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Fostering Chemopreventive Agent Development: How to Proceed? 
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Abstract Improved molecular-based detection of early epithelial cancer creates an opportunity for 
selective pharmacologic agents to arrest the development of emerging cancers. Developing a successful 
prevention approach to cancer control could eventually lead to a significant decline in cancer mortality 
rates; progress depends on the amount of resources committed to this area. Most major prevention trials 
are federally supported due to their size, duration, and cost. Much of the initial developmental cost for 
advanced cancer treatment agents was supported by the pharmaceutical industry. Developing a cancer 
treatment agent is perceived as more clearly defined and achievable than for prevention agents. Prelimi- 
nary discussions with representatives of the pharmaceutical and biotech industry have identified a 
number of barriers to chemoprevention product development. Researchers agree that a number of 
promising agents are being passed over for expeditious development due to the uncertainty associated 
with chemoprevention drug development. The major factors affecting this circumstance are considered, 
including cost of clinical trials, absence of a positive model, and inability to project liability exposure. 

Similar problems were encountered in the area of childhood vaccine development. Insights from that 
process may have applicability to prevention drug development. Resolving these problems now can 
have a significant effect on the rate of progress in this promising new approach to cancer control. 
0 1995 Wiley-Liss, Inc.* 
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DEFINING THE PROBLEM 

Since the seventies, the lack of success in treat- 
ing advanced cancer has lead to a systematic 
trend to treat earlier stages of the disease [1,21. 
With the limited success of even adjuvant and 
neo-adjuvant approaches [3], the need to inter- 
vene even earlier is evident. Recent efforts with 
tamoxifen and retinoids have highlighted the 
possibilities in this regard. Individuals who de- 
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velop a first epithelial cancer are at increased 
risk of developing additional cancers in the re- 
maining parts of the afflicted organ. Trials in 
which women receive tamoxifen as adjuvant 
therapy for locally advanced breast cancer show 
a significant reduction in the rate of new contra- 
lateral primary breast cancers [4]. The success of 
tamoxifen in suppressing additional breast can- 
cers is thought to be due to its neutralizing ef- 
fects on the breast cancer-promo ting properties 
of estrogen. The ongoing Breast Cancer Preven- 
tion Trial which randomizes 16,000 women to re- 
ceive tamoxifen or placebo is designed to evalu- 
ate the exact benefit [51. Due to the magnitude of 
the chemopreventive benefit seen in the tamoxi- 
fen adjuvant trials, many investigators expect 
major benefits will be seen in the ongoing tamox- 
ifen prevention trial. Similar reports from the 
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groups at M.D. Anderson Cancer Center (Hous- 
ton, TX) and Milan have suggested that retinoids 
may suppress new aerodigestive cancers in pat- 
ients already successfully treated for a first aero- 
digestive cancer [6-91. If ongoing trials confirm 
that intervention helps to control early cancer, 
there may be significant promise for reducing 
cancer mortality. The ability to detect the early 
phase of epithelial cancer is improving as a by- 
product of the molecular diagnostic progress 
[ 10-121. 

The gap between scientific/medical possibil- 
ities and research investment in prevention con- 
stitutes a critical impediment to the development 
of more effective cancer management measures 
leading to improved cancer outcomes. This man- 
uscript attempts to summarize the basis for this 
situation. 

Despite a maturing knowledge of molecular 
carcinogenesis, the pharmaceutical companies 
have limited interests in developing prevention 
agents. A number of problems have been cited as 
contributing to this situation. The actual develop- 
ment of a new cancer even in a "high risk" pop- 
ulation is uncommon. This means definitive trial 
designs require large populations with long 
study durations. A manufacturer may invest as 
much a $150,000,000 in the process of sponsoring 
a new drug through the approval process [13]. 
As summarized in Table I, clinical trials to eval- 
uate intervention drugs take longer to complete 
than conventional chemotherapy trials and may 
routinely involve more biological monitoring [6], 
increasing the interval from development of a 
new drug to final Food and Drug Administration 
approval. Consequently, direct costs are high; the 
cost of the "clinicals" and the capital invested in 
the effort will be greater. Since the approval pro- 
cess takes longer, the current length (17 years) of 
patent protection would be functionally shorter 
for an intervention drug. Current patent protec- 
tion may not be adequate for drugs that are al- 

ready available or for new drugs that take a long 
time to show clinical benefit. This would again 
compromise a sponsor's ability to recover an ini- 
tial financial investment. A pharmaceutical com- 
pany can only undertake the massive cost of new 
product approval if it appears likely that the 
investment will be rewarded. For these reasons, 
the need to invest large dollar amounts in pre- 
vention trials has discouraged significant phar- 
maceutical industry support. 

Currently there are no approved prevention 
drugs so the precise path to a successful product 
is unclear. The requirements for regulatory re- 
view are not established. The cost of performing 
toxicology testing on a prevention compound is 
likely to be much more expensive since chronic 
use of a chemoprevention agent by high-risk 
subjects would be the rule. Industry experience 
with breast implants points out the volatility of 
new product development. Before a company 
can responsibly invest a large amount of capital, 
it also has to develop a cost plan that anticipates 
all significant expenses related to the product 
development effort. Product liability awards for 
other preventive products such as vaccines have 
traditionally been large [141. Both the large num- 
ber of participants required for prevention drug 
validation and the typical good health of individ- 
uals receiving an intervention compound indicate 
that intervention agent manufacturers would 
have vast downstream exposure for product lia- 
bility suits. This risk is particularly difficult in a 
business environment since no reasonable boun- 
daries on the risk-exposure can be developed, 
and the liability exposure of a manufacturer to 
adverse outcomes is likely to be much more pro- 
blematic than is currently experienced with can- 
cer treatments. 

These problems are exacerbated by the current 
state of biotech industry funding. From a high of 
over $3.6 billion invested in this industry in 1991, 
only $0.7 billion have been invested through the 

TABLE I. Distinctive Features of Intervention Trials 
Large trial size 

Long study duration 
Potential for significant product liability exposure 

Volatility with reimbursement issues 
Lack of successful development model 
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first eight months of 1994 [131. This decrease in 
funding reflects both underlying economic condi- 
tions and a maturation of realistic expectations 
by the investment community. Intervention re- 
search is only a small percent of the total portfo- 
lio of the biotech industry. In light of the pre- 
viously discussed issues, companies developing 
intervention agents do not have sufficient mo- 
mentum to overcome the current downward 
trend in global biotech funding. 

A further complication is that not all of attrac- 
tive intervention compounds are new drugs. For 
example, aspirin enjoys functional orphan status 
relative to its use as an intervention compound 
for colon cancer because it is an old drug readily 
available over the counter [151. No industry 
sponsor will assume the substantial cost of a 
validating clinical trial with no possibility of 
market protection. This may leave the federal 
government as the sole institution able to con- 
duct a definitive aspirin intervention trial. The 
cost of the tamoxifen intervention trial is on the 
order of $60,000,000. Since industry now invests 
more in pharmaceutical research and develop- 
ment than the government, it would be unfortu- 
nate if those resources could not be recruited to 
accelerate the development of these new and 
potentially more effective agents. 

These challenges were noted in the recent 
evaluation of the National Cancer Program by a 
subcommittee of the National Cancer Advisory 
Board (NCAB) [161. The report, entitled "Cancer 
at  a Crossroads," is summarized in Table 11; its 
conclusions reinforce the issues already discuss- 
ed. If support for clinical investigation is not pro- 
vided as part of the health reform process, the 
feasibility of conducting prevention trials is fur- 
ther eroded. The major cost of developing a new 
drug is incurred during Phase I11 clinical trials. If 
health care reform eliminates cost sharing of this 
process, significant new funds will have to be 
identified or these agents will not be developed. 
The subcommittee concluded that current laws, 
public policy, and government regulation under- 
mine cancer prevention and control efforts. Com- 
bined with the previously mentioned patent 
issues, this highlights the lack of coordination for 
these complex issues. Clearly, we need to work 
on better characterizing these problems so that 
measures to improve this situation can be initi- 
ated. 

The NCAB report communicates grave con- 

cern about adequate support for translational re- 
search, which encompasses a range of efforts 
applying basic science information to new ap- 
proaches in clinical care. Most ongoing preven- 
tion research falls into this general category 
Again because many current prevention research 
opportunities are the by-product of new concepts 
and employ new research tools, funding mechan- 
isms to support these efforts are not well estab- 
lished. The report notes that many of the new 
prevention efforts require multiple professional 
disciplines including clinical, basic science and 
epidemiology. Translational scientists who appre- 
ciate a range of these disciplines are rare. Estab- 
lishing training paths to increase this talent pool 
is fundamental to success. Many more trained 
prevention researchers are clearly needed in in- 
dustry as well as in academe. 

WORKING TOWARDS A SOLUTION 

A formidable range of issues must be coordi- 
nated to permit integrating intervention agents 
into clinical practice, but precedence is provided 
by the experience of developing childhood vac- 
cines. Responding to concerns that production, 
distribution, and administration of childhood 
vaccines was suboptimal, the Institute of Medi- 
cine conducted a comprehensive analysis; the 
results, briefly summarized for this discussion, 
have been recently published [141. 

The utility of vaccines is beyond dispute. 
Nevertheless, each year over two million deaths 
and five million cases of disability occur world- 
wide from diseases that are preventable by vac- 
cination. This is a major problem in the United 
States-our rate of vaccination is lower than 
many developing nations. The logistics of vaccin- 
ation could be greatly simplified if they were 
formulated to reduced the number of requisite 
administrations and did not require refrigeration. 
Despite major scientific breakthroughs in rele- 
vant areas, the public health community felt that 
refinement of vaccine technology was not 
occurring. Large numbers of fatalities occur from 
other infectious diseases for which no effective 
vaccine yet exists. A group of concerned 
professionals developed a focus group called the 
Children's Vaccine Initiative (CVI) to address 
shortcomings in this area. The CVI established as 
their primary goal the development of an afford- 
able, heat-stable, multiple-antigen, single-dose 
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vaccine. CVI organizers were aware that no 
single entity had the resources to achieve this 
goal; so they organized a forum to examine the 
strategic, logistic, and policy issues relevant to 
the industrial development and introduction of 
the proposed CVI vaccination product. Areas of 
analysis included quality control, global vaccine 
supplies, and epidemiologic studies to monitor 
the need for the new product. The Institute of 
Medicine (IOM) was asked for advice on domes- 
tic participation in this process. The IOM man- 
date included characterization of economic, legal, 
regulatory, policy, and other factors which, in 
any way, influenced the development, produc- 
tion, and distribution of vaccine. The IOM was 
also supposed to recommend ways to enhance 
cooperation and participation among relevant 
domestic sectors to help realize the goals of the 
CVI. 

Finding no direct connection between research 
and development on one hand, and the use of 
vaccines on the other, was most disturbing to the 
IOM committee. The various decision makers do 
not work together; in fact, they respond to dif- 
ferent pressures. Lack of a domestic strategy has 
impeded full childhood vaccine development in 
the United States. In the US, only very large 
agencies buy vaccines, leading to an austere 
commodities price structure. Little new research 
is being done; new product development has 
been stifled. The cost of producing a vaccine is 
extraordinarily expensive in terms of physical 
plant and regulatory review. Due to these con- 
ditions, the IOM study concluded that it is un- 
reasonable to expect a commercial manufacturer 
to pursue vaccine development. The anticipated 
costs associated with research and development 
may be too high, patent issues may be too com- 
plex, the licensing process may present unaccept- 
able obstacles and the risk of liability may ap- 
pear too great. 

The IOM committee noted that "when stable, 
predictable and long term returns can be expect- 
ed, commercial vaccine manufacturers have de- 
monstrated their ability to manage and oversee 
the entire spectrum of activities required to take 
a vaccine from the point of proof of principle to 
the point of production and distribution". The 
committee concluded that successful US partici- 
pation in the effort will depend on effective 
cooperation and collaboration among govern- 
ment, universities, and the private sector (the 

IOM committee specified the private sector, both 
biotechnology firms and established vaccine 
manufacturers, as the most important partici- 
pants). The committee recommended establishing 
an entity to advance production and procure- 
ment of new and improved vaccines with high 
public health benefit. To be successful, the entity 
would have to balance its public health mission 
and its entrepreneurial activities. This would 
require broad representation on its planning 
board. The IOM committee specifically stated 
that no federal agency has the multidisciplinary 
capability required to manage the integrated 
development, production, and procurement of 
needed vaccines. The entity envisioned by the 
IOM committee would be responsible for cultiva- 
ting a more fertile environment for targeted tech- 
nology development in this critical public health 
area. 

Parallels between vaccine development needs 
and development of intervention agents are 
direct and indisputable. The process of amelio- 
rating the current situation with intervention 
drug development could be structured in pre- 
cisely the same fashion as was proposed for 
vaccines. Most crucial is to initiate dialogue to 
define the problems of prevention drug develop- 
ment so that all relevant sectors understand its 
dimensions. A strategic effort in the development 
of new cancer chemopreventive agents similar to 
that used by the IOM to resolve vaccine develop- 
ment problems should be pursued. Societal frus- 
tration with the slow pace of progress in cancer 
research is approaching historic proportions. 
Creating an environment in which these new 
drugs can be expeditiously developed and tested 
is one of the most important challenges facing 
the cancer research community today. 
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