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Molecular diagnostics uses molecular signatures for disease identification,
monitoring treatment effectiveness and even predicting a patient’s response
to a new treatment. It may offer the opportunities of understanding the
underlined biology of disease, the development of highly targeted individu-
alized diagnostics, and the selection of most effective therapy for patient.
As a vast majority of pharmaceutical companies focus on the development
of targeted therapy, biomarkers and pharmacogenomics are crucial in drug
development and regulatory decision making. Discoveries in the fields of
biomarker identification and pharmacogenomics are leading healthcare
workers and pharmaceutical companies to a new middle ground in drug
and diagnostics development. This is the area of a new form of healthcare
development called theranostics. Theranostics can be defined as using di-
agnostic testing to
identify the disease,
. select a treatment
Theranostics can be defined as regimen, and moni-
using diagnostic testing to iden-
tify the disease, select a treatment
regimen, and monitor the response
of the patient to therapy. Itis a
therapy with a companion diagnos-
tic linked by underlying cause and
effect.

tor the response of
the patient to ther-
apy. It is a therapy
with a companion
diagnostic linked
by underlying cause
and effect. Essen-
tially, the same tests
that researchers
developed to understand disease pathology and the effect of a new drug are
being used to monitor how the drug works in patients to bring them back
to health. Recent advance in testing technology and genome informatics has
accelerated the speed of developing molecular diagnostic test, which could
not only expedite the development of drugs but could also decrease the at-
trition rate. Stratification of the population based on predictive biomarkers
could increase efficacy and safety of drugs developed for targeted popula-
tions. A well-known case of such co-development is Herceptin (trastuzum-
ab) by Genentech (www.gene.com) and the HER-2 test by Dako (www.da-
kousa.com). Overexpression of the HER-2 receptor is linked to decreased
patient survival. Herceptin was approved in 1998 to treat metastatic breast
cancer in patients who overexpressed HER-2 protein. Its FDA approval was
dependent on the concomitant approval of a diagnostic immunohistochem-
istry (IHC) assay of HER-2 protein level. Another example of theranostic
development is LpPLA2 (lipoprotein-associated phospholipase A2) im-
munoassay developed by diaDexus (www.diadexus.com) and approved for
predicting the risk of heart disease and isechemic stroke. GlaxoSmithKline
(www.gsk.com) is developing a small molecule designed to inhibit this en-
zyme, thus reducing the risk of adverse cardiovascular events.

Big pharmaceutical firms and biotechnology companies with drug and di-
agnostic kit development arms, such Roche (www.roche.com) who has both
Pharmaceutical and diagnostic divisions, are the early adopters of theranos-



tics development. As with any new business model, for the
most part, the industry seemed to lag behind. It is because
although the test offers the opportunity to distinguish the
drug from its competitor by increasing its efficacy, it can also
reduce the market share of the drug, In addition, due to the
complexity of disease biology, the test is often not 100% spe-
cific and sensitive to the drug. However, the FDA views the
theranostic drug and test co-development as the Holy Grail as
personalized medicine. In 2005, FDA released a draft prelimi-
nary discussion document entitled “Drug-Diagnostics Co-De-
velopment Concept Paper” that offers the organization’s initial
thoughts on this subject. The document is designed to elicit
comment from the public, which the FDA will use to eventu-
ally draft guidelines on development and testing. Throughout
the document, the authors make it clear that the diagnostics
development process should occur as eatly as possible in the
drug development process. Recently, there is a significantly
increased amount of activities in co-development of drug and
test. At a conference on personalized medicine at Harvard
Medical School in October 2007, Felix Frueh, head of the
FDA’s Interdisciplinary Pharmacogenomics Research Group,
noted that co-development of drug and test was happen-

ing as we speak. He mentioned the outlook of companion
diagnostic in Ventana (www.ventanamed.com) which included
164 targeted oncology programs, 105 companion diagnostic
candidate programs. In the same month, the Critical Path
Institute (www.c-path.org), a publicly funded non-profit and
FDA sponsored initiative, announced its collaboration with
Ventana for submission of a lung cancer test on Benchmark
XT, an automated tissue testing platform that assesses protein
expression by immunohistochemstry and gene amplification
by in situ hybridization. The test is used for the C-Path EGFR
project. The real driver of theranostic development is the
progress made in recent years in medical science of undet-
standing disease and its therapeutics. It become unavoidable
for pharmaceutical companies to incorporate a strategy of co-
ordinate the development of a drug with the development of
a test when a biomarker appears to be useful tool to determine
efficacy and/or safety in a sub-population.

The challenges of co-development of theranostics, however,
are daunting. There are many assumptions. First, at the level
of science, there are an estimated 30,000 human genes, only
a small fraction of them are studied and understood at a
functional level. It is assumed that reliable biomarkers will be
identified in each of the scenarios for each disease, and that a
reliable association can be established between the molecular
target and the biomarker. However, in most cases, identify-
ing disease-associated biomarkers could potentially take many
years. In his recent review article in the journal of Expert
Review of Molecular Diagnostics, Dr. Malcolm Warld sum-
marized biomarker research in association with Alzheimer’s

disease (AD), a horribly debilitating disease that will increase
in prevalence as the populations of the USA and Europe
continue to age. It is expected that the USA alone will see
some 16 million cases by 2050. Despite of many year’s world-
wild research, there is still no cure for the disease and early
diagnosis is all but impossible. There is a need for biomarkers
associated with AD to aid the diagnosis of this disease and to
detect progression. Especially needed are biomarkers to moni-
tor the effect of new drugs and therapeutic strategies as they
are developed. Second, at the level of development process
of theranostics, standardized methods for validation processes
will have to be developed for both the biomarker and diag-
nostic over time, particularly as different candidate biomarkers
for the same disease are identified. Then, it is assumed that a
targeted therapeutic that is both safe and effective in an eco-
nomically sustained sub-population of the disease can be de-
veloped or identified, approved, manufactured and distributed.
Eventually, the long-term efficacy of the targeted therapeutic
will have to be established. Lastly, at the level of clinical utility,
standardized methods will need to be adapted and, in some
cases newly developed, to compatre the incremental value of
the targeted diagnostic and companion therapeutics to those
alternatives which already exist before clinicians prescribe or

health plans pay.

Implementing theranostics is extremely challenging. First, it
poses considerable economic challenges for industry stake-
holders. For example, current health care reimbursement mod-
el encourages drug developers to concentrate on developing
blockbuster drugs, rather than multiple small-batch therapeu-
tics. It is also believed that inadequate reimbursement is argu-
ably a key reason that companies are not developing diagnostic
products. Additionally, funding from government sources is
shrinking, directly impacting academic medicine, which fields
most of studies for biotech and pharmaceutical companies.
The commercial future of theranostic may depend, in part,

on whether manufactures decide that there is enough financial
benefit from therapies that help only small segments of peo-
ple. Second, from regulatory perspective, the process and the
timelines for drug development and test development are very
different, which present another challenge for developing ther-
anostics. The average timelines involved in developing a drug
(10-15 years) and an assay (3-5 years) are our of sync, there is
a clear discrepancy between the development times, naturally,
this also poses a challenge on the strategy of co-development.
The key to success is to integrate these two very different
complex processes of drug and device development. There

is still no proven development pathway for FDA approval of
the necessary companion diagnostic tests and their associated
targeted therapies. One needs to develop strategies to coor-
dinate the development of a drug with the development of a
test when a biomarker appeats to be a useful tool to determine
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efficacy and /or in a subpopulation. Recently, NCI and FDA
held a workshop on development of markers for clinical deci-
sion-making with the goal of formulating a set of recommen-
dations that will assist investigators in optimizing the process
for predictive biomatker development and/or co-development
of drugs and devices. Third, the clinicians are expected to be
resistant to the routine use of pharmacogenomics in medi-
cal care. Clinical phase of drug development program will
provide evidence of clinical utility of the diagnostic test, claim
for test would be for use with drug, drug cross-labeled for use
with diagnostic will be required. Adoption of theranostic will
represent a major change for the provider community, thus, it
will take time.

These challenges of implementing theranostics are far too

big for any one individual or corporation to address. Solving
them will require collaboration across traditional health care
industry stakeholders including diagnostic companies, pharma-
ceutical companies, healthcare providers and payers with the
government including regulatory agencies. Recently, the Criti-
cal-Path Institute (www.c-path.org) received a $2.1 M award
from Arizona State to work with FDA and NCI to develop
standards for evaluating companion diagnostics and drug
submissions. The industry must collectively address two major
issues that will impact the development and adoption of ther-
anostic: the need for education and the need for better align-
ment between the economics and the science. Currently, the
average clinician or average patient does not completely under-
stand theranostics at the level of sophistication they will need
to fully participate in a genomic future. Educational program
should address to wide audience, including clinician scientists,
legislators, public health officials, regulators, the FDA regula-
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tors, health care professionals, providers, payers and patients.
The clinician scientists should design the appropriate clinical
trials to validate novel diagnostics and therapies that can be
adapted to a subgroup of patients. The legislators and public
health officials need to understand how to cortically interpret
studies and to be prepared to shape legislation to balances the
needs of individuals and society. The FDA regulators need to
understand the new technology in order to enforce the regula-
tion for public protection. Physicians need to administer the
test and understand the results, then prescribe the therapeu-
tics. Payers need to decide how to reimburse. Patients need

to understand the associated risk and benefit of theranostics.
Educational efforts among professionals and the public will
be required to drive adoption, implementation and use of

the theranostics. The other more difficult issue to resolve is
the alighment of economics and science. Progress in targeted
therapies comes at a cost and that cost requires investment

by life sciences and health care community. Finding ways to
define the value and return of targeted therapies should be a
primary focus for healthcare industry. In order for the science
and economics to come to together, there need to be proper
incentives in place and aligned across the life sciences and health
care value chain, for examples, payers must be convinced that
the incremental improvement to the quality of care over time
by theranostics justifies the investment; spending on diaghostics
is worthwhile for pharmaceutical company; and patients see the
value in assuming a greater cost of routine care.

We are at the beginning of theranostics. Matching therapy with
diagnostics is science driven and a paradigm change. It requires
collaboration across all stakeholders in the industry to reach the
ultimate goal of improved healthcare of each individual.



