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Recent technological advances in combinatorial chemistry
and HTS, along with the explosion of genomic data and
the increasing empowerment of the patient (or consumer),
have all converged to exert significant pressure on the tra-
ditional drug development paradigm of ‘one size fits all’.
With the recent completion of the first draft of the Human
Genome Project, these forces now pose both an unparal-
leled challenge and opportunity to the pharmaceutical 
industry.

The opportunity to both industry and society is to trans-
late these new technologies into tangible rewards for mass
customization in drug development; in short, personalized
medicine. The challenge will be how to dramatically 
increase the speed, volume, and quality of R&D both to 
exploit the new technological opportunities afforded by
advances in automation, computing and genomics, and serve
the growing market expectations for personalized medicine.

Rising costs
The ethical pharmaceutical industry is facing unheralded
challenges unlike any it has seen before. Discovery and
development costs are spiralling upwards at an annual rate
of ~11% [1]. This is partly because of increased regulatory
burdens, skills shortages and intensive investments in new
techniques and technologies, such as genomics, combina-
torial chemistry and ultra-HTS. Meanwhile, pricing pressures
continue and increasing competition has led to drastically
shortened periods of market exclusivity for new chemical
entities (NCEs) [1]. Indeed, the number of NCEs devel-
oped by the top 20 ethical pharmaceutical companies has
continued a 15-year downward trend, and there is no evi-
dence of greater numbers of compounds entering clinical

development to fill the widening productivity gap [1]. This
absence of gains in productivity could reflect the fact that
investments in genomics and HTS have, as yet, not had
sufficient time to yield the expected returns in the market.
However, there is no evidence of increases in productivity
in either preclinical or Phase I development [2].

In addition, the ethical pharmaceutical industry is fac-
ing high expectations from both the financial markets and
the ‘new’ consumer. Analysts and shareholders continue
to demand rates of 20–30% in revenue growth to maintain
total shareholder value. This becomes more difficult in the
face of diminishing portfolios from patent expiry and a
continued reliance on the ‘blockbuster’ model of drug de-
velopment, in which <10% of products recoup their initial
investment costs.

The empowered consumer
Added to these factors are the growing market demands
and expectations of the empowered consumer in the major
markets. The patient of the 21st century is a highly knowl-
edgeable and proactive drug consumer. This is a result of
both the coming of age of the Internet, where medical and
prescribing information is available at the touch of a but-
ton, and the industry’s own efforts in direct-to-consumer
advertising. In recent years the pharmaceutical industry
has extended significant resources and efforts in educating
and empowering the lay public. This empowered con-
sumer, who the pharmaceutical industry helped to create,
is now demanding the fruits of investments such as the
Human Genome Project and the promise of personalized
medicine. With rising healthcare costs, significant sub-
populations of non-responders failing to benefit from a
particular drug, and a growing realization of the morbidity
and mortality associated with pharmacotherapy (pharma-
ceutical drugs remain the sixth largest cause of death in the
USA [3]), consumer demands for more and better, or per-
sonalized, medicine cannot be ignored. Consumers will
continue to exert pressure on elected officials and regula-
tors already struggling with risk versus benefit equations in
deciding issues such as pricing controls, return on invest-
ment (from public taxes allocated to research), and limiting
corporate liabilities.

Confronting the challenge: industrialization
The challenge facing the pharmaceutical industry is how
to bring more products to market faster and at reduced
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cost. Spending US$700 million to bring a drug to market
that shows efficacy in only 50% of patients, and which has
a 10% chance of recouping its development cost, will no
longer be a tenable option to either the consumer, the
regulator, or the industry itself [4]. All marketed pharma-
ceuticals work on ~400 targets. The explosion in genomics,
proteomics and all the other ‘omics’ will result in excess of
tens of thousands of potential targets. As a result, there is
an increased need to discern high-quality leads and to
leverage information effectively. The mega-mergers have
created scale but not economies of scale in drug discovery
efforts, and the new technologies are succeeding in 
creating fresh bottlenecks.

Lessons learned
There is a growing realization that the available technology,
in isolation, is failing to deliver the goods. Initial efforts
to manage the vastly increased throughput of targets 
and discern the ‘hits’ have been less than fruitful. They
have been marked by difficulties in evaluating and imple-
menting complex capital equipment and software within 
research-based user communities, problems integrating
new equipment piecemeal into existing facilities and 
departments, difficulties in working across functional, 
departmental, national and parochial boundaries, and 
ineffective attempts at using equipment as catalysts for 
cultural and organizational change. The cost of discovery
continues to rise and target time-reductions are not being
achieved.

The pharmaceutical industry’s initial efforts at auto-
mation have strong parallels with the automation of the
automobile industry in the late-1970s, when the Japanese
completely reconfigured the competitive landscape of the
global automotive market. Initial investments in robotics
and computer-controlled machine tools failed to yield 
expected returns. As a result, a whole new school of man-
agement thinking evolved – Total Quality Management
(TQM), which is characterized by new techniques in inte-
gration based on scheduling, bottleneck management,
process simulation, statistical process control and produc-
tion control. This new school of thought helped realize
the promised savings of automation. Simply automating
silos resulted in the transfer of bottlenecks, realizations by
users post-installation that the perceived endpoint was, in
fact, just the start, and discernment that theoretical
throughputs did not take into account how parameters,
such as set-up time, would integrate into the overall
process.

However, industrialization, resulting from effective auto-
mation coupled with integrated process planning and
management, as well as change management, led to a shift

in emphasis from saving direct labor to reducing indirect
costs and an ability to handle frequent product or process
change, but at the same time this did not take the science
and engineering out of the process. It allowed the science
and engineers more time to concentrate on high-value,
low-process work. The success of this new school of
thought can be gauged by the observation that in the
1950s the big three car manufacturers (Ford, Chrysler and
General Motors) controlled 95% of the US market. The first
Japanese import did not reach America until Toyota en-
tered the US market in 1957, and in less than 30 years the
imports accounted for almost 50% of the American mar-
ket. The dominance of the former fortress markets of the
big three American manufacturers had not only been
breached, but demolished.

The experience of the automotive industry showed
that industrialization is more than mere implementation
of automation; it is more than the newest hardware. It is a
continual process of reconfiguration, addressing change
management, enabling technologies, interchangeability
and supporting infrastructure to compress cycle-times, 
reduce defects and expand margins.

The techniques and lessons learned in the automotive
industry all have equal applicability in drug discovery.
Considered in the light of the erosion of the fortress mar-
kets of the American automotive industry in the later part
of the 20th century, market dominance, no matter how
extreme, is transient to those companies, which remain
stagnant.

The way forward
The future of drug discovery can be based on these lessons.
Using the knowledge gained from other industries, the 
ethical pharmaceutical industry now has the potential to
make industrialization a reality. Industrialization can pro-
vide an effective catalyst to meet the growing market and
financial demands, but the industry must realize that in-
dustrialization requires profound organizational change
and not just stand-alone investments in robotics and
technology. It requires:
• A new culture – a shift to a factory-based culture in those

parts of the process adaptable to industrialization;
• A focus on throughput and quality and the realization

that this does not take the science out of the process, but
allows the scientists more freedom to concentrate on
high-value activities;

• New skills in discovery – engineering, automation, logis-
tics and production management;

• New disciplines in discovery – Hi-tech facility design,
capital projects management and integrated supply
chain management;
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• A refocusing of high-value staff on high-value skills – 
allowing scientists to focus on target validation, assay
development and lead optimization; 

• A focus on scarce skills – chemo/bioinformatics and data
management.
It also requires a clear vision to align the R&D strategy

with an IT and technology strategy. It requires definition
and measurement of benefits, communication of the 
need and urgency to implement change, establishment of
a full-time team to deliver all aspects of that change, and
recognition of the size and complexity of the task with the
commitment to budget accordingly.

In conclusion, the ethical pharmaceutical industry will
fail to meet the demands imposed by the changing socio-
economic landscape of the 21st century if it remains
bound to a 20th century business model. Industrialization
provides part of the solution by focusing on throughput,
quality and resource efficiency in key process parts, while
also leveraging experience from other industries.
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