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From Traditional Biomarkers to Transcriptome Analysis in Drug

Development
Yun-Fu Hu*, June Kaplow and Yiwu He

Human Biomarker Center, GlaxoSmithKline, USA

Abstract: Traditional biomarkers have played an important role in drug development as well as patient
care. A single traditional biomarker or surrogate endpoint is unlikely to either characterize the
complete pathophysiology of a complex disease or capture all the therapeutic benefits or potential
adverse effects that a drug will have in a diverse patient population. Transciptome analysis, on the
other hand, can provide a large-scale survey of gene expression associated with the etiology of a
human disease or pharmacological responses to a therapeutic intervention. The quantitative and
gualitative readouts can provide increased power to identify novel drug targets or biomarkers
indicative of drug safety or efficacy. Transcriptomics has positively impacted drug development and
will continue to improve the medicines of the future. Here, we describe the increasingly important roles
that traditional biomarkers and transcriptome analysis have played in various phases of drug
discovery and development as well as the opportunities and challenges that they present to the

pharmaceutical industry.

INTRODUCTION

Today, it is widely recognized that most drugs are
only effective in 40 to 60% of the patients for whom
they are prescribed, and that the potential for
adverse effects is a serious concern in drug
development. As drug development moves into the
next decade, there are increasing expectations that
medicines will be personalized with increased
efficacy and reduced risks of adverse events. As a
result, there will be pressure to intensify the search
for novel targets for drug development as well as
new biomarkers that can predict the likely response
(i.e. benefit or harm or the lack thereof) to the drug
being developed. Well suited to face these
challenges are genome-wide scanning technologies
that can be used to associate genes with a disease
or drug intervention. One such technology is
transcriptome analysis, which allows profiling of the
subset of genes transcribed in a given organism, or
the transcriptome, that provides a dynamic link
between the genome, the proteome and the cellular
phenotype. Among the extremely  powerful
technigues used in transcriptomics are DNA-
microarrays, which allow determination of the mRNA
expression level of practically every gene of an
organism.

Transcriptomics was formally introduced in the
early 1990's [1-4], and now is just one of the many
"omic" technologies introduced that allow mass
arrayed probing of multiple targets. In its infancy
there were many different materials used to "array”
and probe the transcriptome which did not provide
equivalent readouts. Present day transcriptomics has
incorporated novel advances in chemistry for both
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solid surface arrays and probes, as well as
developing a formal set of guidelines for annotation
and reporting through minimum information about a
microarray experiment or MIAME [5] thus bringing
more homogeneity to its use in clinical applications
and drug development.

In recent years, the high rate of drug attrition is
pushing up the cost of drug development, estimated
to have increased at an annual rate of 7.4% above
inflation [6]. The most costly process within drug
development and the most to suffer from attrition is
the Phase Ill "outcome" trials that evaluate clinical
benefit and safety in a disease population. Not
surprisingly, more and more  pharmaceutical
companies are taking the first steps to develop
complex drug registration packages that include
epidemiologic, therapeutic and/or pathophysiologic
data which include biomarkers and transcriptome
analyses.

A biological marker or biomarker is defined as a
characteristic that is objectively measured and
evaluated as an indicator of normal biologic
processes, pathogenic processes, or pharmaco-
logical responses to a therapeutic intervention (Table
1) [7, 8]. Zolg and Langen [9] recently characterized
a biomarker as a molecule that indicates an
alteration of the physiological state of an individual in
relation to health or a disease state, drug treatment,
toxin, or other environmental challenges. A
biomarker can be a physical or imaging
measurement (e.g. weight, color, pressure, intimal
medial thickness) or a chemical (e.g. metal) or
biological (e.g. glucose, proteins) entity.

Biomarkers that have been used extensively over
the past decades to describe both normal and
pathological conditions include: an elevated level of
urine human chorionic gonadotropin (hCG) as a
measure of normal pregnancy, a disproportional
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Table 1. Definitions of biomarkers.
Term Definition
Biomarker A characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic

processes, or pharmacological responses to a therapeutic intervention [7]

Clinical end point

A characteristic or variable that reflects how a patient feels or functions, or how long a patient survives [7]

Surrogate end point

A biomarker that is used in therapeutic trials as a substitute for a clinical endpoint and is expected to predict the effect
(i.e. benefit or harm, or its lack thereof) of the therapy [7, 8]

body weight as a primary determinant of obesity, and
increased blood pressure and cholesterol levels as
hallmarks of cardiovascular risks. Other examples of
more esoteric biomarkers include tumor size in
cancer survival, bone density in osteoporosis and
viral load in infectious diseases. Advances in
technology have allowed the incorporation of
measurements of many biomarkers in the regimen of
patient care without increased risk to patients. In
fact, there is hardly any disease from infection to
oncology that is treated nowadays without testing
"biomarkers". Some biomarkers can discriminate
normal from diseased states (i.e. diagnostic
biomarkers), while others predict the likely course of
disease progression (i.e. prognostic biomarkers) or
response to therapy (i.e. stratification biomarkers) or
drug effect (pharmacodynamic or PD biomarkers)
(Table 2). However, the most utilized application of
biomarkers is for internal decision making along the
drug development pipeline. These measurements
can provide information on optimizing dose, drug
efficacy, and helping define the patient profiles that
will benefit the most from the specific therapeutic
intervention.

Table 2. Characterization of biomarkers.

Significant correlations between biomarkers and
benefits in clinical outcomes trials that are identified
(and included in the regulatory dossiers) will be used
to build the infrastructure to enable more biomarkers
to be accepted as surrogate endpoints of
disease/benefit by the FDA and other regulatory
agencies. One such biomarker that has attained the
status of a surrogate endpoint is plasma cholesterol.
Quantitative changes in cholesterol have been used
as the benchmark for measuring increased clinical
benefit of newly introduced members of the statin

drug class (e.g. Lipitor™). AstraZeneca, Merck,
Pfizer, Bristol-Myers-Squibb, the manufactures of
various statin drugs, all conducted studies

associating the reduction of cholesterols level to the
efficacy of their drugs [10].

Transcriptomics has been widely used in drug
discovery and development to discover genes that
are associated with specific diseases, to classify
diseases, to identify drug targets and annotate gene
functions. The increased efforts by both
pharmaceutical and biotechnology industries in this
area have resulted in significant progress in the
technology developed and utilized for biomarker

Type Characteristics

Sources of Biomarkers Key Validation Requirements

Discriminate normal from a
specific disease or disease state
independent of a specific therapy

Diagnostic biomarkers

Expression analysis
Disease mechanism studies
Epidemiology studies

Correlation with a specific
disease or disease state

Predict the likely course of
disease progression independent
of a specific therapy

Prognostic biomarkers

Correlation with a clinical
outcome independent of a
specific therapy

Expression analysis
Animal models
Epidemiology studies

Identify patients likely to respond
to a specific drug or suffer from
its side-effects prior to
administration of the drug

Stratification biomarkers

Correlation with a clinical
response (benefit/harm)
upon administration of the
drug in controlled clinical
trials

Pre-clinical studies
Clinical trials
Epidemiology studies

Correlate response to a specific
drug with concentrations of the
drug or its metabolites

PD/PK Biomarkers

Correlation with the
concentration or activity of a
specific drug in animal and
human studies

Drugs or metabolites
Animal models

Monitor the beneficial effects of a

Molecular targets or downstream Correlation with the

Toxicity Biomarkers specific drug on any unintended
cellular processes, cells, tissues

or organs

Efficacy Biomarkers specific drug on the intended drug molecules concentration or activity of a
target or medical condition Clinical trials specific drug in clinical
trials with placebo controls
Monitor the adverse effects of a Histopathology Correlation with the

Clinical chemistry
Toxicology studies
Clinical trials

concentration or activity of a
specific drug in clinical
trials
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discovery. Following is an integrative description of
biomarker use in the various phases of drug
development and considerations for incorporation of
this new tool in the multiple phases of drug
development.

USE OF BIOMARKERS IN
DEVELOPMENT

Biomarkers predictive of drug toxicity or efficacy
have conceivably the greatest impact on successful
drug development. However, only a small number of
biomarkers can accurately predict clinical safety and
efficacy endpoints so as to be considered as
surrogate endpoints as defined (Table 1) [7, 8]. On
the other hand, biomarkers indicative of the
mechanism of action of drug intervention can provide
great predictive value in early drug development
even if they do not become surrogate endpoints.
The major challenge for drug development is how to
select candidate biomarkers for a compound and
differentiate  surrogates from other biomarkers.
Clearly, the choice is largely dependent upon the
stage of drug development as well as the availability
of resources. In addition, the biological materials that
can be easily obtained from human subjects
consenting to first-time-in-human trials are often
limited. Therefore, the emphasis on selecting
appropriate candidates should be heavily placed in
the early stages of the drug discovery pipeline where
both the costs of evaluating many condidate
biomarkers and the risk of moving compounds
forward that have adverse or toxic effects are
reduced. The functions of biomarkers that can be
used for pharmacodynamic evaluation, toxicology
determination, candidate selection, patient
stratification, identification of new indications for
existing drugs and even as early diagnostics or
predisposition tests to expand the drug market to
pre-symptomatic individuals can help bring clarity to
understanding the compounds being developed and
therefore significantly enhance researchers’
capability of decision making, including attrition of
drug candidates. The use of biomarkers during the
various stages of drug discovery and development
are summarized in Table 3 and described here as
examples of how transcriptome analysis may be
applied in the future to enhance the discovery and
development of novel pharmacophores.

DRUG

Pre-Development Stage

Identification and validation of a target or targets
for therapeutic intervention constitutes the initial step
in drug discovery. At this pre-development stage,
normal and pathological processes are studied at
the cellular and molecular levels, which provide a list
of potential targets. Their clinical relevance is then
established in the ensuing correlative studies, in
which the potential targets for intervention or the
molecules directly controlled by the potential targets
are evaluated along with traditional biomarkers of
diagnostic and prognostic significance. For example,
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the HER2/neu protein was initially identified as an
oncogene based on molecular studies in vitro and in
animal systems [11, 12]. Its clinical significance for
cancer was subsequently established with a
correlative clinical study, in which its overexpression
or gene amplification was linked to lymph node
involvement [13]. A cancerous lymph node is
considered a traditional surrogate  biomarker
indicative of poor patient prognosis. HER2/neu has
now become one of the most important targets for
the treatment of human breast cancer [14-16]. In
addition, it has been frequently targeted for drug
intervention along with other signaling molecules that
play important roles in the pathogenesis of human
breast cancer [17, 18].

Table 3. Utilities of biomarkers in drug development.

Stage of Drug Potential Uses of Biomarkers

Development

Pre-Discovery Study disease mechanisms

Define drug targets

Explore mechanisms of action for the
compound class

Establish structure-activity relationship

Discovery

Build pharmacokinetic-pharmacodynamic
models

Highlight mechanisms of drug action
Establish safety and efficacy end points
Guide compound selection and retention

Pre-Clinical

Demonstrate bioavailability and
bioequivalence

Determine dose response

Confirm mechanisms of drug action in
humans

Early Clinical

Define targeted population
Allow dose selection and optimization
Use for registration

Late Clinical

Allow product differentiation
Stratify patients

Monitor therapeutic response
Monitor side-effects

Post-Marketing

It has been estimated that the whole
pharmaceutical industry has so far identified only 10-
14% of the roughly 3,000 "druggable" targets
present in human genome [19, 20]. Transcriptomics
offers the greatest impact in target discovery by
profiling the expression patterns of thousands of
genes in complex biological mixtures. The clustering
profiles provide a signature that can be compared
with future transcriptome assessments establishing
association of the novel genes with the disease. In
fact, new approaches for target discovery for
oncology now are characterized by profiles using
panels of biomarkers that evolve from mainly
transcriptomic arrays [21-31 and see the papers by
Burczynski et al. Dracopoli, and Wadlow &
Ramaswamy in this issue]. For example, gene
expression profiles can not only stage and classify
breast cancers more accurately than traditional
histopathological evaluation, but can also predict
their clinical outcomes [21, 28-30], implicating the
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involvement of this collection of genes in the etiology
of the malignancy that could potentially be targeted
for therapeutic intervention. A recent large-scale
meta-analysis of cancer microarray data identified 2
common transcriptional profiles, one that is a
characteristic of neoplasms as compared to their
normal counterparts and the other that is a common
feature of various types of undifferentiated cancers
[31]. The fact that expression patterns rather than
individual genes characterize cancers attests to the
critical role that transcriptomics can play in target
identification and biomarker discovery at the
preclinical stage. With the advancement in
technologies such as proteomics and
transcriptomics, a wave of novel drug targets and
biomarkers have emerged, and their acceptance as
viable drug targets or surrogates will undoubtedly
require extensive correlation with clinically validated
and well established markers of disease. Clearly, the
validity of the target(s) and the success of the drug
development programs depend upon successful
translation of basic research findings from the new
disease profiling technologies, including
transcriptomic analysis, into discovery of targets that
can then be applied to tumor typing and eventual
stratification of patient to selected therapies.

Drug Discovery Stage

Once a drug target is associated with a specific
disease and intervention of the target is proposed to
lead to a desired change in the targeted tissues and
cells, thousands of compounds must be synthesized
and screened against the target in order to find
compounds with the desired biological and
pharmacological properties. Targets associated with
mechanisms of drug action are often used in these
initial  high-throughput  biological assays. For
instance, inhibition of kinase activity is measured
during screening for potential kinase inhibitors
instead of cell growth or proliferation rates, which
may be used later to further characterize the activity
of the selected lead compounds. Measurements of
clinical endpoints or surrogate endpoints are
invariably impractical and unnecessary at this point in
the drug progression pipeline. However,
understanding of the role of targets in disease
pathology and their interactions with  other
biomolecules, including nucleotides, proteins and
carbohydrates, is critical in the discovery of the lead
compounds for further development based on the
chemical structures and their biological activity
relationships.

Pre-Clinical Stage

The development of new drugs requires a full
understanding of the potential toxicity, safety, and
pharmacokinetics of these new agents in animal
models prior to entry into man. Pharmacologic and
toxicological effects of the new drugs on virtually all
body systems must be documented. In addition, the
carcinogenic potential of the new drug and its

Hu et al.

potential hazard to reproductive function and fetal
development need to be determined in long-term
studies. Initial toxicity evaluations follow
administration of a single dose of the new drug,
while subsequent tests involve multiple doses over
longer periods of time. In general, tissues, organs
and blood components from 2 or more animal
species, including one rodent and one non-rodent
species, are evaluated to establish the profiles of
general and end organ toxicity in relationship to
dose. In such typical preclinical animal studies, both
the compounds under development and their
metabolites are also measured to establish when
and how the drug may be changed or eliminated in

the body. In addition to these traditional
assessments, novel cellular transcriptome-based
methods are also being employed to evaluate

downstream toxicity and pathophysiological changes
induced by in-life-testing phases of the candidate
drugs. Laser capture microdissection (LCM) followed
by cell specific transcriptome analysis of selected
organs/cells will expand the survey of efficacy, drug
toxicity and increase surveillance of organ damage
at an earlier stage of the pipeline than allowed by
traditional biomarker readouts based on standard
pharmacokinetic/pharmacodynamic (PK/PD)
relationships. LCM and similar tools will help to pick
the winners as we move from preclinical arena into
the clinic.

Drug side-effects are common problems usually
identified in longer term/repeat dose studies, but the
mechanisms responsible for diversity of drug
toxicities are largely unknown. The use of novel
genomic approaches (e.0. transcriptomics,
proteomics) to define the molecular profiles
associated with adverse effects of a compound has
created a new multidisciplinary science in
toxicogenomics [32-36]. It greatly facilitates the
identification of novel biomarkers for predictive
toxicology and mechanism-based risk assessment.
New biomarkers of drug toxicity and their underlying
mechanisms can be uncovered by examining
changes in gene expression profiles in cells or
tissues in response to the drug. The potential for a
new drug to be toxic may be predicted based on the
similarity of the pattern of gene expression changes
that it elicits in in vitro or in vivo systems to those
identified for a wide variety of toxic compounds.

Toxicogenomics is rapidly becoming a standard
analysis in toxicology studies, and could impact all
stages of drug safety evaluation. It also has the
potential to identify and characterize the molecular
mechanisms that lead to drug-specific toxicity in
animals and humans so one can extrapolate the
toxicity results from animals to humans and reduce
numbers of adverse drug effects [37]. It s
conceivable that molecular biomarker profiles or
signhatures could be increasingly used to support and
eventually to supplant the laborious and subjective
histopathology evaluation of the safety of a
developing compound. Undoubtedly, continuing
progress in analysis and validation of gene profiles in
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response to various drugs or toxins will help to
realize the full potential of toxicogenomics in drug
safety assessment.

It should be pointed out that while approximately
16% of drugs under development fail due to adverse
effects, many more (46%) fail in clinical development
due to lack of efficacy [38]. The fundamental
question for the development of any drugs is
whether the drug is efficacious for the intended
indications at tolerable doses. An earlier and clearer
answer to this question poses the most serious
challenge to the pharmaceutical industry, who can
neither afford to further develop a drug with little
efficacy, nor justify premature termination of a
potentially effective drug. Therefore, incorporation of
mechanism-based PD biomakers indicative of the
impact of new drugs on the molecular target for
intervention would provide early evidence of
purported efficacy in relation to the kinetics, safety
and toxicity of the drugs. Tomaszewski [39] recently
provided such an example in which the development
of a proteasome inhibitor PS-341 (Velcade™)
benefited greatly from the use of 20S inhibition
assay in white blood cells as a mechanism-based
efficacy biomarker.

Transcriptomics may also play a small predictive
role in identifying the most efficacious drug
candidates and teasing out appropriate drug
combinations based on their gene expression profile.
For instance, many pharmaceutical companies
including Pfizer, GlaxoSmithKline, Merck and others
have ongoing transcriptomic studies to correlate
gene expression with drug activity of a broad range
of compounds. Examples include Microcystin-LR,
Carbon tetrachloride, and Etopside at Pfizer [40],
clofibrate and 3-Methylcholaanthrene at Merck [41]
and Interferon-a at Roche [42]. Similarly, the
National Cancer Institute of the National Institutes of
Health has profiled the gene expression patterns of
60 human cancer cell lines in response to 1400
compounds in an effort to establish the molecular
mechanisms of sensitivity or resistance to the clinical
agents such as 5-fluorouracil and L-asparaginase
[43]. In addition, drugs, which act cooperatively,
synergistically or antagonistically on certain critical
targets that will effect patient treatment and welfare
(i.e. liver function tests), can be probed with
transcriptomics analysis technologies in preclinical
model systems. Undoubtedly, predictive knowledge
before launching large phase clinical trials would
enable the best compound in a series to be
identified earlier in the clinical development plan,
thus culling out those with potential negative effects
when  administered  with  other  concomitant
medications.

Early Clinical Stages

Initial introduction of an investigational new drug
into a small number of patients or healthy volunteers
in Phase 1 clinical trials (i.e. first-time-in-human or
FTIH and subsequent clinical pharmacology studies)
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allows evaluation of its tolerance at different doses,
definition of its pharmacologic effects at anticipated
therapeutic levels, and establishment of its
absorption, distribution, metabolism, and excretion
patterns in humans. Along with the determination of
the pharmacokinetic and pharmacological effects of
the drug, the mechanism of action of the drug in
humans may also be evaluated to gain early
evidence on its effectiveness. The ensuing early
controlled Phase 2 clinical studies (i.e. lla, IIb), with
typically no more than several hundred subjects, will
determine the efficacy of the drug for a particular
indication or indications in patients with the disease
or condition as well as the common short-term side
effects and risks associated with the drug.

The most widely used biomarkers in these first set
of assessments in patients include safety parameters
such as heart rate, blood pressure, electrocar-
diogram parameters, clinical chemistry, hematology,
coagulation markers, and the plasma concentrations
of drugs and their metabolites to document the rate
of absorption and excretion from the body. These
safety and PK parameters establish the duration of
exposure to the drug and serve as a guide for safe
dose selection and escalation. These assessments
also help to establish bioavailability = and
bioequivalence profiles of the drug in any new form,
such as in a new formulation (e.g. composition of
inactive excipients, flavoring or coloring), as well as
evaluation of new doses or new routes of
administration (e.g. from injection to oral dose form).

The more recent trend in the pharmaceutical
industry to develop “targeted therapies” significantly
increases the needs to acquire such understandings
of biomarkers and their therapeutic relevance. The
discovery of the important roles of members of the
human epidermal growth factor receptor (EGFR)
family of transmembrane tyrosine kinases in a
number of solid tumors results in a series of new
targets. Many pharmaceutical companies are
targeting EGFR kinases to develop treatments for
such tumors including breast cancer and non-small
cell lung cancer [14-16,44-47]. In addition, bioma-
rkers that identify the patient population that will
benefit from the targeted therapies (targeted
population) are also essential to assure the success
of such therapies.

Biomarkers of potential use for stratification of
patients include the target receptor or enzyme for
drug intervention and modalities that can confer
resistance to the drug. For example, HER2/neu
overexpression or gene amplification was a part of
the eligibility criteria for clinical trials on traztusumab,
a humanized monoclonal antibody against
HER2/neu that has been subsequently approved for
the treatment of metastatic breast cancer [14-16].

However, one should be mindful of the risks
associated with the wuse of the targets as
stratification biomarkers. For instance, Iressa, an

inhibitor of the EGFR, was developed for the
treatment of human non-small cell lung cancers that
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frequently overexpress the receptor tyrosine kinase
[44-47], but tumor response to Iressa is not
predictable based on tumor EGFR membrane
staining alone [48]. Use of the target for patient
stratification would have never allowed the
development of estramustine, one of the most
effective  prostate cancer therapies that was
designed as an alkylating agent targeted at
estrogen receptors (ER), but actually exerts its
antitumor effects via ER-independent antimitotic
activity [49]. Similarly, BAY 43-9006, a new drug
candidate designed as a Raf inhibitor, has been
shown to inhibit not only cell proliferation mediated
by the RAF/MEK/ERK pathway but also tumor
angiogenisis mediated by VEGFR-2 and the PDGFR
tyrosine kinases [50]. Thus, analysis of Raf inhibition
may not truly reflect the antitumor potential of the
drug candidate.

Traditional biochemical biomarkers of potential
use for monitoring patients on therapy are generally
molecules downstream from the target for drug
intervention (e.g. cholesterol for statins [51-53]) or
surrogate endpoints of a clinical outcome (e.g. CD4
counts in HIV infection [54, 55]). New biomarkers
may also come from enhanced use of both invasive
and non-invasive imaging tools in clinical patient
assessments. Multiple imaging modalities have been
implemented to monitor the responses to therapeutic
interventions in patients with coronary atherosclerotic
disease [56-58], multiple sclerosis [59], solid tumors
[60] and pain [61, 62], among others [63]. Thus,
both biochemical and imaging biomarkers may help
to expand the list of surrogate biomarkers.
Appropriate use of validated surrogate endpoints
that can predict clinical benefit could expedite the
clinical trials by shortening the duration that patients
have to be monitored.

All drug companies face dilemmas concerning the
utility of biomarkers in early clinical studies. On one
hand, research at the pre-development and pre-
clinical stages could provide a list of candidate
biomarkers for stratification of patients based on
efficacy or safety concerns or for monitoring of
patient response based on the mechanisms of
action. On the other hand, few, if any, of these
biomarkers may have been causally associated with
drug efficacy or safety in humans. Incorporation of a
large number of poorly validated putative biomarkers
in early clinical trials adds to the cost of the trials and
could be futile if the drug fails to demonstrate
adequate activity. Inclusion of large survey tools like
microarrays may provide a better means of
exploration of putative biomarkers for downstream
success but should be limited to developmental,
preclinical and early clinical trials due to the
exponential nature of the data produced by the
analysis. As a result, companies and regulatory
agencies still favor clinical endpoints or surrogate
endpoints at these early clinical stages, and nearly
all biomarkers that are tested after treatment in these
early clinical studies are used to correlate with the
probability or magnitude of a drug response.
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However, early clinical trials are ideal settings to
explore biomarkers in relation to safety and efficacy
for a number of reasons. First of all, any biomarkers
that show a correlation with safety or efficacy could
eventually serve as surrogate endpoints, which can
then be used for future large-scale clinical trials to
speed up the trials and reduce the costs. Secondly,
biomarker testing, which would otherwise be deemed
as unnecessary after demonstration of activity, could
also facilitate future large clinical trials. For instance,
somatic mutations in exon 19 of EGFR observed
after demonstration of efficacy of EGFR tyrosine
kinase inhibitors (e.g. gefitinib and erlotinib) [64, 65]
could help identify a population that is most likely to
respond. Furthermore, even biomarker testing in
failed clinical trials could perhaps provide an
explanation for drug failure and help to better design
future drugs. Finally, a genetic predisposition such
as a single nucleotide polymorphism may not be
considered as a biomarker by Zolg and Langen [9],
but it certainly offers an opportunity to identify
populations more likely to benefit from treatment with
a particular drug or more prone to suffer from serious
side-effects. Ideally, it is recognized that such
exploratory clinical studies may be conducted
independently to identify and validate biomarkers, in
particular, if tool compounds are available.

Later Clinical Stages

Expanded controlled and uncontrolled Phase 3
trials are required to collect the additional information
about effectiveness and safety that is needed to
evaluate the overall benefit-risk relationship of the
drug for specific and expanded indications and
provide an adequate basis for extrapolating the
results to the general population. At this stage,
incorporation of validated surrogate biomarkers for
the stratification and monitoring of patients may
contribute to the most significant cost-savings in drug
development. In addition, the cost to incorporate
transcriptomics, as done presently, would be
prohibitive at this point. However, all surrogate
endpoints will require clinical validation, preferably
from  prospective randomized clinical trials
incorporating  untreated  control  groups, and
regulatory approval. Approval of a biomarker as a
surrogate endpoint is typically derived from a large
database across multiple phase 3 clinical trials and
validated by large scale epidemiology studies. A
common characteristic of all surrogate endpoints is
their broad and robust applications. For instance,
both the American Cancer Society and the American
Urological Association recommend annual testing of
serum prostate-specific antigen (PSA) for all men
over age 50 and for those at a higher risk over age
40 such as African Americans and men with a strong
family history of prostate cancer [66]. PSA can not
only be used for early detection (screening) and
prognosis of human prostate cancer, but it can also
be employed to monitor real-time responses to
various therapeutic interventions [67-69]. In fact, the
FDA has approved several PSA tests for monitoring
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recurrence of prostate cancer in men being treated
for the disease since 1985. Furthermore, it can serve
as an intermediate surrogate indicative of the
effectiveness of treatments in chemopreventive trials
[70], which would otherwise take much longer and
cost much more to complete. Examples of other such
surrogate  biomarkers that have been used
successfully to expedite clinical trials in their
respective disease areas include bone mineral
density or bone turnover markers in osteoporosis
[71-75], blood glucose or glycosylated hemoglobin
levels in diabetes [76-81], cholesterol levels in
cardiovascular diseases [51, 52, 82-85], CD4 counts
in HIV infections [54, 55, 86, 87].

Marketing Stage

Biomarkers can be very valuable in the diagnosis
and prognosis of a medical condition for which a
specific therapy is intended. The American Society of
Clinical Oncology provides clinical practice guidelines
for the care of patients outside of clinical trials which
include the use of tumor marker tests in the
prevention, screening, treatment, and surveillance of
breast and colorectal cancers in [88]. For instance,
HER2/neu overexpression and hormone receptor
status (i.e. estrogen receptors and progesterone
receptors) are evaluated on every primary breast
cancer either at the time of diagnosis or at the time
of recurrence to identify patients most likely to
benefit from monoclonal (i.e. trastuzumab) or
endocrine (e.g. tamoxifen) forms of adjuvant therapy
and therapy for recurrent or metastatic disease. More
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Discovery
Lead Candidate Assay

Development
Preclinical evaluation
Biomarker Validation
Investigational

New Drug
Test Development
Phase |
Clinical Validation
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New Drug Application . .
Diagnostics

=)

Drug Marketing

Figure 1. Parallel Paths of Drug Development (left column)
and Biomarker Development. (right column).
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importantly, fully developed tests for clinically
validated biomarkers will help doctors to identify
those patients with the maximum benefit-risk ratios
and to monitor their responses over the course of
the treatment. For instance, a simple measurement
of cholesterol level in the blood enables doctors to
identify those at risk for cardiovascular diseases and
to prescribe cholesterol-lowering drugs. A series of
subsequent measurements of the cholesterol levels
will allow doctors to monitor the effectiveness of the
prescribed drug and, if necessary, change the
course of treatment. In the case of HIV patients
undergoing cocktail therapy, the viral load test and
viral mutation test will allow physicians to monitor
potential drug resistance to therapy and adjust the
“cocktail” accordingly [87].

It should be pointed out that tests for biomarkers
critical for patient management require regulatory
approval and development of the tests often involve
partnership with specialized diagnostic companies.
Many pharmaceutical companies still face the
challenge  of incorporating development  of
biomarkers into the drug development paradigm
(Figure 1). In addition, the number of tests with
regulatory approval is also very low and insufficient
to meet the demand for such tests.

BIOMARKER
PERSPECTIVES

The potential impact of biomarkers in drug
development is enormous. Biomarkers will play an
increasingly important role in all phases of drug
development from identification of "druggable"
targets in discovery, to earlier and robust
measurements of drug safety and efficacy in
preclinical studies through clinical trials (Table 3) [89].
However, development of biomarkers carries some
inherent challenges. For instance, use of biomarkers
to stratify patient populations according to the
likelihood of a positive drug response or occurrence
of unwanted side effects should expedite clinical
trials by eliminating those patients with undesirable
profiles. But it could also potentially reduce the
accessibility of the drug to those patients with unmet
medical needs that may have benefited from the
treatment even in the absence of the “desired”
biomarker profile. The invisible hand behind the drug
development economy will only reward such a
“personalized treatment” approach that is affordable
and acceptable to the society. It also remains
unclear how biomarker data will benefit regulatory
filing for a new drug. In fact, pharmaceutical
companies may even be reluctant to collect
biomarker data, which could lead to delays in
regulatory decisions or restrictions in labeling [90]. In
addition, since identification and validation of
biomarkers along with development and validation of
biomarker assays is a lengthy and costly process
(Figure 1); Table 4) [63, 89, 91], development of
biomarkers by one company could offer shortcuts to
its competitors. Interested parties will have to

ISSUES AND FUTURE
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Table 4. Biomarkers development issues.

Stages Major Issues
Biomarker Molecular profiling — experimental design
Discovery and data interpretation
Imaging biology — throughput and cost
Biomarker validation — epidemiology studies
Prototype Assay development — platforms, reagents,
Development protocols

Analytic validation — sensitivity/specificity
and alpha-site testing

Biomarker Test
Development

Production — process standardization and
quality assurance

Clinical validation — clinical trials and beta-
site testing

Marketing — registration

establish some “rules” of the game that provide
incentives for such biomarker discovery, and may
need to construct a consortium of biomarkers across
a broad alliance with industry, academic institutions
and government agencies. In addition, even
generally accepted surrogate endpoints are unlikely
to capture all the therapeutic benefits and potential
adverse effects a drug will have in a diverse patient
population [63]. For instance, pravastatin therapy
lowers cholesterol levels, but measurements of
cholesterol levels alone would underestimate its
therapeutic benefit in reducing myocardial infarction
risk [92]. Accordingly, combinations of biomarkers,
such as patterns or signatures of gene expression
as determined by transcriptome analysis, will
probably be needed to provide a more complete
characterization of the spectrum of pharmacologic
responses. Realization of the full potential of
transcriptome analysis, however, requires improved
standardization of platforms and  protocols,
expanded functional annotations for many genes,
and a better understanding of the
pathophysiological or pharmacological relevance of
the observed transcriptional alterations in the context
of disease progression or therapeutic intervention
[93]. In the future, pharmacogenomic approaches,
including those based on differential expression of
gene arrays, in combination with other biomarker
discovery technologies such as proteomics and other
“omics” (see article by Bilello in this issue), will provide
panels of relevant biomarkers that can be expected
to transform the drug development process. The
general acceptance of clinically validated biomarkers
as surrogates of disease management and
therapeutic benefit by the regulatory authorities will
be the most critical step leading towards this
transformation.
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