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Personalized Medicine: A fine wine matures

Post-genomic maturity

Moving beyond the sequencing of the human
genome, the emphases of scientific researchers
around the globe has moved onto elucidating the
molecular-genetic basis of human diseases, espe-
cially those that have a complex pattern of causation,
such as diabetes, asthma, cancer and mental iliness.

Relating an individual s genetic make-up to their
pre-disposition to contract a disease, or their likely re-
sponse to a given drug or treatment has opened the door
to a new age of personalized medicine where accu-
racy, efficacy, safety and speed of treatment will become
the standard currency.

Personalized medicine is now the fastest growing
area of research by biotechnology and pharmaceutical
organisations. The benefits of understanding the influ-
ence of patients disease at the molecular level and
whether such characteristics, or biomarkers , associ-
ate with unique ethnic, geographical and social-eco-
nomic characteristics is becoming a new industry in of
itself. However, it is a field still in need of new support-
ing technologies to maximise its therapeutic potential.

The following sections will highlight the key bottle-
necks in translating new knowledge of the fundamen-
tal causes of cancer into targeted or personalized
treatments.

Targeting Cancer

After two decades of investigation into the molec-
ular-genetic causes of cancer, we are entering an ex-
citing age where, arguably, we have sufficient informa-
tion to develop medicines that have a real impact on the
disease and those contracting it.

The main barriers now are (remarkably) econom-
ics and drug discovery times; which means there are
emerging and sizeable commercial opportunities for
developers of new technologies or processes that can
speed up the translation of these findings into new
treatments.

With respect to the question how do we target can-
cer? there is a significant body of evidence coming
from: large-scale cancer genome projects; study of
cancer gene function; and initial forays into the clinic of
novel targeted drugs, to make some key observations
and predictions for the treatment of this disease:

Figure 1: Patient responsiveness
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Question: How many cancer genes are there?
Answer: Hundreds; some more prevalent than oth-
ers; and often they will cross traditional tissue type
classification schemes (e.g. lung cancer or breast
cancer).

Consequence: Cancer is not one disease and will be
defined and better treated by understanding its un-
derlying genetic causes.

Clinicians will therefore need a large arsenal of
such targeted drugs (which we are a long way from
having); with companion diagnostics (which have tra-
ditionally lagged behind drug discovery efforts), to
know which patients to treat with which drug.

Question: Will new targeted agents work?
Answer: Yes; when the right patient gets the right
drug; they will also have less severe side-effects
compared to standard chemotherapies; bringing real
benefits in quality of life. However, responsive pa-
tient-populations will often be smaller for any one
targeted drug; plus drug resistance will eventually
occur, because cancers are (genetically speaking) a
complex and constantly moving target.
Consequence: In order to achieve lasting remissions,
several targeted therapies will need to be tailored into
rational combinations, or cocktails, to suit each pa-
tient s or group of patient s unique genetic make-up.
This last situation is personalised medicine in its
truest definition. However, we are still some way off
having the arsenal of novel targeted drugs large
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enough to mix and match to each given patient s
genotype at this time.

Current status

Current targeted or personalised cancer drug
discovery efforts can largely be broken down into four
areas; the merits and bottlenecks of which are consid-
ered below:-

Gene therapy

This tries to directly correct or alter mutated can-
cer genes in a tumour.This field is a very challenging
one, as only a fraction of cancer cells in a tumour can
be accessed using current gene-engineering tech-
nologies. Significant breakthroughs in gene delivery to
specific cell types in vivo will need to happen for this
field to flourish.

Immunotherapy

This attempts to regulate (boost) the body s im-
mune system to target novel tumour markers, or anti-
gens . Tumours are generally adept at hiding these
antigens from the immune system and current boost-
ing strategies are typically aimed at hyper-activating the
immune system rather than unmasking the tumour
antigens. Antigen unmasking will likely face the same
hurdles as gene therapy i.e. issues with cell-targeting.

Biologics (antibodies;
recombinant proteins;
RNAI s/antisense)

Antibodies have shown great promise in target-
ing specific cancer genes e.g. Herceptin on HER-2
over-expressing breast cancers; and will likely con-
tinue to expand the arsenal of new personalised
medicines.

Specific antibodies are also relatively speaking
easy to generate and this approach has become
widely-adopted in targeted discovery regimes.

However, many cancer genes will be inside of
the cancer cell, and thus not accessible to antibod-
ies; limiting its future field of scope.

Nucleic acid based drug candidates e.g., RNAi s;
while in theory capable of targeting any cancer gene,
can only do this once it has gained entry inside a cell;
which is not easy for nucleic acids.

Success in this area has generally been limited
to tissues that are either directly injectable (e.g., the
eye) or in the liver, which acts to absorb and remove
materials from circulation.

A key advance in this field may be modified nu-
cleic acids with enhanced cell-penetration proper-
ties; however the authors experience with related vi-
rally mediated gene-therapies tells us that getting
sufficient doses to the right place will still remain
a challenge.

Small molecules.

These are chemical entities that bind to a given
target and modulate their activity.

Much dependency is, and will continue to be,
placed on traditional, chemically synthesised, small-
molecule drugs.

The challenge here remains as ever that small-
molecules take a long time to develop and not all tar-
gets will be drugable . This is compounded by a lack
of good functional validation on all the possible tar-
gets that can be addressed

Another problem is that the selectivity of small
molecules is never complete and often changes as

they go through the in vitro and in vivo efficacy-re-
finement process.

Sadly, biology often comes late in the refine-
ment process and is frequently complicated by a
lack of understanding on what the right cellular re-
sponse is.

These reasons all help explain why we now have
a significant degree of industry conservatism around
a small set of perceived validated targets; when in
fact we need far more diversity to get a future ar-
senal of novel therapies to personalize.

The future

All this begs the question, what will accelerate
the development of new and successful personalized
cancer medicines?

Increase in the pool of knowledge of which
cancer genes are good targets

Earlier selection of compounds with optimal
biological activity and selectivity to a specific patient
genotype

Define biomarkers leading to co-development
of companion diagnostics and predictive theranos-
tics

Design clinical-trials around patient genotypes
most likely-to-respond

Define 20 biomarkers imparting drug-resis-
tance, so enabling deployment of targeted combina-
tions of drugs

Turn the inevitable off-targets of small mole-
cules to your advantage by multi-targeting ; or re-
position established, or even failed drugs, to new
uses

The missing toolbox

In order to progress the development of per-
sonalized cancer medicines, a new toolbox of sup-
porting technologies is also required that will allow
researchers to identify drug targets, biomarkers and
drug candidates within the context of patient geno-
type.

One of the major developments that have aided
researchers is the development of in-vitro cell-mod-
els.

First-generation cell-based models have al-
lowed study of a specific disease-associated gene
that approximates the real disease; however often,
in a manifestly different context to that seen in hu-
mans.

Examples of these include: (a) RNAiI techniques,
which has partial effects on affecting gene activity
and is often not specific (b) ectopic transgene ex-
pression systems that over-express a target gene;
often far above the normal situation and fail to mimic
the complex regulation and feedback loops that ex-
ist in the proper genomic context.

These models can therefore lead to misleading
findings on the role of putative cancer genes and
drugs that target them.

The nextgeneration of models has been devel-
oped by Horizon Discovery, which accurately and
definitively allow the study of specific disease driving
defects in human cells.

The X-MANTM Mutant And Normal panel of
human isogenic cancer cell-lines are pairs of cell-
lines; one of which has a defined disease causing
mutation, just as it occurs in a cancer patient, and the
other a perfectly matched normal genetic back-
ground; to provide an ideal reference set to under-
stand a genes role in disease biology.

These patient-relevant cell-based tools will
also allow drug discovery researchers to quickly de-
fine a drug candidate s specific activity and likely

patient responsiveness or resistance prior to enter-
ing clinical trials using a high-throughput assay.

Landmark studies

Recent landmark phase-Ill announcements from
Amgen and ImClone regarding their advanced col-
orectal cancer drugs, Vectibix and Erbitux respec-
tively, has highlighted the need for pre-clinical pa-
tient models that predict drug response accurately.

Figure 2: Human isogenic models

Source: Horizon Discovery

The study reported that colon cancer patients,
who harbor EGFR, plus a co-existing KRas resist-
ant mutation, were resistant to single EGFR-drug
treatment.

This was predicted by a Cancer Research,
March 2007 publication by Bardelli et al in a genetic
analysis of samples from previous clinical trial
data; showing that pooled patient data would have
masked the true benefit of Erbitux & Vectibix.

These retrospective data were then confirmed
by prospective phase-lIll clinical trials; and the case
of Vectibix, subsequently approved only in patients
harbouring normal K-RAS.

Mutant K-RAS patients in contrast should re-
ceive alternative therapies (e.g. Avastin), or receive
rational combination treatments with future RAS-
pathway targeted drugs, when developed.

Bardelli et al findings on Vectibix have been
confirmed in a subsequent study by Hamado et al
published in the Journal of Clinical Oncology in
2008.

Conclusion

Like a fine wine, the field of personalized medicine
is improving with age. The availability of targeted
agents such as Herceptin (Trastuzumab) and Iressa
(Gefitinib) are paving the way, with others like Vectabix
and Erbitux hot on their heels.

However, the assembly of future arsenal of tar-
geted drugs will require innovative and high-through-
put biological tools to accelerate the development of
more effective drugs, as well as help drive the design
of the clinical trials.

As the saying goes, get the biology right and the
rest will follow .

One of the most important drivers for true per-
sonalized medicine will be drug companies working
with the FDA and other regulatory authorities to de-
sign and implement improvements in clinical trial
design based on diagnostic and response-predicting
biomarkers: Clinical trials that will not only provide
the best outcomes for the drug, or drug combination,
but more importantly provide the most benefit to pa-
tients on the trial.

This is a very exciting time to be working in on-
cology. Personalised medicines offer a bright future
in cancer therapy; with some tractable and low-hang-
ing fruit for current exploitation.

The development of new technologies to define
new validated targets and speed up the emergence of
new classes of targeted therapies heralds the day
when individual patients are assessed on their specific
tumour type and a relevant and effective drug or drug
combination used to treat the disease truly the
promise of personalised medicine.

Figure 3: The personalized doctrine

Source: Bayer Healthcare and Burrill and Company
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