proposed
mechanistic, diagnostic or predictive context for
genomic biomarker candidates.

How would a sponsor know at this stage that a
validation study has succeeded in this confirma-
tion? This is the same question that reviewers at
the agency will need to ask when results of these
studies are evaluated. A protocol designed follow-
ing guidelines outlined in the last paragraph will
probe the context in which a biomarker may be
considered valid. In the context of toxicogenomics,
a validation protocol design for a mechanistic
biomarker may focus on how changes observed in
expression levels for a genomic biomarker or
biomarker set reflect specific biological pathways
associated with the development of a lesion, and
whether these changes are also associated with the
biological mechanism-of-action of the compound
tested. Diagnostic biomarker validation in toxico-
genomics would require protocols with which to
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establish a concurrent correlation between an
established metric for damage, such as histo-
pathology, and changes in expression levels for
genomic biomarkers or biomarker sets. Predictive
biomarkers would require protocols that could rig-
orously show a correlation between the early detec-
tion of changes in expression levels and eventual
development of histopathology. It is reasonable to
expect that the complexity and cost of validation
protocols for predictive biomarkers will be greater
than those for diagnostic or mechanistic markers.

Validation study report

This report is a comprehensive summary of
study results. The report will summarize data
supporting the specificity and sensitivity of the
candidate biomarker relative to the accepted
measurement standard, such as histopathology.
It should exhaustively characterize the tissue in
which the biomarker is being validated. It should
also define in detail the diagnostic or prognostic
use of the biomarker. A go/no go point will be
reached when the sponsor considers the report is
to be ready for review by the FDA.

FDA study report review

Ciriteria for the evaluation of study results will
include the number of compounds as well as the
sensitivity, specificity and reproducibility of the
biomarker measurement. The review will be per-
formed by the regulatory team that reviewed the
study protocol proposal. This is likely to be an
iterative process: the go/no go point for this
review will include approval or rejection of the
study report or request for additional informa-
tion before a second review cycle. This step will
be completed when a recommendation is made
for classification of this biomarker as ‘probable
valid’ and for cross-validation.

Cross-validation consortium

A specific example of a validation process map for
genomic biomarkers of preclinical drug safety
assessment is likely to focus on a full validation of
the exploratory biomarker through the known
valid biomarker level. The biomarker is a success-
ful agent for change within drug development
when it is broadly accepted and used. Broad
acceptance will be encouraged by a cross-validation
at this stage, for example, supported by data from
pharmaceutical company cross-validation consor-
tia such as the Toxicogenomics Cross-Validation
Consortium organized by the Critical Path Insti-
tute [102]. In general, the cross-validation process
includes the independent validation of the pre-

clinical biomarker by two or more companies
being able to replicate the findings of the initial
report filed by the submitting party. A full report
for the results of this cross-validation will be evalu-
ated by the FDA (as in the regulatory study report

review) to assess whether the biomarkers may be

considered ‘known valid’.

Proposal for a process map for
validation of genomic biomarkers in
clinical trials

A clinical counterpart to the preclinical process
map proposal is likely to differ considerably from
the preclinical proposal. In addition, it is also
likely that there will be several clinical genomic
biomarker validation process maps, depending
on whether the biomarker is being validated as
part of a codevelopment effort or in an inde-
pendent validation effort. Hereby, it is reasona-
ble to expect that biomarkers that are being
developed during the drug development process,
and, consequently, are necessary for drug
approval, are also being validated via the drug
development process. In this case, the regulatory
agency will review the biomarker validation
package in the context of the usefulness of the
biomarker to make a therapeutic decision.

However, it is also possible that biomarkers
are developed and validated outside of a related
drug development effort. For example, the
recent evaluation of the usefulness of uridine
diphosphate glucuronosyltransferase (UGT) 1A1
genotype [8] to assess the possible risk of experi-
encing an adverse event during irinotecan ther-
apy, or genotyping of cytochrome P450
(CYP)2C9 and vitamin K epoxide reductase
complex (VKORC)1 (9] to determine an optimal
maintenance dose for warfarin therapy, illustrate
cases in which genomic biomarkers help better
guide therapy of drugs already on the market. In
this case, acceptance of a biomarker as a known
valid biomarker and a recommendation of its
use, for example, via a description of the
biomarker and its therapy-specific use in the
drug label, is likely to include an advisory
committee meeting.

The process for identifying clinical known
valid biomarkers may focus on the application of
pharmacogenomic biomarkers described in drug
labels. A list of known valid pharmacogenomic
biomarkers in the context in which their applica-
tions are specified in the labels of specific drugs is
shown in Table 2. Each row captures data from a
different biomarker context. Columns describe
context in label, drug associated with this label,
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Highlights

e The US FDA pharmacogenomic guidance defines different categories for
biomarkers, but not how to validate them.

¢ A validation process requires a consensus on an efficient and transparent
process map for genomic biomarker validation.

e Different validation process maps are likely for preclinical and

clinical biomarkers.

other drugs with similar context in their labels,
as well as references supporting each of these
label contexts. A close link with context defini-
tion in drug labels integrates this list within the
scientific and regulatory consensus leading to

drug labels.

Conclusions

The acceptance of new genomic biomarkers in
the past has been a slow and tortuous process
and a new, more formal process is needed to
accommodate the speed at which genomics is
entering the drug development process. The val-
idation of genomic biomarkers in drug develop-
the

pharmaceutical industry and regulatory agencies:

ment is particularly important for

reaching consensus on the validity of a genomic
biomarker will accelerate the acceptance of the
biomarker itself, as well as the drug development
process, helping us to bring new and better drugs
to the market faster. To achieve this goal, the
authors have proposed validation processes for
preclinical genomic biomarkers. Scientific con-
sensus over the validity of biomarkers requires an
open and active dialog between sponsors in
industry and reviewers in regulatory agencies.
The Critical Path document [104], and the ena-
bling policies and regulatory documents emerg-
ing from this effort, have set the stage for the
dialog that can lead to this consensus.

Outlook

Efforts being undertaken today will result in the
inclusion of novel biomarkers in drug develop-
ment and regulatory review, leading to more
efficient drug development processes.

Disclaimer
The opinions expressed in this publication are those of the
authors and not necessarily those of the US FDA.
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