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Shifting emphasis from pharmacogenomics

to theragnostics

Vural Ozdemir!?, Bryn Williams-Jones?, Stephen J Glatt*, Ming T Tsuang?, James B Lohr>*> & Christopher Reist!?

What will be the role of theragnostic patents in upstream and downstream biomarker research?

harmacogenomics aims to identify the

genetic basis of variability in drug efficacy
and safety, and ultimately develop diagnos-
tics that can individualize pharmacotherapy.
Theragnostics, a term denoting the fusion
of therapeutics and diagnostics, is receiving
increasing attention as pharmacogenomics
moves to applications at point of patient care.
In contrast to pharmacogenomics, theragnos-
tic tests focus not on a singular marker set,
such as genetic polymorphisms, but rather on
the integration of information from a diverse
set of biomarkers (e.g., genomic, proteomic,
metabolomic).

Although it remains to be seen whether
theragnostics reflects a form of hyperbole in
biomarker research, it is grounded in both
established (e.g., genomics) and exploratory

offer, respectively, mechanistic and heuristic

l, .I (e.g., metabolomics) technologies that can

= insights for therapeutics (Fig. 1). Recent social

science analyses suggest that in some cases, bio-
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hype can be an integral component or driver
for the establishment of biotechnologies, par-
ticularly in the early stages of development of
anew concept or idea!™. The synthesis of both
types of technologies (established and explor-
atory) will likely have a differential impact
on the regulation and economic promise of
pharmaceuticals developed under the over-
arching theme of theragnostics. Moreover, we
suggest that advances in this field may shape,
in potentially unexpected ways, the pursuit of
theragnostic patents depending on whether
the research is conducted in an upstream drug
discovery—oriented context or towards down-
stream point-of-care applications®”’.

As biomarker applications move towards
point-of-care to individualize drug therapy,
a number of qualitatively different concerns
arise relating to gene patents and ethical and
therapeutic policy aspects of theragnostic test-
ing®®?. For example, a fear is that theragnostic
tests could be adopted without regard for the
particular research context in which they are
being applied, or be understood as a homoge-
neous category, a ubiquitous set of biotechnol-
ogies with similar implications for therapeutic
policy®*11, In effect, this may result in a pre-
dicament where the patents on biomarkers are
conceptualized in a one-size-fits-all manner (as
in drug prescriptions) thereby precluding the
equitable implementation of emerging bio-
marker technologies and informed critique
of their societal implications. Additionally, the
effects of theragnostic patents on ‘knowledge
commons’—that is, a space (usually in uni-
versities) where knowledge is shared without
undue restriction—have not been adequately
evaluated!!-13,

In the present analyses, we ‘unpack’ and con-
trast the motivations at play that are driving the
pursuit for theragnostic patents and its bioethi-
cal corollaries in: (1) fundamental upstream

basic research oriented to the discovery of
genes for human diseases; and (2) downstream
clinical applications at point-of-care as ther-
agnostic tests to stratify patient populations
for individualization of pharmacotherapy. We
emphasize the need for integration, as well as
the risk for excessive compartmentalization, of
various biomarker technologies, and evaluate
the subtle distinctions between DNA- and pro-
tein-based theragnostic tests.

Upstream drug discovery research and
theragnostic patents

The search for genetic determinants of com-
mon complex human diseases reflects one of
the pivotal upstream applications of phar-
macogenomics. As DNA samples are being
increasingly archived in pharmaceutical
clinical trials, a sizable proportion of research
resources are devoted to identifying the genes
causally related to human diseases*. For many
rare congenital monogenic human diseases
(e.g., Duchenne muscular dystrophy), pre- or
postnatal cytogenetic analysis of chromosomes
or conventional clinical chemistry tests have
existed for several decades. More recently, high-
throughput genomic technologies spun off
from the Human Genome Project (HGP) and
the decreasing cost of genotyping have made
possible the adoption of molecular genetic
tests that can pinpoint the precise etiology or
predisposition for a few adult-onset human
diseases such as Huntington disease, certain
familial forms of breast cancer, and Alzheimer
disease'®. While genetic tests hold the promise
of a more rational clinical forecast and man-
agement of disease risk in the future, they are
also raising concerns about the provision of
public healthcare services (reduced access) and
the impact of market forces on the products
of research (commercialization of technolo-
gies) and academic freedom. Some of these
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Figure 1 Hierarchy of biomarkers and their integration into theragnostic tests, from gene sequence
(upstream or static marker) to downstream (dynamic) markers on gene and protein expression or
cellular metabolites. A theragnostic profile is depicted as a synthesis of various biomarker tests that
characterize an individual patient and her/his drug treatment outcome. The theragnostic profile may be
heuristic in nature when only a singular biomarker is associated with treatment outcomes while more
mechanistic insights can be achieved when biomarkers from different levels of the biological hierarchy

concerns have crystallized around the issue of
commercial genetic testing for disease risk, as
exemplified by the case of testing for hereditary
breast cancer (BRCA testing)'>.

In the mid-1990s, two genes (BRCAI &
BRCA2) that greatly increase the risk for
hereditary breast cancer were identified and
sequenced. The BRCA genes were given broad
patent protection in the US (and subsequently
internationally in Canada, Europe, Australia,
etc.), and granted to the biopharmaceutical
company Myriad Genetics (Salt Lake City, UT),
which had been involved in much of the initial
research. This strong intellectual property pro-
tection has allowed Myriad to effectively con-

la.l trol the BRCA testing market in the US; the
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commercial BRACAnalysis test is available only

= from Myriad or their licensees. Most recently,
Myriad has licensed their test to San Francisco-
based DNADirect, in order to provide services
direct to consumers!®.

Basic research into the function of the
BRCA genes or resulting proteins would be
permissible without infringing on Myriad’s
patent rights, although there is still contention
about what precisely constitutes basic research
exclusions!”. Myriad has, for example, signed
agreements with the US National Institutes
of Health and National Cancer Institute to
provide sequencing at cost (US $1,200) for
research purposes's. However, research that
results in a commercial or clinical service,
defined by Myriad as any research in which a
fee is charged for testing or in which results
are provided to patients, would infringe on
their patents. Notably, technology assessment
research by third parties, for example to evalu-
ate test performance metrics such as sensitiv-
ity, specificity, or positive predictive value, is

particularly jeopardized. Moreover, research
aimed at comparing the BRACAnalysis test
against other testing methodologies would
prove difficult, as the clinical nature of such
a trial would constitute an infringement on
Myriad’s patents. Hence, the BRCA patents give
Myriad the ability to constrain research-ori-
ented applications of BRCA patents and par-
ticularly head-to-head comparisons of which
genotyping methodology or test product is
most informative for clinical management of
the susceptibility to breast cancer.

In part due to Myriad’s broad patent rights
and the attendant concerns to ensure patients’
access to affordable genetic testing for breast
cancer risk, the European BRCA patents have
been constrained or not enforced in recent
years'>1%. In some sense the Myriad case may
be thought of as an extreme scenario, and one
from which industry and governments have
learned. One specific consequence is that the
initial enthusiasm for granting such broadly
defined upstream patents on any and all forms
of biological material has waned due to con-
cerns for public good and scientific progress.
More generally, there is a growing awareness
that patents on genes and other biological
materials can have an unfavorable effect on
downstream genetics research and knowledge
commons!'®2%, Thus, without an adequate
conceptual framework on patents relating to
theragnostic technologies, upstream patents on
potential drug target genes or genetic meth-
odologies for molecular definitions of human
diseases (as in familial breast cancer) may lead
to a monopoly on theragnostic tests. This may
also dissuade some research laboratories from
investigating otherwise potentially promis-
ing lines of inquiry for technology transfer
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towards downstream theragnostic products in
the clinic?’. The Myriad patent case remains
relevant since, in part, the current trends at the
US Patent and Trademark Office (USPTO), and
in patent offices in other countries, to grant
more narrowly defined patents on biological
materials were driven by this case?!. According
to some commentators, “No other event has
had as big an impact on the human gene pat-
ent debate...and the case [Myriad] has thus
become a ‘harbinger’ of the policy challenges
created by gene patents”?!,

More recent examples also support the idea
that upstream theragnostic patents can limit
translational applied clinical research. For
instance, the SARS-associated coronavirus
genome patents were filed by the US Centers
for Disease Control (CDC) and the British
Columbia Cancer Agency (BCCA)?>724, offi-
cially to ensure continued public access to
the viral genome and pre-empt other entities
from exerting restrictive or controlling rights.
Notably, it is suggested that this type of pat-
ent is symptomatic of what is wrong with the
[gene patent] system, when pre-emptive pat-
ents have to be filed to protect science and the
public good?>?3. A more worrying example is
illustrated by the Australian company Genetic
Technologies’ patents on the non-coding
regions of the human genome. Formerly con-
ceived to be junk DNA the biological role of
non-genic segments of the genome is receiving
increasing attention, and their patenting may
significantly constrain the free design of prim-
ers for PCR analysis of coding regions of the
genome?>26,

A common thread in these two recent
examples, however, is that broad theragnostic
patents, particularly those granted on DNA
and other biological materials, may serve as
tollbooths that impede downstream research
or discourage competition and innovation
due to the broad exclusive rights granted to an
individual scientist, institution or company
(e.g., as in the case of Myriad). This ‘anticom-
mons’ effect of upstream theragnostic patents
is now increasingly being recognized. Patents
with a broad scope may actually enclose the
‘knowledge-commons’ and inhibit technology
transfer and development at a societal or macro
level (i.e., as a contrast from the viewpoint of
an individual investigator), such that the prom-
ises of new diagnostics and therapeutics are not
realized®!b13,

Theragnostic patents in downstream
biomarker research to individualize drug
therapy

Pharmacogenomic-guided drug development
represents a fundamental conceptual departure
from conventional ‘one-size-fits-all’ clinical tri-
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als, as it aims to identify the subpopulations in
whom drugs may display greater efficacy with
lesser toxicity?’. This is a favorable advance for
rational therapeutics and optimal patient care
but it also engenders varying degrees of trepi-
dation among pharmaceutical companies and
financial investors about proactive implemen-
tation in the clinic: pharmacogenomics may
inevitably result in smaller economic markets
for drugs introduced with an attendant genetic
test predictive of drug efficacy or toxicity®®°.
The pharma companies fervently respond
that only drugs with large-scale markets allow
recovery of the R&D costs for new medica-
tions®?, which can range from $400-800 mil-
lion according to different estimates®®. While
R&D costs per se are not necessarily prohibitive
to pursue targeted therapies, the pharmaceuti-
cal industry will still need to find mechanisms
to maintain their growth rates in such niche
markets defined by theragnostic tests. The ways
in which upstream and downstream therag-
nostic patents are sought may play a decisive
role in the development of focused therapeutic
interventions in smaller markets that can ben-
efit public good and industry growth equally.
As a contrast to arguments of market frag-
mentation, pharmacogenomics and related
theragnostic technologies may enhance thera-
peutic differentiation and market penetration
of new medicines?*-31. Many of the currently
marketed drugs, however, fall under the ‘me-
too’ designation with comparable efficacy and
safety profiles differing only in terms of slight
changes in their chemical structures or phar-
macophore composition®2. Hence, in diseases
or therapeutic areas characterized by me-too

l, .I drugs, the diagnostic companies without a
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pharmaceutical pipeline may be more inclined
= to develop theragnostic tests that can impact
more than one drug by virtue of being in the
same therapeutic or chemical class. Conversely,
in the case of large drug manufacturers, a ther-
agnostic test for a me-too drug may be equally
predictive of treatment outcomes for most if
not all drugs within the same me-too category,
redistributing the financial gains on the therag-
nostic test from an individual pharma company
holding the theragnostic patent to multiple
firms who manufacture similar me-too drugs.
Consider, for example, a patient with major
depression receiving the result of a theragnostic
test on the serotonin transporter gene in rela-
tion to antidepressant response to paroxetine,
a selective serotonin reuptake inhibitor (SSRI).
In this case, the patient has the freedom after-
wards to choose from among a host of com-
parable SSRI drugs without necessarily having
to commit to paroxetine co-developed with
the hypothetical theragnostic test. Therefore,
the pursuit of theragnostic patents can also be
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shaped by the type of industry setting (e.g.,
diagnostic sector versus large pharma) as well
as the type of pharmaceutical (e.g., me-too
drugs) associated with theragnostic tests.

Regardless of the ‘true’ cost of drug develop-
ment or the varied perceptions of the impact of
pharmacogenomics or theragnostic tests on the
economic promise of pharmaceuticals, the fact
is that the blockbuster model of drug develop-
ment with large-scale markets is increasingly
less viable®33, When new technologies such as
pharmacogenomics and theragnostics enter
the market, they can become ‘paradigm-dis-
ruptive’ forces that significantly undermine
the traditional broadly defined market model
of drug development and commercialization.
Diverse and divergent diagnostic tests, multi-
ple actors (e.g., biotech diagnostic companies,
small and large pharma companies) seeking
to create and protect their intellectual prop-
erty, and changing social and political contexts
(global demands for patent reform and licens-
ing of drugs in the developing world) create an
unstable environment for drug manufacturers.
Despite the often very public proclamations
about an interest in integrating pharmacoge-
nomic research into drug development strate-
gies, prospective stratification of patients using
genetic tests in advanced stages of drug devel-
opment with a view to proactive incorporation
of pharmacogenomic data into drug labels is
still rare®>3. This illustrates that there is a great
uncertainty about how pharmacogenomic and
theragnostic tests ought to be developed as
functional commercial products.

It is noteworthy that multiplicity of diag-
nostic patents anticipated by the introduction
of theragnostic technologies may also result
in an ‘anticommons effect’ since most phar-
macotherapeutic outcomes are polygenic or
multifactorial in nature. If each segment of
this expanding sphere of patentable biological
elements along the biological dogma is held
by different individuals, academic research-
ers or commercial firms, scientific advances
in theragnostics can again be stifled, as in the
case of broadly defined upstream gene patents.
This is further supported by at least two seem-
ingly divergent but complementary lines of
evidence. First, the USPTO and patent offices
in other countries increasingly favor narrowly
defined gene patents, in part as a response to
the Myriad case. Secondly, theragnostics is now
introducing the need to characterize (and moti-
vations to patent) downstream gene products
such as mRNA, proteins or cellular metabo-
lites to individualize drug therapy. Because
time-dependent changes in gene expression or
encoded proteins cannot always be accurately
inferred from the upstream gene sequence, it
is conceivable that there will be many more

narrowly defined patents granted in the near
future along the biological dogma from gene
sequence to proteins and metabolites. Coupled
with trends in patent offices in favor of nar-
rowly defined gene patents, there will likely be
a fragmentation of the diagnostic sector, as in
the case of the blockbuster drugs and the niche
therapies guided by theragnostic tests.

Spectrum of theragnostic tests: Patenting
across the biological dogma

Many of today’s most common diseases
(including most forms of cancer, heart disease
and psychiatric disorders) are known to arise
not exclusively from either genes or environ-
mental factors, but through a combination
of the two (along with a significant amount
of incalculable stochastic factors). Moreover,
certain environmental exposures may only
evoke illness when experienced during a
critical period and in concert with a high-risk
genetic background. Therefore, theragnostic
tests predicated on genetic information alone
would have alow a priori likelihood of captur-
ing all of the predictable variance in a particular
response outcome. Ideally, genetic tests could
be fashioned to capture the entire heritable
portion of a response variable (distributed
across one or many genetic polymorphisms).
In this context, genetic polymorphisms impart
a constant or ‘static’ state of responsiveness that
can be assayed once in each individual and
presumed not to change over the course of the
lifespan (barring de novo somatic mutations).
The residual non-heritable portion of a given
response phenotype must then be assayed by
other means. To the extent that environmen-
tal (i.e., non-heritable) exposure influences
response phenotypes by impinging on biologi-
cal systems, this additional proportion of vari-
ance can be assayed through more ‘dynamic’
biomarker platforms, such as transcriptomics,
proteomics, and metabolomics, each of which
may be influenced by both genetic and environ-
mental factors (Fig. 1). Thus, through a com-
bination of static genetic and other dynamic
biological ‘-omic’ technologies (i.e., theragnos-
tics), the potential to identify a more compre-
hensive set of predictors is maximized.

There are certain unique aspects of pharma-
cogenomic (and theragnostic) tests that differ
from genetic testing for disease susceptibil-
ity. For all the parallels between genetic tests
for disease risk and drug response, the latter
are applied in reference to a drug that will be
administered to patients in the immediate fore-
seeable future, while genetic testing for disease
susceptibility usually predicts a risk in the
distant future, often several years or decades
away. This ‘temporal dissociation’ between the
genetic test and the future disease occurrence
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may permit the estimation of the attendant
cumulative disease risk with use of genetic
data only; there is also a functional disconnect
because the disease susceptibility test provides
information which is rarely accompanied by
effective treatment options.

In contrast to genetic testing for disease risk,
pharmacogenomic tests are envisioned as being
both temporally and functionally proximal.
The purpose of a pharmacogenomic test is not
to provide risk information as such, but to aid
in the individualized prescription of a particu-
lar drug. Further, most drug effects are elicited
within a matter of minutes, hours or days which
may require a more precise estimation of the
present or acute state of the pathophysiologi-
cal pathway whose function is inferred through
a genetic test. Hence, because the only barrier
between the patient and drug safety or efficacy
may be reliance on the accuracy of a pharma-
cogenomic test, clinicians need to know both
the genetic variants in patients’ DNA as well
as the corresponding proteins encoded by the
same genes. This is essential because (1) pro-
teins are responsible for the eventual functional
or clinical significance of genes and, (2) there
may be marked differences or fluctuations in
protein function (than what is predicted solely
by gene structure) due to environmental fac-
tors or physiological feedback mechanisms
that may influence posttranscriptional/post-
translational modification of gene products
and proteins.

Further, an accurate prediction of drug
effects may require a two-step complementary
strategy involving, for example, both genetic
and proteomic tests for the same gene and

edented challenges for patents and their legal
defense. For instance, what are the implica-
tions of a biotechnology company attempting
to develop a metabolomics-based, non-genetic
‘dynamic phenotyping biomarker’ for a gene
patented hitherto for a static genotyping test
to predict drug response or toxicity? There are
presently no definitive answers to such emerg-
ing novel intellectual property issues associated
with theragnostic tests.

l, .I its protein product. This may create unprec-

Conclusions and future perspectives

Since its first appearance in the research lit-
erature in September 1997 (refs. 2,35), the
term ‘pharmacogenomics’ has been hailed as
a revolutionary enabling technology that can
deliver highly customized drug therapies in
the short term. Now, nearly a decade after its
introduction, the more realistic expectation
is that pharmacogenomics will complement
efforts for rational individualization of drug
therapy in conjunction with existing therapeu-
tic monitoring tools and other novel biotech-

nologies (e.g., proteomics and metabolomics).
There is increasing support for the view that
the human genome is highly dynamic and that
gene expression, as well as the regulation of
gene function, is subject to poorly understood
plasticity. To achieve the much hoped for pro-
vision of personalized medicines, the role
of environmental and social factors on both
drug response and the human genome (and
its expressed products, mRNA and proteins)
requires detailed consideration. There is also
growing recognition that the search for genetic
biomarkers of outcomes associated with
therapeutic interventions may carry the risk
for compartmentalization among biomark-
ers through excessive reliance on a singular
biotechnology. It is against this background
that theragnostics is slowly emerging as a
new concept to synthesize information from
various biotechnologies directed at different
levels of the biological dogma ranging from
DNA (genomics), mRNA (transcriptomics),
proteins (proteomics) or cellular metabolites
(metabolomics).

Unlike mainstream genetic tests for dis-
ease susceptibility, the commercialization of
theragnostic tests is inextricably linked with
the deployment of patented pharmaceuticals.
We suggest that theragnostic patents, particu-
larly in the case of downstream applications
at point-of-care, can be at variance with the
traditional blockbuster model of drug devel-
opment which stipulates the development of
drugs for the entire population even though
this approach yields modest therapeutic
response and suboptimal drug safety®10:33,
Hence, a very different and unprecedented
story is evolving for theragnostic patents at
point-of-care: the traditional tight ‘coupling’
between patents and their subsequent com-
mercialization may not always occur in clini-
cal trials designed for the registration of new
therapeutic candidates under the blockbuster
model®. Experts in biotechnology patent
law have thus slowly begun to point to this
potential ‘uncoupling’ between the discovery
of biomarkers on treatment outcomes and
the necessary technology transfer to develop
theragnostic products in the clinic. Instead,
the downstream theragnostic patents on bio-
marker discoveries may remain primarily as
in-house discoveries within the pharmaceu-
tical industry to benefit future drug discov-
ery efforts but without the accompanying
translational clinical research for their devel-
opment as a diagnostic kit for prediction of
treatment response, failure or drug toxicity®?.
This uncoupling of biomarker discovery and
necessary technology transfer towards their
clinical application poses a threat to therag-
nostic product development. It is thus con-
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ceivable that academic research initiatives for
biomarker discovery that consider both drug
efficacy and broader functional treatment
outcomes?>3¢ will play a critical role in the
development of theragnostic-guided person-
alized medicine.

In contrast to downstream patents on bio-
markers associated with drug efficacy and
safety, upstream patents in drug discovery and
the identification of novel drug targets may
be particularly welcomed by the pharmaceu-
tical industry. This raises concerns over such
patents becoming tollbooths that can increase
costs for theragnostic tests in the clinic and
slow or block downstream applied research.
These nuanced contextual differences in appli-
cations of theragnostic patents in upstream
research or at point-of-patient-care can shape
the motivations at play, the strategies behind
the patenting of genes, and the subsequent
commercialization into theragnostic tests
that may (or may not) become available to
patients and consumers. The theoretical and
practical framework on patents needs to incor-
porate implications of theragnostics on both
upstream and downstream biomarker research
while ensuring technology transfer by more
than one stakeholder, to prevent future market
monopoly and excessive premium pricing of
theragnostic tests'®.

As the pharmaceutical industry transitions
from the blockbuster model towards targeted
therapies with market shares that resemble
orphan drugs, there is a parallel need to
offer incentives to stakeholders who pursue
theragnostic-guided drug development. The
discipline of science and technology stud-
ies (STS) is already focused on the complex
issues at the intersection of emerging biotech-
nologies, genetic research, bioethics, market
forces and the pharmaceutical industry>7-37,
Unfortunately, the expertise in the STS research
community does not always find its way into
the mainstream medical research literature®®%.
Such collaboration among geneticists, ethicists,
applied pharmacologists and social scientists is
essential for the equitable implementation of
commercial theragnostic testing in the clinic,
but also to prevent the risk of bioethics being
used as a ‘rubber stamp’ that can ‘deal with the
issues’ prior to the development of anticipated
theragnostic-guided customized therapies.
As witnessed during the initial planning and
implementation stages of the HGP, we suggest
that adequate attention and research resources
should be made available to resolve these and
similar policy and patent issues associated
with theragnostic testing at the point-of-care.
Additionally, these efforts should parallel the
development of much needed prospective
clinical investigations, designed primarily for
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the purpose of biomarker discovery, which
can importantly contribute to development
of targeted therapeutic interventions in the
near future. We thus believe there is reason
for guarded optimism that theragnostics may
allow the synthesis of different types of bio-
marker data, DNA, protein or metabolomic-
based, to achieve individualized therapeutics
in medicine.
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