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There has been extensive debate over whether private-sector bioprospecting for 
pharmaceutical compounds creates significant incentives for biodiversity 
conservation. We offer a case study of the discovery and commercial development 
of the anti-cancer drug taxol from the Pacific yew tree, highlighting neglected 
issues in the debate over bioprospecting and conservation incentives. The 
discovery of taxol and the search for taxol-like compounds illustrates how 
bioprospecting can substitute threats to biodiversity from over-harvesting for 
threats to biodiversity from habitat conversion. As this example illustrates, 
whether creation of market demand for genetic resources encourages or 
discourages biodiversity conservation depends crucially on underlying property 
rights. 

 INTRODUCTION   
There has been extensive debate over whether private-sector 

bioprospecting for pharmaceutical compounds creates significant incentives for 
conservation of biological diversity. This Article examines how an actual 
discovery of a medically and economically important compound affected a range 
of conservation incentives. We offer a case study of the discovery and commercial 
development of the anti-cancer drug taxol from the Pacific yew tree, highlighting 
some neglected issues in the debate over bioprospecting and conservation 
incentives. The discovery of taxol and the search for taxol-like compounds 
illustrates how bioprospecting can substitute threats to biodiversity from over-
harvesting for threats to biodiversity from habitat conversion. As this example 
illustrates, whether creation of market demand for genetic resources encourages or 
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discourages biodiversity conservation depends crucially on underlying property 
rights.  

I. BIOPROSPECTING, PROPERTY RIGHTS, AND BIODIVERSITY 
CONSERVATION  

Bioprospecting is the search among living organisms for compounds that 
have commercial value as active ingredients in pharmaceuticals, pesticides, and 
other products. Natural products, derived from plants and animals, remain a basic 
source of many pharmaceuticals. Soejarto and Farnsworth estimated that roughly a 
quarter of prescription drugs contain some natural products.1 This percentage 
increases when one considers traditional medicines used in developing countries.2 
Despite advances in chemistry and biotechnology, production of these drugs via 
synthesis, tissue culture, or genetic manipulation often remains uneconomical. The 
anti-malaria drugs quinine and quinidine, for example, are still produced from 
chinchona bark. Madagascar’s rosy periwinkle, Catharansus roseus, remains the 
basic ingredient in the anti-cancer drugs vincristine and vinblastine, as well as the 
anti-hypertension drug ajmalicine. Artimisinin, used to treat drug-resistant malaria, is 
produced through semisynthesis using material isolated from the shrub Artemisia 
annua, long used in traditional Chinese medicine.3 Semisynthesis uses large, 
complex molecules isolated from plants, animals or bacteria as building blocks to 
produce a wide range of drugs and other chemicals.4  

In addition to providing raw materials for medicines, natural products 
also provide information for pharmaceutical development: the molecular structures 
of natural products serve as blueprints or as leads in developing compounds. 
Millions of years of evolution have led to molecules organic chemists would not 
dream of producing. These molecules often have novel mechanisms of action 
against diseases. With advances in biotechnology, the scope for using this genetic 
information to develop new medicines has increased. Wildlands, where species 
reside, have an option value as a potential source of genetic materials and 
information.  

Biodiversity as a source of medical breakthroughs has drawn considerable 
attention from the medical and environmental communities.5 The Earth’s 
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biodiversity may be thought of as a vast, unexplored library with information leading 
to many possible medical breakthroughs. The total number of species on the planet is 
unknown, and only a small number have been screened for medical activity. Further, 
the medical screening process has improved over time, so compounds thought to be 
of little value at one time may turn out to be quite important later. Based on sheer 
numbers, areas rich in biodiversity, such as tropical rainforests, appear promising for 
exploration of new drugs. Biologists estimate that the tropics are home to most of the 
world’s plant and animal species, with the tropical forests especially rich in species.6 
Mendelsohn and Balick identified forty-seven major pharmaceuticals derived from 
compounds from tropical flowering plants.7 Extrapolating from past discoveries and 
estimates of species numbers, they estimated that over 300 undiscovered drugs 
remain in tropical forests and that these drugs are worth $147 billion to society.8  

Yet, 42 million acres of tropical forests are cleared annually, primarily for 
subsistence agriculture and cattle ranching,9 and the resulting habitat conversion is 
considered the primary cause of biodiversity loss.10 These circumstances beg the 
question: if genetic resources have such value (actual or potential) for 
pharmaceutical development, why are they being depleted so quickly? While 
conserving genetic resources that are potential sources of new medicines may 
make sense from a social perspective, private decision-makers may often lack 
incentives to do so.  

While natural products have been important sources of pharmaceutical 
materials and information, historically the pharmaceutical industry has hesitated to 
engage in much collecting and testing of genetic materials. This reluctance may 
stem from public-good aspects of information about the value of genetic 
materials.11 A firm collecting and screening biological samples would have 
difficulty excluding others from the information that a sample showed promising 
medical activity. This would be particularly true as a compound’s origins, 
mechanism of action, and efficacy were revealed through required disclosures 
during the drug-development application process and through clinical trials. 
Although the knowledge of a compound’s medical activity may be valuable, firms 
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have an incentive to free-ride off the search and discovery activities of others. 
Thus, expected private economic gains to bioprospecting by individual companies 
are considerably less than social gains.  

Another disincentive for natural product collection and screening can be 
traced to historically weaker intellectual property protection for biological 
innovations, compared with mechanical or chemical innovations. The mere 
discovery of a new plant, animal, or other organism found in the wild cannot be 
patented. This legal rule limits firms’ abilities to exclude others from access to raw 
genetic materials once discovery becomes known. Because of these disincentives 
for private sector collection, large-scale, sustained search and screening of plant 
and animal materials for medical or agricultural applications historically has been 
carried out by the public sector.  

Tropical countries have also been unable to exercise intellectual property 
rights and capture gains from products developed from their raw genetic materials. 
For example, while Eli Lilly, maker of vinblastine and vincristine, derived from 
Madagascar’s rosy periwinkle, earned $100 million per year from these drugs. 
Madagascar, the source of the raw materials, received no royalties from sale of the 
drug.12  

Yet another disincentive for conservation is competing demands for lands 
that serve as wildlife habitats. Returns to these other uses (such as timber 
harvesting, farming, or ranching) represent opportunity costs of habitat 
preservation. In principle, forests could be used as extractive reserves where 
medicinal plants (and other products) are harvested renewably. In a study of 
Belize, Balick and Mendelsohn estimate that returns from such an extractive 
reserve (at least over a small area) could yield returns that compare favorably with 
agricultural production.13 In many other instances, however, incentives for land 
clearing simply outweigh conservation incentives. This imbalance may stem from 
poverty and insecurity of tenure on tropical land frontiers,14 from active 
government policies to encourage land conversion,15 or from both.  

In the 1980s and 1990s, technological and institutional changes led to 
increased incentives for and renewed interest in natural product development. 
Advances in biotechnology have increased the ability of scientists to genetically 
engineer new organisms.16 In Diamond v. Chakrabarty, the Supreme Court ruled 
that organisms bred or genetically modified for novel traits could be patented.17 
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The U.S. Patent and Trademark Office extended the Supreme Court’s decision, 
ruling that utility patents could be awarded for human-developed traits in plants18 
and animals.19  

 Not only did United States law redefine property rights in natural 
products; international agreements took part in this shift as well. Historically, it 
was common practice for botanists or plant scientists to send materials back to 
their home countries for screening without the knowledge or consent of the 
country of origin.20 The United Nations Convention on Biological Diversity, which 
entered into force on December 29, 1993, seeks to change that practice. Article 15 
of the Convention asserts that (a) countries have sovereign rights to their genetic 
resources (section 1), (b) access to genetic resources shall be subject to prior 
informed consent of the source country (section 5), and (c) access shall be on 
mutually agreed terms (section 4).  

 In addition, Article 15 (7) of the Convention states: 
 Each Contracting Party shall take legislative, 
administrative or policy measures . . . with the aim of sharing in a 
fair and equitable way the results of research and development and 
the benefits arising from the commercial and other utilization of 
genetic resources with the Contracting Party providing such 
resources. Such sharing shall be upon mutually agreed terms.21 

This provision formalizes the right of a country to use its property rights over 
genetic resources to gain a greater share of the benefits from technologies using 
those resources. 

Another indication of the international shift is the Uruguay Round of the 
General Agreement on Tariffs and Trade (GATT); it was finalized in 1994 and 
created minimum standards for intellectual property protection for commercially 
developed seed and plant varieties.22 Article 27, 3(b) states, “Members shall 
provide for the protection of plant varieties either by patents or by an effective sui 
generis system or by any combination thereof.”23 

In the wake of these redefinitions of property rights over both naturally 
occurring and human-modified genetic resources, a number of biologists and 
conservationists have touted bioprospecting arrangements as ways to 

                                                                                                                 
  18. Ex parte Hibberd, 227 USPQ 443 (B.P.A.I. 1985). 
  19. Ex parte Allen, 2 USPQ 2d 1425, 1427 (B.P.A.I.1987). 
  20. United Nations Conference on Environment and Development: Convention 

on Biological Diversity, June 5, 1992, 31 I.L.M. 818. 
  21. Id. at 828. 
  22. Agreement on Trade-Related Aspects of Intellectual Property Rights, April 

15, 1994, General Agreement on Tariffs and Trade: Multilateral Trade Negotiations Final 
Act Embodying the Results of the Uruguay Round of Trade Negotiations, Annex 1C, 33 
I.L.M. 1125, 1197. 

  23. Id. 



550 ARIZONA LAW REVIEW [VOL. 50:545 

simultaneously develop medicines and improve conservation incentives by 
allowing developing countries to capture gains from new product development.24 

Indeed, a number of bioprospecting arrangements reflecting these trends 
have arisen. The most studied was one between the pharmaceutical multinational 
Merck, the Instituto Nacional de Bioversidad (“INBio”), a Costa Rican non-profit 
private organization, and the government of Costa Rica.25 The agreement 
originally was a two-year collection contract, in which INBio received a $1 million 
payment plus more than $100,000 in equipment. INBio scientists received 
technical training locally and at Merck facilities. INBio was also to receive an 
undisclosed percentage of royalty payments for any discoveries Merck made, to be 
shared with Costa Rica’s Ministry of Natural Resources. Merck retained first rights 
to patent discoveries, however.26 In February of 1997, the agreement was renewed, 
with Merck expected to provide an additional $1 million in research funds during 
1997 and 1998.27 In addition, INBio was paid for sample collection and 
processing. The Costa Rican government and INBio also cooperated with Cornell 
University and Bristol-Myers Squibb to collect and screen insects as a source of 
drugs.28  

Federal government agencies in the United States have also attempted to 
encourage bioprospecting agreements. In 1992, the U.S. Agency for International 
Development implemented a program encouraging joint biodiversity research and 
development between developing countries and private industry.29 The U.S. 
National Cancer Institute (“NCI”) has entered into contracts with organizations in 
Madagascar, Tanzania, Zimbabwe, and the Philippines, while the British firm 
Biotics has signed agreements with organizations in Ghana and Malaysia.30  

The International Cooperative Biodiversity Group (“ICBG”) was initiated 
by the U.S. National Institute of Health (“NIH”), the U.S. National Science 
Foundation, and the U.S. Agency for International Development in 1993 to 
promote drug discovery, biodiversity research, and conservation by funding 
research consortia and encouraging royalty payments to developing countries in 
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the event of discoveries.31 Since then, they have financed several consortia of 
government agencies in developing countries, U.S. universities, and private firms.  

As these examples illustrate, the terms of these bioprospecting 
agreements often vary greatly. A source country may simply provide access to 
natural resources, or it can provide complete prospecting services, such as 
screening and evaluating the samples. Agreement terms also depend on search 
strategy. Drug prospecting entails collecting samples that are screened for activity 
against a certain disease (e.g., cancer or AIDS). Prospecting can focus on random 
collections of plants or other living things. Drug companies often prefer random 
collection because it yields more diverse samples.32 Prospecting can also be 
targeted, with collectors using ethno-botanical or ethno-medical information to 
narrow the search.33 Targeted samples are usually collected and screened on a 
slower, smaller scale. In this type of prospecting, the source country often supplies 
traditional knowledge.34  

The methods of compensating source countries vary and can be complex. 
In the simplest model, the source country is paid a fee for samples. Often, 
agreements provide the source country with royalties from the sale of a successful 
product, should one be developed. Here, the source country faces the possibility 
that such a compound may not be found, and thus, no royalty payments may be 
received.35 Royalty provisions often have an inverse relationship with up-front 
payments: the larger the up-front payments, usually the smaller the royalty rate.36  

A more complex model involves the use of ethno-botanical or ethno-
medical data, which can raise complicated intellectual property rights issues over 
how suppliers of traditional knowledge are compensated.37 A royalty scheme may 
become further complicated if indigenous knowledge was used to select the 
sample and the sale of the product takes place some time in the future. For 
example, identifying which group or groups initially developed the knowledge 
may be difficult to identify. Determining who has a right to compensation for 
“traditional” knowledge could also be difficult.38 Other forms of compensation 
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may include technology transfer, training, job opportunities, and the right of first 
refusal as supplier of the resource.39  

To summarize thus far, biologists and conservationists suggest 
bioprospecting contracts can simultaneously find new medical breakthroughs and 
provide developing countries with economic incentives to conserve genetic 
resources. Advances in biotechnology and changing definitions of intellectual 
property rights over biological innovations have spurred a number of 
bioprospecting arrangements. These arrangements, however, are multi-faceted and 
complex. We turn now to economic assessments of the potential for bioprospecting 
contracts to encourage biodiversity conservation.  

II. ECONOMIC ASSESSMENTS OF BIOPROSPECTING CONTRACTS 
While many biologists and environmentalists have seen bioprospecting 

agreements as avenues to improve incentives for habitat conservation, economists, 
by and large, have taken a more skeptical view. Simpson et al. noted that while 
biodiversity as a whole is extremely valuable, for bioprospecting, it is the value of 
a marginal species that matters.40 They argued that this marginal value of habitat 
will be low (e.g. $21/hectare).41 When several species produce the same chemical 
compound, the probability of discovering the compound’s value is high, but 
discovery in one species will render other species redundant as a source of that 
compound. In cases where a compound is rarely found (for example, in one and 
only one species), the probability of finding a useful lead will be quite small.  

Rausser and Small, in contrast, found that marginal values of species 
from bioprospecting could be large (over $9,000/hectare).42 In such cases, private 
bioprospecting contracts could indeed create incentives to conserve biological 
diversity. Rausser and Small attribute this difference to the role of information 
search process. While Simpson et al. assume a random search process, Rausser and 
Small assume that prospectors can use information to carry out more efficient 
searches. By using scientific information, one could search for bioprospecting 
leads in a more efficient order instead of carrying out random searches. This 
targeting—so their argument goes—raises the value of new searches at the margin. 
An important policy implication of this argument is that investment in scientific 
information can stimulate biodiversity-conserving contracting agreements.43  

Costello and Ward have examined the role of information and search 
processes on marginal values of biodiversity-rich habitats, explicitly comparing the 
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models and results of Simpson et al. and Rausser and Small.44 Based on numerical 
values assumed in both studies, they calculated the marginal value of land in 
biodiversity hotspots for both random searches (as in Simpson et al.) and optimal 
searches (as in Rausser and Small). Costello and Ward found that use of 
information in the search process did raise marginal values, but that increase 
accounted for only 4% of the difference in the results of the two studies. The bulk 
of the difference came from different assumptions about other parameter values 
used in their models. Costello and Ward then derive ranges of estimates of the 
marginal value of habitat using ranges of parameter values from existing literature. 
Based on this exercise, their results support Simpson et al.’s assertion that the 
marginal value of land under bioprospecting would be low and insufficient to 
counter conversion incentives.45 Allowing for more efficient, information-based 
searches increases the marginal value of land, but not enough to change this result 
qualitatively.46  

Other studies focus on different aspects of bioprospecting problems but 
reach similar conclusions. Taking a somewhat different modeling approach, 
Barbier and Aylward conclude it is unlikely that revenues from bioprospecting 
alone will adequately compensate for the opportunity costs of habitat protection.47 
They suggest, however, that countries could be adequately compensated for 
investments to develop taxonomic information. Their conclusions appear 
consistent with ICBG projects that have funded such taxonomic information 
collection but have yet to yield significant royalty payments to finance large-scale 
conservation efforts.48 Barrett and Lybbert emphasize the difficulties of 
transferring bioprospecting gains to the poor in tropical countries, who are making 
land-clearing decisions.49 Frisvold and Condon emphasize that the opportunity 
costs of conservation are products of landholding inequality, poverty, tenurial 
insecurity, and government policies that encourage habitat conversion.50 Rather 
than focus on the absolute value of bioprospecting gains, they argue that 
opportunity costs are large relative to potential bioprospecting gains and growing 
significantly over time.  

Yet another approach, taken by Polasky and Solow, developed a more 
general model of the search process.51 They point out that, contrary to the Simpson 
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et al. and the Rausser and Small models, species sharing a beneficial trait may not 
be perfect substitutes, so search will not necessarily terminate upon the discovery 
of the first species with the trait (the one-hit assumption).52 In a “multiple-hit” 
model with imperfect substitution, they present an illustrative example where the 
value of the marginal species can reach three times higher than under a single-hit 
specification.53 They also note that if a species with a beneficial trait is discovered, 
then close relatives will have a higher conditional probability of also being 
beneficial. So, subsequent searches may focus on those close relatives. Indeed, as 
shown below, this kind of search occurred in the case of taxol. They do not, 
however, formally explore the implications of this observation.  

Economic studies of bioprospecting contracts, in sum, offer rather 
pessimistic assessments of the potential of these contracts to provide significant 
incentives for biodiversity conservation. Study results, however, are sensitive to 
assumptions about underlying relationships (for which there is often limited data) 
and simplifying assumptions used to make numerical economic models tractable.  

III. AIMS AND SCOPE OF STUDY  
All of these economic studies are ex ante assessments based on numerical 

simulations with highly uncertain parameter values or on conjectures about the 
effects of different factors on the marginal benefits and costs of habitat protection. 
This Article adopts a different approach. It uses a case study of the blockbuster 
cancer drug taxol to ask what happens when a discovery is actually made.  

Taxol was originally derived from the Pacific yew tree (Taxus brevifolia) 
found in old growth forests of the Pacific Northwest.54 Today, the main sources of 
taxol are species of Asian yew, listed by the World Wildlife Fund as among the ten 
species most threatened by illegal trade.55 Taxol’s discovery was the result of a 
twenty-year collection and screening program carried out by the U.S. Department 
of Agriculture (“USDA”) and the National Cancer Institute (“NCI”). The drug was 
brought to market in 1993 by the pharmaceutical corporation Bristol-Myers Squibb 
(“BMS”), a result of a Cooperative Research and Development Agreement 
(“CRADA”) between NCI and BMS. Used to treat late-stage ovarian and breast 
cancer as well as AIDS-induced Kaposi’s sarcoma, taxol became the number one 
selling anti-cancer drug in the world, garnering $9 billion in sales for BMS from 
1993 to 2002.56 The development of taxol touched off a number of controversies 
over resource management, drug pricing, and trade in endangered species.  

We use the case study to draw some policy lessons. First, drug search, 
discovery, and development differ in important ways from typical theoretical 
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characterizations of bioprospecting literature. Compounds are not simply a “hit” or 
“miss” but have multiple attributes, some desirable (e.g., chemical activity against 
tumors) and others not (e.g., toxicity to patients). As Polasky and Solow note, 
achieving a “hit” or “miss” does not necessarily terminate a drug search.57 Rather 
than rendering similar species redundant, a finding that a compound has medical 
activity can actually increase the value of similar species. For example, a 
compound with desirable chemical activity but harsh side effects may touch off a 
search for compounds with the same activity but with fewer negative side effects. 
Also, determining whether a compound holds commercial promise can take 
several years. Further, as screening methods evolve over time, so can assessments 
of a compound’s marketability—taxol bounced from being “hit” to “dead end” 
status a number of times before it was successfully marketed.  

Second, the experience of taxol suggests that, contrary to hopes of 
conservationists, bioprospecting contracts are not likely to create strong incentives 
for in situ conservation and sustainable harvesting, which presumes continued 
harvesting of resources from their source. Harvesting Pacific yew bark from old 
growth forests in the Pacific Northwest proved problematic, and other alternatives 
of producing taxol, such as ex situ cultivation of plants on a mass scale and 
chemical semi-synthesis, soon proved more attractive options.  

Third, and most importantly, a discovery can replace one biodiversity 
threat for another. Swanson notes species face two main extinction threats.58 One 
is habitat conversion: species are lost because they are undervalued and their 
habitat is put to some other economic use. Originally, the Pacific yew had little 
commercial value and was burned as a “trash tree” after clear-cutting harvests of 
Douglas fir. As we will see, even after yew bark’s value as a cancer-fighting 
compound was established, it required an act of Congress (the “Pacific Yew Act”) 
to end this practice on federal lands.59 The second threat comes from over-
harvesting.60 Here, the resource is valued, but property rights over the resource or 
its habitat lack clear definition. Pacific yew’s new-found value touched off 
incidents of poaching and a shift to harvesting on private lands with less regulatory 
oversight and cost. Ultimately, the main source of taxol has become Asian yews, 
harvested under less well-defined property rights regimes. Asian yews are now 
listed as Appendix II species under the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (“CITES”).61 The case of taxol 
shows that bioprospecting, by creating a valuable product with open access sources 
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of supply, can have unintended negative implications for biodiversity 
conservation.  

The taxol case study also illustrates the importance of property rights at 
different stages of the search, development, and production process. These include 
property rights governing land (habitat), species, individual molecules, and finally 
ownership of the final consumer product (the drug). Property rights varied across 
these different assets over time and place, variably influencing the incentives of 
different actors in taxol development.  

IV. DISCOVERY AND SCREENING OF TAXOL 
Our story begins in 1958, when the NCI initiated a natural products 

program that over the course of over twenty years would screen 35,000 plants for 
anticancer activity.62 Table 1 provides a chronology of taxol discovery, testing, and 
commercial development. As part of its natural products efforts, NCI began 
informal relationships with the USDA, an agency with experience in plant 
collection. The two agencies developed a formal agreement in 1960 that lasted 
until 1981.63 In 1962, pursuant to this agreement, USDA botanist Arthur Barclay 
collected samples of Pacific yew (Taxus brevifolia) from Gifford Pinchot National 
Forest in Washington.64  

Table 1. Chronology of events in taxol development 
1958 The NCI initiates the Natural Products Program. 
1960 NCI enters into inter-agency agreement with USDA to collect plants for 

cancer screening. 
1962 Pacific yew (Taxus brevifolia) samples taken from Washington’s Gifford 

Pinchot National Forest.  
1964 Research Triangle Institute researchers find extract from Pacific yew bark 

has antitumor activity. 
1966 First isolation of taxol molecule. 
1967 Report of taxol isolation to American Chemical Society annual meeting. 
1971 Taxol’s chemical structure published (placing molecule and its name in the 

public domain). 
1979 Researchers at Albert Einstein College of Medicine publish Nature article on 

taxol’s unique mechanism of action. 
1983 Investigational New Drug Application filed for taxol. 
1984 Phase I clinical trials begin. 
1985 Taxol approved for Phase II trials. 
1986 Clinical trial progress slowed by scarcity of taxol. 
 Federal Technology Transfer Act enacted. 
1987 NCI contracts Hauser Chemical to collect Pacific yew bark and to 

                                                                                                                 
  62. Detailed histories of taxol’s discovery and development are provided in 

TAXOL®: SCIENCE AND APPLICATIONS, supra note 3; JORDAN GOODMAN & VIVIAN WALSH, 
THE STORY OF TAXOL: NATURE AND POLITICS IN THE PURSUIT OF AN ANTI-CANCER DRUG 
(2001).  

  63. Matthew Suffness & Monroe E. Wall, Discovery and Development of Taxol, 
in TAXOL®: SCIENCE AND APPLICATIONS, supra note 3, at 22.  

  64. GOODMAN & WALSH, supra note 62, at 50–51. 



2008] BIOPROSPECTING AND BIODIVERSITY 557 

manufacture taxol. 
1988 French research team publishes results of taxol semi-synthesis using 

needles for European yew. 
1989 Johns Hopkins researchers publish results of taxol’s activity against 

ovarian cancer. 
 In a Federal Register notice, NCI requests bids from companies to develop 

taxol under a Cooperative Research and Development Agreement;  
 Bristol-Myers Squibb (“BMS”), Rhone-Poulenc, and two other companies 

apply. 
 Researchers at Florida State University patent method of producing taxol 

by semi-synthesis. 
1990 BMS and Florida State sign licensing agreement for use of semi-synthesis. 

 Environmental groups petition Fish and Wildlife Service (FWS) to have 
the Pacific yew listed as a threatened species. 

1991 NCI and BMS sign CRADA to commercially develop taxol. 
 FWS rules against listing Pacific yew as threatened. 
 M.D. Anderson researchers publish results of taxol’s activity against breast 

cancer. 
1992 Pacific Yew Act enacted. 

 U.S. Patent and Trademark Office approves BMS’s application to 
trademark the name Taxol® with generic name given as paclitaxel. 

 In December, FDA approves use of taxol for metastic ovarian cancer 
 NCI enters into CRADA with Rhone-Poulenc to develop taxotere. 

1993 Commercial sale of taxol begins. 
1994 FDA approves use of taxol for metastic ovarian cancer. 

 FDA approves production of taxol via semi-synthesis using patented 
Florida State process. 

1995 Himalayan yew listed in CITES Appendix II. Chemical extracts excluded 
from listing. 

1996 FDA approves taxotere for treatment of breast cancer. 
1997 FDA approves use of taxol for AIDS-related Kaposi’s sarcoma. 

 In July, drug manufacturers filed applications with FDA to sell generic 
versions of taxol.  

 BMS files suit in a federal district court alleging violations of its most 
recent patents on methods to administer taxol. BMS granted an additional 
30 months of marketing exclusivity. 

1998 FDA approves taxotere for treatment of breast cancer and lung cancer. 
1999 FDA approves taxotere for treatment of lung cancer. 

 Taxol becomes the biggest selling cancer drug in history. Annual global 
sales reach $1.4 billion. 

2000 First generic versions of taxol marketed. 
2002 29 states file suit against BMS in federal district court for colluding to 

delay entry of generic versions of taxol. 
2003 Federal Trade Commission consent order settles charges that BMS 

engaged in unlawful acts to delay competition from generic versions of 
taxol and two other of its major drugs. 

2004 Expanded list of Asian taxus varieties and chemical derivatives listed in 
CITES Appendix II.  
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2007 Asian yew varieties placed on World Wildlife Fund’s “10 Most Wanted 
List” of species threatened by illegal trade. 
 

When searching within a given area, the USDA collection program 
prioritized plants where folkloric knowledge of a plant’s activity existed. However, 
they did not systematically search for plants based on folkloric leads.65 Indian 
tribes in the Pacific Northwest used Pacific yew to treat a wide range of ailments 
from bronchitis, to headaches, to stomach and lung problems.66 In Europe, yew has 
long been associated with death and poison.67 For the ancient Greeks, yew was 
sacred to Hecate, the goddess of the underworld. Yew also figures in the works of 
Shakespeare. Hamlet’s uncle poisoned Hamlet’s father using “cursed hebona,” a 
yew extract.68 In Macbeth, the three witches threw “slips of yew slivered in the 
moon’s eclipse” into their cauldron.69 More recently, the wand of Lord Voldemort, 
the arch-villain of the Harry Potter series, was made of yew.70 

Despite this folkloric knowledge, Pacific yew was not afforded any 
particular prominence in the initial sampling and screening. Samples of Pacific 
yew were shipped back to Bethesda, Maryland. Extracts were found to kill tumor 
cells in initial screens. The first pure sample of a complex molecule derived from 
Pacific yew was isolated in 1966 by Monroe Wall of the Research Triangle 
Institute.71 In 1967, Wall named the compound taxol (a concatenation of taxus and 
alcohol) and presented results of the compound’s structure at the 1967 meetings of 
the American Chemical Society.72 Wall and associates published the description of 
taxol’s isolation, structure, and anti-tumor properties in the Journal of the 
American Chemical Society in 1971.73 This publication placed the molecule firmly 
in the public domain and, at the time, apparently precluded its patenting.  

The prospects for taxol’s commercial development were doubtful at 
several stages.74 Under different screens, taxol showed varying activity against 
different tumors. Screening continued from 1967 to 1982. At a number of points it 
looked like taxol would be dropped from further consideration. Researchers at NCI 
were keenly aware of opportunity costs. A decision to pursue one lead came at the 
expense of pursuing others. For example, solubility is needed to be able to 
administer chemotherapies intravenously; taxol was virtually insoluble in water 
(and other solutions researchers tried). NCI researchers considered dropping taxol. 
Competing compounds showed equal or better anti-tumor activity but without the 
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solubility problem.75 Then, it was discovered that taxol could be dissolved in a 
castor-oil derived compound Cremophor EL.76 In 1979, researchers at the Albert 
Einstein College of Medicine published an article in Nature identifying that taxol 
had a unique mechanism of action for stopping tumor growth.77 The fact that taxol 
attacked tumors in a novel way worked in its favor. The taxol-Cremophor EL 
combination was found to be active in tumor screens in 1980, but toxicology studies 
completed in 1982 suggested that there may be significant negative side effects.78  

This process illustrates that screening is not a simple matter of finding 
one-off “hits” but rather that searches are lengthy, interdependent, and sensitive to 
technological change in the screening process itself. Also, promise was not and 
could not be measured as a one-dimensional “hit” but depended on multiple 
attributes of the compound.  

In 1981, NCI discontinued its joint collection and screening program with 
the USDA.79 From 1960 to 1981, the program screened more than 130,000 plant 
and animal extracts.80 Of all the compounds screened and dozens that looked 
promising initially, only taxol moved to the stage of testing on humans, and this 
occurred two decades after its initial screening.81 

NCI filed an Investigational New Drug Application for taxol with the 
Food and Drug Administration in 1983, and Phase I clinical trials began in 1984.82 
Phase I trials are used to determine a drug’s safety and dosage. In these trials, a 
number of patients had hypersensitivity reactions that included anaphylactic shock 
and two deaths.83 It looked again like taxol would be dropped. However, it was 
found that the hypersensitivity reactions could be limited by slowing the rate of 
infusion, pre-medication, and excluding patients with cardiac risk factors, 
illustrating once again the complexities of the screening process.84  

V. TAXOL SUPPLY PROBLEMS 
Even at the early stages of taxol screening, it was apparent to researchers 

at NCI that developing adequate supplies of taxol could be a problem. First, 
because Pacific yews—taxol’s source—had little economic value, little was known 
about them. They were treated as “trash trees,” burnt on slash piles from clear-cut 
harvesting of Douglas fir or occasionally harvested to make fence posts. It was 
known that they grew in the understory of old growth forests throughout the 
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Pacific Northwest, but their numbers and distribution were undocumented. Most 
yews were believed to be on federal lands administered by the U.S. Forest Service 
and the Bureau of Land Management.85 This meant that these agencies and laws 
governing harvesting on federal lands would come into play as Pacific yew was 
harvested.  

Second, while bark yielded orders of magnitude more taxol than other 
parts of the tree, substantial amounts of Pacific yew bark were needed to produce 
small amounts of taxol. Taking estimates from Croom, commercial-scale 
production of taxol required 13,000 to 16,000 pounds of dry bark to produce 1 kg 
of taxol; the treatment regimen was 2 g of taxol per patient; and 3.33 to 5 pounds 
of bark could be harvested per tree.86 Harvesting bark necessitates killing the trees, 
implying that roughly six to nine trees would be needed per patient. More 
renewable sources, such as needles, yielded far less taxol than bark. In addition, 
NCI-funded studies found that taxol yield varied substantially across yew species. 
Research also found that taxol content varied greatly for Pacific yew across 
different collection sites.87  

Third, yews are extremely slow-growing trees. In one Forest Service 
survey, it took 25 years for trees to reach a diameter of 2.5 cm (1 inch) and 100 
years to reach 15.2 cm (6 inches).88 Thus, as a source of taxol, Pacific yew bark 
was renewable in only the very long run.  

Finally, studies found that more common species of yew had problems of 
their own. As briefly noted above, common, ornamental yew varieties, such as the 
European yew (Taxus baccata) and Japanese yew (Taxus cuspidata) yielded 
significantly lower amounts of taxol than Pacific yew did. Moreover, there were 
indications that compounds derived from these varieties might be more cardiotoxic 
than compounds from Pacific yew.89  

In 1985 Phase II clinical trials, used to establish drug efficacy, were 
approved. Trials began for treatment of ovarian cancer, melanoma, and renal 
cancer.90 Taxol showed the greatest effectiveness against ovarian cancer.91 While 
taxol was showing promise in hospitals, its limited supply was threatening the 
continuation of clinical trials. Contractors hired by NCI to harvest yew bark had 
difficulty delivering agreed-upon quantities of bark on time. Several other clinical 
trials were put on hold, in part because sufficient supplies of taxol simply were not 
available.92  
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In 1988, researchers at Johns Hopkins University found that patients with 
refractory ovarian cancer had relatively high response rates to taxol, publishing 
their findings in 1989.93 These responses were in women who had failed to 
respond to earlier chemotherapy treatments. This discovery, although exciting 
from a health perspective, brought the supply problem into sharp focus. Contract 
harvesters were having difficulty supplying 60,000 pounds of bark per year.94 Yet, 
over 60,000 women die of ovarian cancer per year. Producing enough taxol to treat 
all these women would require over 1.7 million pounds of bark!95  

NCI administrators began to look elsewhere for sources of taxol and for a 
private firm to handle commercial scale production. Officials had already 
approached the timber company Weyerhaeuser about the possibility of mass 
propagation of Pacific yew seedlings.96 Taxol soon became “possibly the number 
one target of synthetic organic chemists.”97 A Stanford University research group 
partially synthesized the taxol molecule with material derived from pine trees.98 
While NCI funded some of this research, NCI scientists remained skeptical about 
producing taxol via total synthesis. Achieving synthesis in a laboratory and 
establishing economical commercial-scale production are very different processes, 
and at that time, only about four percent of natural product medicines were 
commercially produced by total synthesis.99  

In 1988, a French research team succeeded in producing taxol via semi-
synthesis, using needles of the European yew as a source to construct the main part 
of the molecule and then using synthetic methods to attach remaining parts.100 This 
approach had two advantages. It used needles, which could be harvested 
renewably without killing trees, and it relied on the common European yew. The 
yield of taxol, however, was low, and NCI scientists did not pursue joint research 
with the French.101  

In 1989 chemist Robert Holton of Florida State University developed a 
new method of producing taxol via semi-synthesis that produced double the yield 
of the French process.102 Florida State University patented this method of 
producing taxol.103 While the taxol molecule itself had been in the public domain, 
processes for making taxol could be patented. The following year, Florida State 
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University and the pharmaceutical company Bristol-Myers Squibb signed a 
licensing agreement for use of the semisynthesis process.104  

VI. CRADA WITH BRISTOL-MYERS SQUIBB 
After 30 years of screening natural products, NCI finally had identified a 

marketable product. Yet, while NCI spearheaded the search and testing of anti-
cancer treatments, they had neither the mission nor the resources to actually bring 
a product—once found—to market. Commercial taxol production would require 
forward linkages into pharmaceutical production and marketing and backward 
linkages into the forest products sector. According to the Federal Food Drug and 
Cosmetic Act, any party petitioning the FDA for a new drug application (“NDA”) 
process must provide FDA with “a full description of the methods used in, and the 
facilities and controls used for, the manufacture, processing, and packing, of such 
drug.”105 NCI, as a cancer research agency, had no extract-processing facilities or 
final pharmaceutical production facilities of its own, making it very difficult to 
comply with the FDA requirements.  

In 1980, Congress passed two pieces of legislation intended to encourage 
the commercialization of technologies developed with federal funding: the 
Stevenson-Wydler Technology Innovation Act of 1980106 and the Bayh-Dole 
Act.107 Stevenson-Wydler focused on inventions owned by the federal government, 
while Bayh-Dole Act focused on inventions created under federal contracts, grants, 
and cooperative research and development agreements. In 1986, the Federal 
Technology Transfer Act108 amended Stevenson-Wydler. The amended act 
established guidelines to encourage commercialization of new technologies 
through licensing to private firms. It also authorized federal agencies to enter into 
Cooperative Research and Development Agreements with nonfederal entities 
(private firms, universities, etc.) to conduct research.109 

By 1989, NCI officials saw mechanisms established under these new laws 
as a means of bringing taxol to market. On August 1, 1989, NCI solicited bids in 
the Federal Register for a Cooperative Research and Development Agreement 
(“CRADA”) to develop taxol commercially.110 Only four firms bid: Bristol-Myers 
Squibb (“BMS”), the French chemical and pharmaceutical company Rhone-
Poulenc (now Aventis), and two smaller biotechnology firms. BMS had the most 
experience with developing cancer drugs and with large-scale drug marketing in 
the United States. Further, some BMS officials were familiar with taxol through 
previous employment at NCI. BMS had already engaged in exploratory 
discussions with NCI and Weyerhaeuser over developing supplies of taxol. NIH 
reviewers deemed BMS the strongest applicant, and NCI signed a CRADA with 
BMS in 1991 to obtain FDA approval to commercially develop taxol.  
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Provisions of the CRADA included the following: (i) A committee of 
officers from both NCI and Bristol would review clinical trials and share research 
results; (ii) NCI would provide its own raw clinical trial data exclusively to BMS; 
(iii) NCI would “urge” outside researchers it funded at universities and hospitals to 
cooperate with BMS; (iv) NCI would work exclusively with BMS to develop and 
market taxol; (v) in exchange, BMS would supply NCI with taxol for clinical trials 
and other research, collect clinical trial data, and fund specific studies.111 It was 
believed at the time that because taxol could not be patented, other measures 
would be necessary to provide BMS with enough exclusivity to profitably market 
the drug.  

The CRADA specified Bristol’s estimate of funds and personnel 
necessary to develop taxol as well as the expected date for a New Drug 
Application.112 Initially based on a “model” CRADA used by National Institute of 
Health agencies, the taxol development CRADA included a “reasonable price 
clause.” The clause stated that there should be “a reasonable relationship between 
the pricing of a licensed product, the public investment in that product, and the 
health and safety needs of the public.”113 The original language also noted that 
evidence to justify pricing may be required. The final version of the CRADA 
signed in 1991, however, excluded the reasonable price clause at the insistence of 
BMS.114  

In June of 1991, the NIH, USDA, and the Department of Interior signed a 
Memorandum of Understanding (“MOU”) regarding harvesting of Pacific yew for 
taxol production on lands administered by USDA (“Forest Service”) and Interior 
(Bureau of Land Management (“BLM”)).115 The MOU effectively granted BMS 
exclusive access to yew bark on federal lands and designated Hauser Chemical 
Research (a contractee with BMS) as the sole recognized supplier of yew bark and 
processor of bark into taxol.116 So, even though BMS did not hold a patent on taxol 
itself, it controlled proprietary medical data needed for FDA approval and 
exclusive rights to harvest bark on federal lands.  

The Forest Service and BLM were criticized for providing BMS with 
exclusive access to Pacific yew trees and not charging BMS a sufficiently large 
price per pound for harvesting yew bark.117 However, not charging for yew bark 
may have been, in effect, a way to address a potential double marginalization 
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problem.118 It is not clear how a policy of high mark-up pricing by the Forest 
Service or BLM would have improved overall welfare or that of cancer patients.  

Critics also argued that giving BMS and Hauser monopoly control over 
yew bark collection on Federal lands led to wasteful harvesting. Harvesters 
partially stripped easy-to-reach parts of trees, leaving remaining bark unharvested. 
Some contended that collectors harvested only bark they could easily gather and 
that allowing greater competition in harvesting would increase the amount of bark 
harvested per tree.119  

This argument is misplaced for two reasons. First, companies generally 
extract resources more slowly under monopoly than under competition.120 
Dasgupta and Heal quote the adage, “the monopolist is the conservationist’s best 
friend.”121 Second, the manner of bark collection resulted from the nature of piece-
rate contracts rather than from the BMS monopoly. Yew bark collection was 
subcontracted and carried out by local harvesters paid piece rate. Piece rates 
reward getting the most bark per unit of labor effort, not the most bark per tree.122 
Allowing more firms to become involved with harvesting would not have changed 
this underlying incentive. More trees would have been stripped of bark (and 
killed), but there is no reason to expect that bark would have been stripped more 
thoroughly from each tree, leaving the ultimate conservation equation unchanged.  

BMS and NCI remained active in the search for renewable alternatives to 
Pacific yew bark.123 They collaborated with parties to examine Taxus species in 
Canada, Mexico, Europe, and China. In 1991, NCI awarded a $1.27 million grant 
to a research consortium consisting of USDA’s Agricultural Research Service, 
Cornell University, Colorado State University, Hauser Chemical Company, and 
the biotechnology firm Phyton Catalytic, Inc.124 The consortium intended to 
produce taxol via plant tissue culture. The USDA originally discovered and held 
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The sequence of mark-ups leads to a higher retail price and lower combined profit for the 
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consumer surplus and industry profits rise when firms in the same supply chain merge. 

119. Timothy Egan, Trees that Yield a Drug for Cancer Are Wasted, N.Y. TIMES, 
Jan. 29, 1992, at A1.  

120. Scott Gordon, Economics and the Conservation Question, 1 J.L. ECON. 110, 
117–18 (1958). 

121. P.S. DASGUPTA & G. M. HEAL, ECONOMIC THEORY AND EXHAUSTIBLE 
RESOURCES 323–28 (1979). Theoretically, resource depletion can occur more rapidly under 
monopoly than under competition. See id; see also ANTHONY C. FISHER, RESOURCE AND 
ENVIRONMENTAL ECONOMICS (1981). However, this may require that the product find many 
new users as its price got very low. This seems unlikely because there is a limited number 
of people with late-stage cancers.  

122. One cannot assume that completely stripping each tree of bark is 
economically efficient, given positive harvesting costs and costs of delay to cancer patients.  

123. Day & Frisvold, supra note 111, at 4.  
124. Id.  
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the patent for production of taxol in tissue culture. As noted earlier, BMS 
maintained a licensing agreement with Florida State University to produce taxol 
via semisynthesis. Weyerhaueser, funded by BMS, scaled up commercial scale 
nursery plantation production from 0.5 million rooted cuttings in 1991 to 10 
million in 1993.125 A research group called “the Alliance for Taxol” included 
scientists from Ohio State University, the University of Mississippi, the USDA, 
and large private nurseries. The Alliance worked on developing taxol from leaves 
of ornamental yew varieties.126 For the time being, however, production of taxol 
using Pacific yew bark was the only method approved by FDA for clinical trials. 
With Phase III clinical trials beginning, taxol from Pacific yew bark would have to 
serve as the supply.127  

VII. CONTROVERSIES OVER PACIFIC YEW HARVESTING 
With the Pacific yew the only viable source of taxol, commercial-scale 

harvesting of Pacific yew bark on federal lands quickly became controversial as 
part of a larger debate over protection of old-growth forests and endangered 
species in the Pacific Northwest. Advocates and opponents of the Endangered 
Species Act each used taxol and the plight of cancer patients to bolster their 
arguments.128 It eventually required an act of Congress—the Pacific Yew Act—to 
establish protocols for bark harvesting.129 

The Pacific Northwest was already embroiled in an intense political 
debate over timber harvesting and endangered species protection in old-growth 
forests. In 1987, environmental groups petitioned the Fish and Wildlife Service 
(FWS) to list the Northern Spotted Owl, a denizen of those forests, as an 
endangered species. In April 1989 the FWS finally found that the owl was a 
threatened species and posted its finding in the June 23, 1989 Federal Register.130 
Environmental groups successfully halted timber sales on Forest Service and BLM 
lands that were Spotted Owl habitat.131 As timber sales began to decline in the 
Pacific Northwest for the first time in 40 years, intense public debates over “jobs 
vs. owls” ensued. 

Some environmentalists saw the discovery of taxol as a vindication of the 
Endangered Species Act. The preservation of Pacific yew, incidentally destroyed 
as a trash tree during Douglas fir harvesting, was aided by the protection of habitat 
it shared with the Spotted Owl.132 Taxol reframed the ESA debate from one of jobs 
vs. owls to one of cancer patients vs. timber sales.  

                                                                                                                 
125. Croom, supra note 3, at 60. 
126. Id. at 61–62. 
127. Phase III trials are conducted on large numbers of patients to assess how a 

new drug performs (not just absolutely) but relative to existing standard methods of 
treatment. DEP’T OF HEALTH & HUMAN SERVS., THE CDER HANDBOOK 8 (1998). 

128. See, e.g., Jeffrey Weiss, Rival Causes Yearn to Hug Yew Tree’s Cancer 
Curing Potential Has Environmentalists and Timbermen Using It to Prop Up their 
Arguments, TORONTO STAR, Sept. 7, 1991, at 6. 

129. Pub. L. No. 102-335, 106 Stat. 859 (1992). 
130. 54 Fed. Reg. 26,666 (June 23, 1989).  
131. GOODMAN & WALSH, supra note 62 at 196. 
132. Id. at 195–96, 211–15. 
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In September 1990, environmental groups along with cancer researchers 
petitioned FWS to list the Pacific yew as a threatened species under the 
Endangered Species Act based on species depletion rates and on the need to 
preserve the yew as a taxol source.133 The petition argued that forest clear-cutting 
had lead to destruction of much Pacific yew habitat and therefore called into 
question timber harvesting and sales in broader terms.  

In August 1991, FWS refused the listing because of insufficient scientific 
information about logging’s impact on the yew population’s long-term viability.134 
In 1990, the Forest Service, based on satellite photography and other indirect 
measures, had estimated that 130 million yew trees were growing on federal 
land.135 The FWS refusal cited this early population estimate. The Forest Service 
subsequently revised their estimate downwards to about 20 million yews.136 
Because the Endangered Species Act does not protect species as medical research 
resources, FWS did not consider the impact of taxol demand on the Pacific yew 
population.137 Consequently, FWS based depletion estimates on the incidental 
destruction of yews during commercial logging rather than on yew harvest for 
taxol development. Furthermore, FWS did not regard the loss of mature trees, 
needed for cancer treatment, as a threat to species survival, arguing that smaller 
trees would be untouched.138 

Environmental groups then shifted attention to how current timber 
harvesting practices affected collection and utilization of yew bark. Again, clear-
cutting practices in general were criticized. In December of 1991, the 
Environmental Defense Fund and the Wilderness Society petitioned USDA and 
Interior to require pre-harvest yew bark collection.139 The petition cited a Forest 
Service memo stating that between 60-75% of bark was wasted if harvest did not 
occur prior to logging. The Forest Service had urged, but not required, the harvest of 
small yew trees, and BLM required no yew harvesting prior to clear-cutting. The 
Oregon Natural Resources Council also attempted to block timber sales until the 
Forest Service and BLM issued guidelines for harvesting yew trees and completing 
inventories and long-term management plans for the species.140 

These actions created some unintended public-relations problems for 
environmental groups. News stories and editorials began to frame the debate in 

                                                                                                                 
133. Envtl. Def. Fund, Petition to the Secretary of Interior for listing the Pacific 
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on Petition To List Taxus Brevifolia (Pacific Yew) as Threatened, 56 Fed. Reg. 40,854 
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135. Id.  
136. Day & Frisvold, supra note 111, at 5. 
137. Id. at 6–7. 
138. Notice on Petition To List Pacific Yew as Threatened, supra note 134.  
139. Envtl. Def. Fund, supra note 133. 
140. Richard Cockle, Yew Stand Stirs Challenge to Timber Sale, OREGONIAN, 

Sept. 5, 1991, at C02; Kathleen Monje, Forest’s Yew Tree Policy Lax, Appeal Claims, 
OREGONIAN, July 3, 1992, at C02; Dana Tims, Pacific Yew at Center of Timber Sales 
Appeal, OREGONIAN, Feb. 27, 1991, at B05. 
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terms of owls and trees vs. cancer patients.141 Some went so far as to argue that 
additional clear-cutting was the only way to provide sufficient taxol to cancer 
patients.142  

 Environmental groups countered that it was not the harvest of yew bark 
they opposed, but that bark was not being harvested either sustainably or 
thoroughly in areas already designated as clear-cutting areas.143 In January of 
1992, Forest Service crews reportedly continued to burn yew bark in routine fires 
of clear-cutting residue.144 During March of 1992 in House Subcommittee on 
Regulation, Business Opportunities, and Energy hearings, BLM and Forest Service 
officials testified that yew harvesting would be required prior to commercial 
logging on federal land and subsequently issued directives to this effect.145 A 1992 
GAO report on constraints on obtaining yew bark supplies concluded that yew 
bark was often not harvested either prior to clear cutting or taken from slash piles 
on federal lands.146 The report did not mention environmental restrictions, such as 
special protections for Spotted Owl nesting areas, as a constraint on harvesting.  

In 1992, Congress passed the Pacific Yew Act.147 The law gave the 
Secretaries of Agriculture and the Interior broad authority to limit illegal 
harvesting of yews on federal lands.148 It required that an inventory of yews be 
taken, and it also provided for appropriate management guidelines to prevent 
wasting of Pacific yew bark.149  

These problems with Pacific yew harvest highlight Croom’s point that 
“currently there are no universally acceptable environmental harvesting guidelines 
of plants” for pharmaceutical development.150 More specific yew harvesting 
guidelines were developed in An Interim Guide to the Conservation and 
Management of Pacific Yew, The Pacific Yew Draft Environmental Impact 
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Statement, and the Pacific Yew, Final Environmental Impact Statement.151 Yet, it 
took an act of Congress and nearly a decade, after it was known that commercial 
scale harvesting of yew would proceed, for the development of workable 
harvesting guidelines.  

While federal agencies were developing yew harvesting policies, there 
were a number of cases where private actors engaged in poaching. The Forest 
Service estimated that about 0.3 million pounds of wet bark were stolen, 
equivalent to about 0.15 million in dry bark.152 Production also shifted from 
federal lands with greater regulatory costs to private lands. In 1990, all the legally 
harvested yew bark came from federal lands. As depicted in Figure 1, this fell to 
about half in 1991 and 1992 and down to 21% by 1993.153  

 

Figure 1. Yew bark harvested from federal, state, and 
private lands153
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VIII. OUT OF THE WOODS AND INTO THE MARKET 
In 1991 and 1992, two events spurred the end of Pacific yew harvesting in 

the Pacific Northwest. First, researchers at the M.D. Anderson Cancer Center 
published clinical trial results showing that patients responded well to taxol in 
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Reported, OREGONIAN, Oct. 21, 1991, at A8; Eric Nalder, Yew-Bark “Gold Rush” Prompts 
Sting, SEATTLE TIMES, Oct. 20, 1991, at A15.  

153. Croom, supra note 3, at 43–45. 



2008] BIOPROSPECTING AND BIODIVERSITY 569 

treatment of metastatic breast cancer.154 About 40,000 women in the United States 
die of breast cancer each year, and over 175,000 new cases are diagnosed per 
year.155 As noted earlier, these results, while promising medically, again suggested 
that demand for taxol (and Pacific yew bark) would dramatically increase, 
compounding existing harvesting problems. 

Next, in 1992, Robert Holton at Florida State University developed an 
even more efficient method of semisynthesizing taxol.156 This method could use 
needles from Asian yew or European yew. Florida State again patented this 
invention and licensed it to BMS. This new method proved to be a cost-effective 
way to mass-produce taxol. In 1993, BMS announced that it planned to produce 
large amounts of taxol using the new semisynthesis process, that it would 
discontinue harvest of yew bark from federal lands, and that by 1995 all reliance 
on bark as a source of taxol would come to an end.157  

In December 1992, the FDA approved taxol for treatment of ovarian 
cancer, and in 1993, BMS began to market it.158 The FDA’s approval of BMS’s 
New Drug Application to market taxol for the treatment of ovarian cancer 
triggered a provision in federal law granting BMS five years of marketing 
exclusivity for taxol as a new chemical entity under the Drug Price Competition 
and Patent Term Restoration Act of 1984, more commonly known as the Hatch-
Waxman Act.159 The statute provides marketing protection for pharmaceuticals 
that cannot be patented by prohibiting introduction of a generic drug during the 
five-year exclusivity period.160 Sales of taxol rose from $162 million in 1993 to 
over $1.5 billion in 2000 as taxol became the world’s largest selling cancer drug.161 
Yet, this market success did not end taxol’s ups and downs. 

IX. CONTROVERSY OVER TAXOL PRICING 
BMS’s pricing for taxol became one of the most controversial issues 

concerning the drug’s development. The House Subcommittee on Regulation, 
Business Opportunities, and Energy held hearings on taxol pricing, which 
considered the fundamental tradeoff of intellectual property rights assignment 
between the desire to provide private incentives for technological innovation and 
the desire for widespread and early diffusion of innovation benefits.162  
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In December 1992, BMS proposed a taxol price of about $700 per 
treatment cycle.163 Patients require an average of four treatment cycles. This cost 
was comparable to other ovarian cancer treatments. Bristol also announced that it 
would provide the drug free of charge to patients who could not afford it.164  

The price Bristol charged for taxol continued to be controversial, given 
the substantial public funds invested in its development. Drug pricing 
controversies raised the question of what constitutes a fair rate of return to BMS’s 
investment.165 In 2003, the General Accounting Office (“GAO”), at the behest of 
Senator Ron Wyden of Oregon, issued a report critical of the NIH-BMS 
CRADA.166 In 1997, other drug manufacturers filed applications with the FDA to 
sell generic versions of taxol.167 BMS filed suit in a federal district court alleging 
violations of its most recent patents on methods to administer taxol. BMS was 
automatically granted an additional 30 months of marketing exclusivity as the case 

                                                                                                                 
encourages innovation. On the other hand, concern existed about the inefficiency that such 
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was reviewed.168 In 2002, 29 states filed suit against BMS in federal district court 
charging it colluded with other firms to delay entry of generic versions of taxol.169 
In 2003, the Federal Trade Commission released a consent order to settle charges 
that BMS engaged in unlawful acts to delay competition from generic versions of 
taxol and two of its other major drugs.170  

The consent order—and the events that led up to it—raise questions about 
the appropriateness of placing health agencies—namely NCI and FDA—in charge 
of key aspects of what are essentially economic policies: product pricing and firm 
entry. One lesson for developing countries considering bioprospecting agreements 
might be that economic problems might be avoided if economic and commerce 
agencies are involved in negotiations in earlier phases of negotiations.  

X. ASIAN YEWS: OPEN ACCESS RESOURCES  
In part because of the many problems taxol encountered in the United 

States, after 1993 Himalayan yew (Taxus wallichiana) and other Asian yew 
species became the main source of taxol. Harvesting was carried out in India, 
Nepal, and China under more or less open access conditions.171 In Pakistan, taxol 
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S.K. Nandi, Himalayan Yew: Stand Structure, Canopy Damage, Regeneration and 
Conservation Strategy, 25 ENVTL. CONSERVATION 334 (1998).  
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production has been cited as contributing to the decline of the species, with 
estimated illegal extraction of leaves of 6,000 tons per year from 1996 to 2001.172 

 In 1995 Himalayan yew was listed in Appendix II of the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (“CITES”).173 
CITES is an international agreement to regulate trade in threatened and 
endangered species. Appendix I species are those deemed threatened by 
extinction;174 Appendix II species are not necessarily threatened with extinction 
but are subject to significant trade-related depletion. For Appendix II species, 
exporters must obtain permits from their home governments. Importers are 
required to inspect shipments for proper export permits, but import permits are not 
required. While Himalayan yew became a listed species, chemical extracts of yew 
(precursors to taxol) were exempt. Trade in chemical extracts, however, 
constituted the bulk of yew-related product trade.175  

After 1995, trade in yew parts and derivatives from other Asian yews 
increased. China has become a major exporter of taxol. Large volumes of Taxus 
yunnanensis were exported from Myanmar to China and several United States 
pharmaceutical companies began importing Taxus yunnanensis from China. 
Today, Taxus species are scarce because of the illegal harvest for domestic 
extraction facilities.176 

Medical demand for Chinese Taxus species has reduced their populations, 
especially in northwest Yunnan Province.177 Taxus has been eliminated in Lidiping 
of Weixi County, Caojian of Yunlong County, and Rushui County.178 Taxus 
species are listed as Endangered in the China Plant Red Data Book: Rare and 
Endangered Plants.179 Schippmann estimated that 5,000-10,000 metric tons of 
bark and 2,000 metric tons of leaves have been harvested in Yunnan Province in 
recent years, while felling entire trees was part of harvesting practices.180  
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While the United States is the largest market for taxol, authorized and 
unauthorized production is significant in China. Harvest of taxol in China requires a 
permit, but illegally harvested materials are commonly seized. Good data is not 
available on how much Chinese-produced taxol is consumed domestically, 
exported to the United States, and exported illegally.181 

At the thirteenth Conference of Parties to CITES in 2004, China and the 
United States jointly proposed that chemical extracts of Taxus species also be 
included in Appendix II and that the number of Asian yew species listed be 
expanded.182 This proposal was accepted by other parties to the Convention. 
Today, however, Asian yews are listed by the World Wildlife Fund as among the 
ten species most threatened by illegal trade.183  

XI. THE FUTURE OF BIOPROSPECTING 
Taxol is an interesting story, but are lessons from its development still 

relevant today? In the 1990s it appeared to some that bioprospecting and 
development of pharmaceuticals based on natural product might become 
obsolete.184 Advances in high throughput screening and combinatorial chemistry 
meant that totally synthetic compounds could be produced and screened more 
cheaply than their natural counterparts. Synthesized molecules tended to be easier 
to scale up to commercial production and they also avoided the resource-supply 
difficulties of bioprospecting.185 Further, securing patent protection was easier for 
chemically synthesized products. While some large pharmaceutical companies 
such as Bayer, Merck, and Wyeth maintained active natural products programs, 
others—GlaxoWellcome, SmithKlineFrench, and Pfizer—phased out their natural 
products screening programs.186 Eli Lilly sold off its collection to a smaller 
research firm.187  

Yet, the promise of combinatorial synthesis has remained largely 
unfulfilled. From January 1981 to June 2006, combinatorial chemistry was the 
source of discovery of only one approved drug.188 Some scientists have noted that 
discovery of new active substances—known as New Chemical Entities—has 
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reached 25-year lows in recent years and that this drop in new drug discoveries has 
coincided with the shift away from natural products.189  

Natural products remain a major source of drug discovery, either directly 
or as “blueprints” or “designs” for novel chemical structures. In a survey by NCI 
scientists, 63% of the 973 small-molecule New Chemical Entities approved as 
drugs worldwide from 1981 to June 2006 were based on natural products.190 These 
included 6% that were natural products, 28% produced via semi-synthesis but 
derived from natural products, 5% produced via synthesis but whose molecular 
framework came from a natural product, and 24% were “natural product mimics” 
(i.e. synthetic compounds whose designs were based on natural products).191 The 
relative contribution of natural products to drug discovery has even increased 
slightly since 2002.192 The importance of drugs “based on” but not necessarily 
made from natural products suggests that genetic materials are serving more as 
sources of information rather than as raw materials in production.  

There has been renewed interest in bioprospecting and natural products 
research with a number of smaller start-up firms now specializing in screening 
natural products collections. Rather than carry out in-house natural products 
programs, larger pharmaceutical companies may access promising leads via 
licensing agreements with these new start-ups.193  

New areas of bioprospecting interest include the oceans and Antarctica.194 
It is not clear whether rules governing property rights over genetic resources in the 
Convention on Biological Diversity apply to the open sea or to Antarctica. Neither 
is it clear how rules governing resource use from the Law of the Sea or the 
Antarctic Treaty System affect bioprospecting. Given that these new regions of 
bioprospecting interest resemble open access regimes, it is perhaps a good thing 
that there is a trend toward using genetic materials as sources of information rather 
than directly, as production inputs.  

CONCLUSION 
Advocates of bioprospecting have argued that forests can be managed as 

extractive reserves where genetic resources can be sustainably harvested for 
pharmaceutical development. Yet, the experience of taxol development in the 
United States illustrates how difficult this can be. The United States, a developed 
country with great scientific capacity, environmental protection mechanisms (such 
as the National Environmental Protection Act (NEPA)), centralized resource 
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management agencies (such as the Forest Service and BLM), and congressional 
oversight had difficulty developing harvesting plans. Indeed, harvesting guidelines 
for taxol required an act of Congress (the Pacific Yew Act). Even then, there were 
non-trivial cases of poaching and a shift of harvesting to private lands in the 
United States and foreign sources with less environmental regulation.  

Taxol also illustrates that incentives for in situ resource conservation can 
be short-lived. From the start of the NCI-BMS CRADA in 1991, there were broad 
and concerted efforts to find alternative sources to the Pacific Northwest. These 
included plantation cultivation, tissue culture, and ultimately semi-synthesis. By 
1994, the Pacific Northwest was no longer an important source of yew bark.  

For countries considering bioprospecting contracts, a lesson is that there 
can be long time delays from program initiation to development of a marketable 
product. It took over 30 years from the time the Pacific yew bark was collected to 
the time the FDA approved taxol. The NCI-USDA screening program, which 
lasted 21 years, yielded taxol, an admitted blockbuster drug, but that has been the 
only product of that effort.  

A curious aspect of taxol development was the fact that health agencies 
were put in charge of pricing and patent-length decisions. NCI, a medical research 
agency, negotiated the terms of the CRADA excluding the “reasonable price” 
clause. NCI’s primary goal appeared to be to commercialize taxol quickly. Perhaps 
it could have driven a harder bargain with respect to the royalties it received or 
pricing conditions it placed on BMS. In bilateral negotiations, however, an 
“impatient” party is at a bargaining disadvantage.195 It is uncertain how long the 
development of taxol would have been delayed had NCI held out for more 
favorable terms. Florida State University, however, appeared to extract a much 
better financial deal from BMS. The Hatch-Waxman Act, by allowing an 
automatic delay in the entry of generics and placing the FDA in charge of listing 
patents, again placed a health agency in charge of what is essentially anti-trust 
policy.  

Another lesson is that the search and screening process was not the “one-
off” variety specified in theoretical economic models. Compounds have a 
combination of attributes. Rather than rendering different species with the same 
chemical redundant, a discovery can increase the value of other species. The 
definition of a “hit” can also change over time (and this time frame can be quite 
long). It took a long time for a consensus to develop that taxol was a “hit” and 
assessments of its value changed several times with developments of new 
screening methods and approaches.  

A final lesson we can draw from the experience of taxol is that simply 
creating a market demand for genetic resources with medical applications will not 
necessarily promote biodiversity conservation. Asian yews are being harvested 
rapidly in areas with less well-defined property-rights regimes, even where 
government policies designate them as “endangered.” Bioprospecting can 
exchange one extinction threat (habitat conversion because a species is not valued) 
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for another (over-harvesting because the resource is valued in an open-access 
setting). To date, 64 plant species have been listed under CITES expressly because 
of the threat of over-harvest for medicinal uses.196 The case of taxol illustrates that 
creating market demand for genetic resources without clearly defining property 
rights over them can lead to resource depletion rather than conservation. As the 
newest wave of bioprospecting focuses on the Antarctic, oceans, and other areas 
with more open-access property regimes, new questions will arise over 
bioprospecting’s impact on biodiversity conservation.  
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