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Summary

The productivity crisis in pharmaceuticals is an important problem that should be seriously ad-
dressed by academic scientists and NIH administrators. It is true that most academic scientists av-
idly practice the reductionist approach and tend to neglect the big picture. However, in light of
the crisis, that should change. To stimulate such a change, scientists should see publications ad-
dressing big picture issues, and specifically publications which present analyses of the productivi-
ty crisis in pharmaceuticals.

Although the public media recently published a series of articles reporting the crisis, so far, the
peer-reviewed professional journals tended to avoid the issue.

There seems to be a consensus that there is no successful drug discovery without reasonable biol-
ogy. The Drug industry in “Depression” paper provides an opportunity to balance the picture and
entice discussions on the relationships between academic research practices, NIH policies, and suc-
cess in drug discovery. Academia and the drug industry must adopt a unified biomedical research
approach rather than a multitude of what appears to be unrelated reduction methodologies, es-
pecially the basic science/biology end of it.
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BACKGROUND

Propelled by chemistry but increasingly directed by phar-
macology and the clinical sciences, drug research has con-
tributed more to the advancement of medicine during the
past century than any other scientific factor [1].

It is a common view shared by the National Institutes of
Health (NIH) and the pharmaceutical industry that the bi-
ologists discover the disruption (mutation, pathogen, toxin,
etc.) that causes the disease and the chemists find the com-
pounds that reverse the effect of the disruption. Therefore,
without biology there is no chemistry.

According to this simplified description, every new drug ap-
plication sent to the FDA starts with a scientist working in
the lab at a certain academic institution, trying to under-
stand the biology of a disease.

Historically, the pharmaceutical industry recognized the
importance of biology and accepted academia as the one
making the discoveries in basic science and biology, while
it played the role of the chemist (Figure 1).

The following statements by Merck, Galxo-Wellcome, and
Vertex, two of the largest pharmaceutical companies in the
world and a successful biotechnology company, illustrate
the significance of biology in drug discovery:

According to Merck, all research projects for new vaccines
and drugs begin with basic research. Whether the objec-
tive is to isolate, synthesize, or rationally design drug can-
didates, “a thorough understanding of the targeted disease
at a molecular level is essential [2].”

Galxo-Wellcome also insists that the gene product under
investigation must be placed in “a general biological con-
text,” in order to increase the chances of finding a valid
target [3].

Additionally, Vertex (the biotech company), insists that they
do not undertake projects where the biology is “uncertain.”
“We look for the biology to be well understood. We look for
the chemistry and the biophysics to be doable in a short pe-
riod of time [4].”

Ironically, Joshua Boger, the CEO of Vertex, chose FKBP-12
as a target for drug development since he believed that its bi-
ology was well understood. Then, Professor Stuart Schreiber
from Harvard University announced that FKBP-12 binds to
calcineurin, implying that Vertex is developing a drug for
the wrong target. Imagine the anxiety at Vertex when they
realized they are possibly clinging to the wrong biology.
“They were horrified, irate, that Vertex was claiming to do
structure-based drug design while it still wasn’t clear what
they were designing molecules to do. ... If FKBP wasn’t the
right target, then all Vertex’s work was suddenly voided —
everything. What good were better inhibitors of a protein
that was biologically irrelevant?” [5].

Likewise, the government expresses similar views [6]. In their
2001 “Bypass Budget,” intended to define new research op-
portunities, the National Cancer Institute (NCI) stated the
importance of research focusing on molecular targets for
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Figure 1. Academia is where discoveries in basic science and biology
are made. The pharmaceutical companies play the role of
the chemist.

the discovery and clinical testing of new anticancer agents
“based on the molecular mechanisms that underlie neo-
plastic transformations, cancer growth and metastasis.” This
document understands that, in the past twenty years, we
have seen an explosion in our understanding of how can-
cer cells work. Scientists have identified specific molecules
that cause the initiation and progressive growth of tumors,
something which has provoked a fundamental rethinking
of how scientists must go about discovering and developing
drugs for the treatment and prevention of cancer. As this
report points out, there is now the opportunity to back off
from screening agents by their effects on tumor cell growth,
in vivo or in vitro, and targets that have been systematically
exploited. While these methods might continue to be the
basis for the development of clinically useful agents, these
agents may not be the best lead compounds that affect a
particular pathway of biologic importance specific for can-
cer formation or progression.

The NCI has suggested that drugs which have been discov-
ered and developed by these earlier methods have often
been shown to be clearly limited in their scope [6]. Their
hope is that innovative drugs, which target newly recognized
molecular aberration in cancer cells, will provide more ef-
fective therapy or prevention approaches, that is, reverse,
stop, or delay cancer progression. As the report states, it is
noteworthy that in this process the pharmaceutical industry
has clearly seized a defining role in expeditiously advancing
potentially useful compounds to a clinical test. However, in
each of the instances cited, the pioneering studies on the
targets to which these drugs are directed occurred largely
in the academic sector.

Additionally, according to the NCI, traditional methods in
drug discovery produce drugs with limited efficacy. Moreover,
one cannot expect any new drugs to come from using the
old approach. To find new drugs, not copycats, one needs
a solid understanding of the basic biological mechanism
that underlies the disease [6].

Consistent with the NIH Panel on AIDS Research Program
Evaluation, the contribution of biological understanding to
the discovery and development of treatment is undeniable.
The NIH funds scientists who generate much of the basic
science information about the biology of the pathogens re-
sponsible for AIDS associated opportunistic infections that
provides the necessary foundation for successful drug de-
velopment efforts. That is, advancement in understanding
the fundamental biology and pathogenesis of these diseas-
es is necessary if prevention and treatment of AIDS-associ-
ated opportunistic infections is to be achieved [7].
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To sum up, there is a consensus that there is no successful
drug discovery without reasonable biology. The pharmaceu-
tical industry understands this relationship and therefore
has assigned this job to the government. The government
accepts the responsibility and allocates funds to academic
institutions for researching the biology of disease, (better
known as basic research). The Office of Budget (OB) is at
the hub of program budget and resource allocation at the
National Institutes of Health (NIH), reconciling a $20.3 bil-
lion budget in FY 2001 with appropriations to 25 institutes
and centers within the NIH. Given the importance of med-
ical research in fighting disease and improving the nation’s
health, the enormous range of possible subjects of research,
and the thousands of talented investigators who seek fund-
ing, the National Institutes of Health (NIH) must make
choices about where and how it spends its money [8].

DiscussIoN

When the basic science/biology of disease is not available,
no new dugs come to market and or the use of surrogates
as targets in drug discovery becomes inevitable.

Although we can be justifiably proud of our research dis-
coveries, if we do not bridge the profound disconnect be-
tween these often atomistic research functions, our progress
against suffering and mortality from devastating chronic dis-
eases will continue to be long-drawn-out, imbalanced, and
incremental. Cancer, obesity, and atherosclerosis are not
just scientific and medical issues, but represent moral and
ethical challenges that must be met.

In a recent editorial, Marc Kaufman, Washington Post Staff
Writer, wrote a pertinent article titled: “Decline in New Drugs
Raises Concerns”. It was an eye opener. Kaufman claims
that the decline in the number of new drugs is most pro-
nounced in the priority drugs category considered by the
Food and Drug Administration to have the greatest prom-
ise for patients. Yet, the number of industry applications for
ground-breaking new drugs is down significantly, and the
average time needed by the FDA to review applications is
ever-increasing. The net result of both trends is a steep de-
cline in the number of new drugs coming to the market,
and growing disappointment among many patients, their
families and advocates. According to Kaufman, the possi-
ble reasons for the decline, whether it is a function of FDA
caution after some high-profile drug withdrawals, industry
shortcomings and strategies, or a combination of both, are
the subject of an increasingly urgent debate [9].

Califf RM and Kramer JM [10] reported that in some re-
search situations (e.g., the evaluation of calcium channel
blockersin the treatment of hypertension and angina), clini-
cal investigation has stopped with the measurement of patho-
physiological surrogates like blood pressure or clinical meas-
urements that reflect a short-term outcome. If one does not
understand the disease on a molecular or cellular level, one
has to compromise, and use surrogates, however, the result-
ing new drugs are ineffective or even harmful.

Why isn’t the basic science/biology of disease available?
Individual discoveries in the biology of human disease are
cornerstone in new treatments. However, in drug discov-
ery, these basic science/biology discoveries are seeming-

ly unrelated dots. To connect the dots you need a theory.
The Blind Men and the Elephant is a famous story about
six blind men encountering an elephant for the first time.
Each man, seizing on the single feature of the animal, which
he appeared to have touched first, and being incapable of
seeing it whole, loudly maintained his limited opinion on
the nature of the beast. The elephant was considered a
wall, a spear, a snake, a tree, a fan or a rope, depending on
whether the blind men had first grasped the creature’s side,
tusk, trunk, knee, ear or tail. The story epitomizes the prob-
lem of the reductionist approach in biology. A recent book
Microcompetition with Foreign DNA and the Origin of Chronic
Disease, by Hanan Polansky [11], presents an alternative.
The book identifies the disruption that causes atherosclero-
sis, cancer, obesity, osteoarthritis, type II diabetes, alopecia,
type I diabetes, multiple sclerosis, asthma, lupus, thyroidi-
tis, inflammatory bowel disease, rheumatoid arthritis, pso-
riasis, atopic dermatitis, graft versus host disease, and oth-
er chronic diseases, and describes the sequence of events
that leads from the disruption to the molecular, cellular,
and clinical effects.

Based on today’s research environment, it is impossible for
a scientist to see the whole picture. He may review a new
idea/discovery with the greatest curiosity and scholarly care,
studying its structure, analyzing, measuring, and trying to
weigh its ultimate clinical significance, but he will never un-
derstand everything that potentially makes it a great biomed-
ical discovery. He simply cannot help but perceive it from
his own limited point of view, to which he has been condi-
tioned and motivated by his previous academic/research
experiences. It is therefore important to shift some of the
focus to theoreticians who can start connect these seeming-
ly unrelated observations.

How often do applicants conduct a compelling cost-bene-
fit analysis? In many cases, the significance is noted, and if
all the i’s are dotted and the t’s crossed, the proposal has a
good chance to be funded. While there are numerous oth-
er criteria by which the proposal is reviewed, funding for
research is more likely to occur if the investigation subject
is popular or even innovative, regardless how far-off the sur-
rogates’ outcomes are or how focused it may be, let alone if
the reviewers share the same paradigm. According to Califf
RM [12], when finances are notably constrained, we must as-
sess the value derived from spending money on health care
projects, that is, exercise a cost-effectiveness analysis. Califf
RM is using the case of the platelet glycoprotein IIb/IIIa
inhibitor — abciximab, to illustrate many of the issues sur-
rounding the collection, interpretation, and misapplication
of cost-effectiveness data.

Similarly, conclusions about the efficacy of medical inter-
ventions are based on data presented in the scientific lit-
erature. The validity of these conclusions is threatened if
publication bias results from investigators or editors mak-
ing decisions about publishing study results on the basis of
the direction or strength of the study findings [13].

Furthermore, Professor Thomas S. Kuhn made an inter-
esting case in his book [14] that individuals who revolu-
tionize and or discover a new paradigm are almost always
very new to the field whose paradigm they change. These
scientists have minor or no commitment to t
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rules of the science they practice. Granted that no theory
can ever be exposed to all possible applicable tests, they ask
not whether a theory has been verified but rather about its
probability in the light of the evidence that actually exists.
Professor Kuhn implied that the typical scientist is not an
objective, free thinker and skeptic. Rather, he is a somewhat
conservative individual who accepts what he was taught and
applies his knowledge to solving the problems that come
before him, i.e., he tends to solve problems in ways that
keep the existing paradigm of scientific knowledge intact,
rather than framing a way of thinking that asks new ques-
tions and makes new answers possible, even as it exposes
the limits of the existing paradigm. This pattern is particu-
larly true for those whose productive careers have commit-
ted them to an older, established tradition of what has be-
come “normal” science.

FUTURE DIRECTIONS

Academia and the drug industry must adopt a unified bio-
medical research approach rather than a multitude of what
appears to be unrelated reduction methodologies, especially
the basic science/biology end of it. What we need today in
biology is good theories, more system thinking, and more
collaborative cross-laboratory research.

Additionally, we must provide incentives to those theoreti-
cians, that have the ability to imagine, reflect and conduct
research in a unified manner, that is, encourage those that
see patterns that others can not perceive, namely, see the
human body (the “elephant”) as a whole.

And last but not least, select research problems that are of
higher priority. Rationalize research projects that are nar-
row-minded and/or have no significant consequences, that
is, are in fact unrelated and limited.
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