BY DENISE MYSHKO

Virtual Research

Through predictive
biosimulation technologies

that replicate experiments

In a computer,

COMPANIES ARE

STARTING TO REDUCE
THETIMEIT TAKES TO
IDENTIFY POSSIBLE
DRUG TARGETS.

DR. JOHRN ON

I'm betting that when we have
accurate models, we will be able
to predict in the computer how
various drugs are going to
interact with each other.
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BIOSIMULATION technologies

COMES OF AGE

MAGINE A WORLD WHERE DRUG-DISCOVERY RESEARCHERS HAVE POWERFUL TOOLS AT HAND
THAT ENABLE THEM TO CREATE COMPUTER MODELS OF HOW CHEMICALS REACT IN CELLS.

Imagine having better information about

the safety and effectiveness of product

candidates faster and at lower costs.

Imagine having to do fewer clinical trials
to determine dosing or to demonstrate safety
and efficacy. Computational biologists and
other researchers are working hard to make this
vision a reality. As biomedical knowledge
increases and bioinformatics capabilities grow,
there is hope that greater predictive power may
be obtained from iz silico, in other words com-
puter modeling, analyses.

Although the full benefits of biosimulation
may be 10 years away, the payoff is big: shorter
development cycles, as well as the ability to
design better drug leads that have lower toxici-
ty and that reach the right biological targets.

“Everyone thinks, although no one has done
it yet, that we ought to be able to build realis-
tic, comprehensive, and explanatory models of
mammalian cell-cycle regulation,” says John J.
Tyson, Ph.D., professor of biology at Virginia
Polytechnic Institute and State University. “We
think we have proved the principal with sim-
pler organisms such as yeast and we’re ready to
move on to mammalian cells. I'm betting that

that process. We're enhancing it, providing
guidance to pharma companies about what
the next key experiment should be.”

In silico research is now considered an essen-
tial adjunct to bench experiments for model-
ing of compounds, structural analysis, predic-
tive pathways, and targets, as well as for
discovery, compound-target interactions, and
molecular functions, according to researchers
at Kalorama Information.

“With in silico technology, companies can
create a model of a molecule on the computer,
based on a particular shape,” says Jack Gard-
ner, an analyst with Kalorama Information.
“They can do a 3-D drawing and then do 7
silico screening. There are also in silico applica-
tions that can be used for creating libraries.”

Simulation can help companies deal with
the many novel targets that are being discov-
ered by genomics, says Richard Ho, M.D.,
Ph.D., head of medical informatics in drug
discovery at Johnson & Johnson Pharmaceuti-
cal Research & Development LLC.

“One problem with genomics is that there
are so many targets now, and we don’t have
enough time and resources to try them all,”
Dr. Ho says. “We need some way to validate
them. We also can use these models to under-
stand the best biomarkers of response and
determine the best time to apply an assay.”

Mr. Paterson says biosimulation also can be
used to better assess product candidates that
never made it to clinical trials.

“There is a long list of drugs that have
fared well in animals but failed to demon-
strate human efficacy,” he says. “It makes one
wonder about the drugs that didn’t move for-
ward in the pipeline, the ones that didn’t per-
form well in animals. Maybe these drugs
could have been successful. The benefit is in
reducing the reliance on animal modes for
predicting human efficacy. This technology
provides for a better understanding of target
pathways within the broad physiologic con-
text necessary to predict human clinical
response.”
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NEW PRODUCTS ARE BEING INTRODUCED AT A RAPID RATE. NEW COMPANIES ARE BEING
FORMED WHILE OTHERS ARE BEING MERGED OUT OF EXISTENCE. PHARMACEUTICAL AND
BIOTECHNOLOGY COMPANIES ARE CONSTANTLY RE-EVALUATING WHETHER TO PURCHASE
INFORMATION TECHNOLOGY PRODUCTS OR DEVELOP THEIR OWN. ALL THIS IS HAPPENING
AGAINST THE BACKDROP OF AN UNCERTAIN ECONOMY,WITH MANY COMPANIES DELAYING
MAJOR EXPENDITURES UNTIL THE SITUATION CLARIFIES.

ACCORDING TO A RECENT KALORAMA SURVEY OF DRUG-DISCOVERY SCIENTISTS:

when we have these accurate models, we will be
able to predict in the computer how various
drugs will interact.”

A report by IBM Business Consulting Ser-
vices in May 2004 suggested predictive
biosimulation will be one of the technologies
that will transform the industry in the future.

Industry experts interviewed say in silico
R&D can complement traditional laboratory-
based research, increase productivity and effi-
ciency, and overcome bottlenecks in target

identification and validation, candidate selec- 92% are seeing increased data-management needs.

tion and prioritization, and clinical develop- 44% expect their data to grow more than 100% over the next year,and 16% expect

ment. Modeling and simulation can guide more than 50% growth.

experimentacion, helping  researchers - co 94%  of them are involved in collaborations that include sharing research results and data. But the

understand key problems, focus research on

productive pathways, and generate new ideas. data-management strategies that are in place to handle this growth are not up to the challenge.
“Simulation can give pharma companies an 39% report having no data-management system at all, and another 18% have a home-grown system.

indication of whether the target is worthy of 5%
pursuing,” says Thomas Paterson, cofounder
and senior VP of Entelos Inc. “Simulation
brings clarity to our customers’ hypotheses by
enhancing their understanding before actually
running an experiment. We're not replacing

use a system from a commercial data-management supplier.
There is clearly a huge opportunity for vendors to make inroads into this potential market.

Source: Kalorama Information, New York. For more information, visit kaloramainformation.com.
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MARTIN GERSTEL

People do not understand that
although life-sciences research
Is being pursued with
sophisticated technology, the
scientific understanding of life at

THE CASE FOR SIMULATION

Industry experts say a significant ROI can
be realized from the use of modeling and sim-
ulation software tools in partnership with tra-
ditional experimentation. In July 2004, Life
Science Insights released a survey of materials
research scientists and engineers who experi-
enced a cumulative ROI of between $3 and $9
for every $1 invested in these tools.

The survey found that cost savings and
financial benefits are gained from: fewer exper-
imental resources wasted on failed experi-
ments; efficiency gains leading to broader and
deeper exploration of solutions and new prod-
ucts; financial gains by improving the time to
market for new products; revenue gains from
the rescue of stalled product development pro-
jects; and risk-management improvements
through safety testing and failure analysis.

In the pharmaceutical industry, companies
could experience a ROI of between $2 and $3
for every $1 invested, estimates Michael Swen-
son, research manager of Life Science Insights.

Some companies, Mr. Swenson says, may be
using some iz silico models and doing fewer
experimental models, and these companies may
experience smaller incremental gains in ROI as
they invest and begin to use these technologies.

Jody Porrazzo, Ph.D., director of economet-
ric risk strategy at NiiS/APEX Group Hold-
ings, says it is important for pharmaceutical
companies to assess the benefit of simulation
technologies on the entire development process.

“A company needs to identify the processes
that would be replaced and assess the product
through the development process, as well as
think about after-market considerations such as
the formulary process,” she says. “We have the
means to do this.”

Johnson & Johnson Pharmaceutical
Research & Development has achieved success
with #n silico. The company used Entelos’
PhysioLab, a virtual research environment
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the molecular level is still in its
infancy:.

where scientists have access to and visualize
many biological variables through simulation
to test hypotheses.

To date, researchers have applied this tech-
nology in the areas of target validation, lead
candidate selection, clinical-trial optimiza-
tion, biomarker research, and product differ-
entiation. For a Phase I trial, Johnson & John-
son researchers experienced a 40% reduction
in time and a 66% reduction in the number of
patients required for a first-in-class compound
for the treatment of type 2 diabetes.

“One of the Phase I trials in humans of nor-
mal volunteers was designed with a single
ascending dose approach,” Dr. Ho says. “We
worried about whether the drug might cause
hypoglycemia and that was the reason for using
a low dose. The information from the model
suggested that even at the highest dose, there
was not any significant risk of hypoglycemia.”

Researchers redesigned that trial to use the
higher dose instead of the lower dose.

“Instead of six total patient arms, we ended
up doing two, and essentially this gave us the
same information,” Dr. Ho says.

Mr. Paterson says by creating a mathemati-
cal model representation of human physiology
and pathophysiology, scientists can conduct
experiments in this virtual environment in sup-
port of pharma.

Entelos researchers are working with the
American Diabetes Association (ADA) to
develop an iz silico model of the non-obese dia-
betic (NOD) mouse, the primary animal model
used by researchers to study type 1 diabetes.

Entelos and ADA also have established the
Diabetes Research Forum for pharma and
biotech companies to share in new insights for
type 2 diabetes. Researchers from Entelos also
have worked with Roche Diagnostics’ scien-
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A company that only looks out six
months or three years is not
looking far enough ahead. Itis a
mistake to limit our time lines.

tists to investigate the relationship between
20 plasma measurements and insulin sensitiv-
ity in more than 60 virtual patients.

CHALLENGES FOR THE
LIFE SCIENCES

In silico computerized tests can probably
provide a good adjunct to conventional labo-
ratory testing, Mr. Gardner says.

“This is where the controversy comes in,” he
says. “How good is good? If one were taking a
test and got a score of 80% or 90%, that would-
n't be too bad. But that isn’t good enough in
many cases. And these computerized algorithms
that predict performance of ADMETox (absorp-
tion, distribution, metabolism, excretion, and
toxicity) are only 70% to 80% accurate.”

Part of the problem, he says, is with the
quality of the data.

“Researchers can create the world’s most
wonderful algorithm but if the basis of that
data is a little shaky, they will have a wonder-
ful algorithm that produces lousy results,” Mr.
Gardner says.

Critics of predictive biosimulation say there
isn’t enough data about the human body to
make simulations accurate, especially when the
variability of patient response is considered.

“The data that have been collected over the
last 10 years or 20 years really have been toward
identifying the pieces of how biology works,”
says Andrew LeBeau, Ph.D., a senior scientist at
ProSanos. “For simulation models, we need to
know how the parts interact, for example, how
a whole cell or even an extensive pathway
works, and there isn’t enough quality data for
that right now.”

Dr. LeBeau says it might be another five or
10 years before there are enough data from
proteomics initiatives to make this a reality.

“There has not yet been a great deal of suc-
cess in terms of the simulations,” he says.




“Currently, the best chances for success lie
with focused approaches targeted to areas
where a combination of experimental and clin-
ical data are available.”

Martin Gerstel, chairman of Compugen
Inc. and founder of Alza Corp., believes there
is a great deal of misunderstanding about what
is happening in life-sciences research today.

“The fact that one can do partial ‘reverse
engineering’ of the final products of life science
(animals, plants, and other organisms) and that
there is very sophisticated technologies (most of
which were developed for other high-tech pur-
poses and are now being applied to life science)
make it appear to most observers that this is a
well developed and understood science. In fact,
scientists today are at the very earliest stages of
beginning to understand life science at the
molecular level,” Mr. Gerstel says.

Mr. Paterson says, however, this is why
modeling is so important for drug discovery.

“These systems are designed to allow
researchers to integrate all of the information we
have about a disease,” he says. “It is precisely
because we don’t know everything yet that
modeling is useful. Because there are a lot of
unanswered questions, companies are able to
explore multiple hypotheses. We consider this as
critical to addressing the gaps in our knowl-
edge.”

Mr. Gerstel says up until relatively recently,
it was believed — and research was based on
this belief — that one gene expressed one pro-
tein and that natural sense/antisense gene pairs
were extremely rare in the human genome.

“But now it is understood that alternative
splicing is the rule and not the exception and
that natural antisense exists throughout the
human genome,” he says. “This is an impor-
tant point since ‘genes express proteins’ is
clearly the most basic concept underlying all
of life science, similar to what ‘electrons move
through a wire’ is for telecommunications and
high-tech. And, of course, almost nothing is
known about the vast majority of pathways
proteins take and their interactions.”

Mr. Gerstel says to gain a deeper under-
standing of life sciences — and therefore to
begin to fulfill the promise of real medical
breakthroughs for treating the most difficult
diseases — more effort will need to be devot-
ed to predictive modeling and hypothesis
driven experimentation.

“The power of this technique will only be
realized as these scientists begin to work as an
interactive team with experimental biologists,”
he says.

Dr. Tyson says 10 years ago the prediction
was that researchers wouldn’t be able to devel-
op an accurate, predictive model for yeast.

“We are beginning to understand the com-
plexities of life,” he says. “There are many
things we don’t understand, and the scientific

There has not yet been a great
deal of success in terms of
simulations. There aren’t
well-accepted, widely

used models available
despite a lot of hype.

enterprise is always trying to push ahead. We
have confidence that in some of these areas we
can overcome this lack of understanding.”

“Modeling allows us to perform more rig-
orous research than we can do in our heads,”
Dr. Ho says. “We're using the same tools but
using them in a much more consistent and
quantitative fashion. We can do it a lot faster
because all the material is in the computer. In
addition, the computer doesn’t have any of the
bias that investigators might have.”

THE FUTURE FOR
BIOSIMULATION

The FDA is committed to assisting the
industry in developing new tools for drug dis-
covery and development. In March 2004, the
agency issued its Critical Path white paper in
which it identified 7% si/ico modeling as one of
the opportunities to improve predictability and
efficiency in drug discovery and development.

FDA officials in the report say a new prod-
uct development toolkit — containing power-
ful new scientific and technical methods, such
as animal or computer-based predictive mod-
els, biomarkers for safety and effectiveness, and

BIOSIMULATION technologies

-
L
.

new clinical evaluation techniques — is need-
ed to improve predictability and efficiency
along the critical path from laboratory concept
to commercial product.

“In the future, there is going to be an ele-
ment of artificial intelligence that’s going to
apply to in silicw technologies,” Mr. Gardner
says. “The level of complexity with proteomics
and genomics is going to require that we have
smart computers that can learn and design.

Infc_)rmatics _Ma_rket Growth and

ONE OF THE HOT AREAS IN INFORMATICS IS IMPROVED TECHNIQUES FOR VISUALIZATION
AND MODELING. IT ISNOW ROUTINE TO BE ABLE TO DISPLAY 3-D MOLECULAR MODELS.
REPRESENTATIONS ARE DYNAMIC.FULL-MOTION VIDEO IS NOW A REALITY.AS THESE
TECHNIQUES BECOME MORE REFINED, EXPECT MORE ACCURATE REPRESENTATIONS,
PROVIDING IMPROVED EFFICIENCY FOR IN SILICOWORK.

PRODUCT AREA 2003 SALES 2003 % SHARE 2007 SALES ANNUAL
($INMILLIONS) OF TOTAL MARKET ($INMILLIONS) GROWTH RATE

Insilico modeling $250 38% $610 25%

Cheminformatics $200 32% $330 18%

Other bioinformatics $100 15% $210 20%

Systems integration $100 15% $140 8%

Total, all product areas $650 100% $1,290 20%

Source: Kalorama Information, New York. For more information, visit kaloramainformation.com.
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The problem with an animal model is that it is
not reflective of what happens in humans.
Through biosimulation, we can help pharma
companies create better animal models, thus

reducing the need to do extensive animal testing.

There are going to be better models created for
every stage of drug development from synthe-
sis all the way into clinical trials.”

The trend in the coming years will be a move
away from proprietary systems and toward less
expensive platforms that enable scientists to use
commodity hardware, Mr. Swenson says.

“There is an effort to move from Unix plat-
forms to Linux platforms,” he says. “There are
also Windows-based tools available.”

IBM and Accelrys Inc. in September 2004
announced plans for Accelrys to release a full
suite of modeling and simulation tools for the
Linux operating system.

“The trend is to make these decision-mak-

__Experts on this topic

ing tools more broadly available to the peo-

ple working in a lab so they’re making the
best informed decisions possible, and that’s
been enabled by the desktop PC,” says Scott
Kahn, Ph.D., chief science officer at Accelrys.
“These are powerful visualization devices and
numerical evaluation devices.”

Accelrys’ cheminformatics, bioinformatics,
and matinformatics tools allow researchers to
store, search, retrieve, and use critical data and
information. Computational chemists, biolo-
gists, and geneticists can speed up target iden-
tification and characterization through gene
sequence analysis, homology modeling, pro-
tein simulation, and X-ray and NMR struc-

ture determination. They can use drug-design
software to identify and optimize lead com-
pounds and predictive methods to develop and
focus combinatorial libraries.

“We provide tools to build a 3-D structure
that allows chemists to evaluate certain protein
families, what the selectivity might be, and give
some clues on what types of molecules are good
potential drugs against it,” Dr. Kahn says.[]

PharmaVoice welcomes comments about this
article. E-mail us at feedback@pharmavoice.com.

JACK GARDNER. Analyst, Kalorama
Information, New York; Kalorama
Information provides worldwide business
intelligence and syndicated market
research in life sciences to decision makers
in the pharmaceutical,biotechnology,
medical-device, and diagnostics sectors.
For more information, visit
kaloramainformation.com.

MARTIN S. GERSTEL. Chairman,
Compugen Inc., Jamesburg,N.J.,and
Founder of Alza Corp.;Compugen is a
genomics-based drug and diagnostic
discovery company that incorporates
ideas and methods from mathematics,
computer science, and physics into the
disciplines of biology, organic chemistry,
and medicine. For more information,visit
cgen.com.

RICHARD HO, M.D.,PH.D. Head of
Medical Informatics in Drug Discovery,
Johnson & Johnson Pharmaceutical
Research & Development LLC, La Jolla,
Calif.; Johnson & Johnson Pharmaceutical
Research & Development probes the
frontiers of science in pursuit of new
drugs, based on discrete molecular

targets, in the areas of vascular research,
neuroscience, metabolic diseases,
immunology, reproductive health,
oncology, virology, antimicrobials, and
inflammation. For more information,visit
jnjpharmarnd.com.

SCOTT KAHN,PH.D. Chief Science Officer,
Accelrys Inc., San Diego; Accelrys is a
computational science company,
developing and delivering scientific
software applications and services that
help solve critical R&D problems.

For more information, visit

accelrys.com.

ANDREW LEBEAU,PH.D. Senior Scientist,
ProSanos Corp., La Jolla, Calif.; ProSanos
provides disease-specific analytical
products and services for pharmaceutical,
biotechnology, and diagnostics companies,
as well as for government, researchers, and
healthcare providers. For more information,
visit prosanos.com.

THOMAS PATERSON. Cofounder and
Senior VR Entelos Inc., Foster City, Calif.,
Entelos provides predictive biosimulation
for insilico drug discovery and
development, providing integrated

expertise in the metabolic,immunologic,
and respiratory areas. For more
information, visit entelos.com.

JODY PORRAZZO, PH.D. Director of
Econometric Risk Strategy, NiiS/APEX
Group Holdings, Princeton,N.J.;NiiS/APEX,
a division of Gallagher Benefit Services
Inc.,is a consulting and insurance services
organization that specializes in actuarial,
underwriting, claims management, and
audit services. For more information,visit
niis-apex.com.

MICHAEL SWENSON. Research Managetr,
Life Science Insights, Framingham, Mass.,
Life Science Insights, an IDC Company,

is focused on providing global market
and technology intelligence and

analysis, which supports executives in
fact-based decision making. For more
information, visit life-science-insights.com.
JOHN J. TYSON,PH.D. Professor of
Biology, Virginia Polytechnic Institute and
State University, Blacksburg, Va.;Virginia
Tech is Virginia's largest university with
25,600 students and is one of the top 50
research institutions in the nation. For
more information, visit vt.edu.

26 November 2004

PharmaVOICE




