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In November 2004, Californians supported a 10-year, $3 billion stem cell research program in the belief this relatively new field would soon cure diabetes, Parkinson’s disease, spinal cord injuries and other intractable medical conditions. The media campaign surrounding the initiative suggested state residents would also gain numerous side benefits from financing stem cell research: royalties from new therapies spun off from the research; economic development in the form of jobs and taxes from biotechnology start-up firms; and access to cheaper medicines. It would even lower health care costs, they were told. 

Scottish stem cell researcher Ian Wilmut, who is best known for cloning Dolly the sheep, echoed these themes in congratulating Californians for their foresight. “The global market for stem-cell and tissue engineering will create a billion-dollar industry, with thousands of new jobs,” he wrote on the eve of the June 2005 meeting of the International Society for Stem Cell Research, which met in San Francisco. “But, most important, this industry will save millions of lives.”

Given the long and difficult road to achieving breakthroughs in any field of experimental medicine, the hubris behind such statements is rather extraordinary. Yet the goals themselves are highly desirable, and the largesse of taxpayers admirable. Who doesn’t want new therapies for incurable diseases at affordable prices while generating returns on taxpayers’ investment from new jobs, taxes and royalties generated by the profitable new companies that bring them to market?

Unfortunately, the structure of the current medical innovation system creates inherent conflicts between this laundry list of laudable goals. Can the state really generate large royalty revenues while simultaneously giving its citizens access to new therapies at low prices if and when they appear? Will venture-capital financed start-up companies locate in a state that encumbers state-financed patents with restrictive licensing or pricing provisions? And given the years if not decades of collaborative interaction it will take to produce results, are traditional methods of public-private collaboration the best way to advance this relatively new field?

The California Institute for Regenerative Medicine (CIRM) is in a unique position to provide innovative answers to these difficult questions. With the federal government forsaking participation in this one promising area of research, California – the first state in U.S. history to embark on a large-scale program of biomedical research – has the opportunity to redefine how public authorities and the private sector interact to promote biomedical innovation in the 21st century. While stem cell research is only one small corner of the biomedical world, its newness and its distinct approach to specific medical problems provides an ideal laboratory for challenging long-held assumptions about public-private interactions. CIRM has the opportunity – indeed, it has the obligation – to develop innovative solutions capable of fostering multiple and what at first glance appear to be conflicting goals. 

Why is this necessary? Two reasons. First, if and when these therapies emerge, access to them by the general public that financed much of the early stage research will depend on their being made available at reasonable prices. Yet under the current innovation system, new technologies, no matter how marginally effective, come to market at the highest prices. Indeed, the high cost of the newest medical technologies is one of the main drivers of skyrocketing health care spending, which is now at 15 percent of economic output and is rising year after year at two to three times the rate of inflation. Health care costs threaten to bankrupt the rest of the economy – including the nation’s Medicare and Medicaid systems. 

Second, biomedical innovation has slowed markedly in the past half decade, a fact that has been hidden from the general public by a mainstream media obsessed with medical “breakthroughs” that are really just halting half-steps on the long road to a therapeutic advance. Despite tens of billions of dollars being poured into research each year by the National Institutes of Health and by the pharmaceutical and biotechnology industries, the number of new drugs and biologic therapies approved by the Food and Drug Administration over the past five years has fallen below previous eras. Those new therapies that have been approved tend toward less significance that medical advances of the past. While the public is constantly told that we’re in the midst of the greatest era of medical progress known to man, the sad fact is that even applications to begin testing experimental therapies on human subjects has fallen well below the levels of the early 1990s, suggesting something beyond the usual culprits – tougher FDA requirements and higher failure rates – is at work.

This slowdown in innovation has led many observers to begin questioning some of the assumptions behind the current U.S. medical innovation system. Specifically, they’ve focused on how research institutions handle the intellectual property generated by biomedical innovators, which is the foundation upon which the current pricing and innovation systems rest.

The current system encourages researchers to patent and commercialize discoveries that in an earlier era were considered basic science insights. This has led to an active market in the building blocks of further research, which can be anything from a genetic sequence or a cell receptor to the reagents needed to grow cells in a culture. This proliferation of basic science patents has raised the bar – what economists call transaction costs – for other researchers who want access to these research tools. In some cases, this burgeoning patent thicket has discouraged other researchers from pursuing similar or subsequent lines of inquiry. According to Rebecca Eisenberg, a law professor at the University of Michigan: “When biomedical research is repeatedly stalled pending negotiations over the terms of material transfer agreements, the social cost of foregone or delayed innovations, measured in lives and health, is substantial.”
   

The current rules of the road were established in 1980 by the Bayh-Dole and Stephenson-Wydler technology transfer acts, which govern university-based and government-based researchers, respectively. Prior law required non-exclusive licensing of federally-funded inventions. This resulted in less patenting of significant discoveries. It also led to innovative technologies sitting on the shelf since private firms refused to spend money to develop and market an idea that any company could come along and license in the wake of their initial capital investment. The new laws encouraged universities and federal labs to patent basic science discoveries with practical use and gave them the right to grant exclusive licenses to private firms. It also gave them an incentive. The institution retained the royalties, which could then be shared with the inventor and spent on unrestricted research.

Though the original debate focused on the needs of basic industry, the vast majority of activity spawned by the new laws occurred in biomedicine. Since 1980, more than 3,000 biomedical firms have been launched to commercialize intellectual property minted by government-funded researchers. However, despite this blizzard of entrepreneurial activity, the FDA has approved just 224 products from members of the Biotechnology Industry Organization, the industry trade group. Moreover, many of those products are permutations of the same drug or therapeutic protein (differing only in dosage, for instance) and nearly half came from the large pharmaceutical firms like Eli Lilly, which also belong to BIO.
 

The stem cell field, which is still years away from its first approved therapy, is a perfect example of commercialization fever. While James Thomson of the University of Wisconsin was isolating and growing the first embryonic stem cells with funds from Geron Inc., other stem cell researchers, including many key backers of Proposition 71, had already launched start-ups firms to commercialize patented insights based on adult stem cell research funded by the federal government. For instance, senior researcher Irving Weissman, who runs Stanford University’s Institute for Cancer/Stem Cell Biology and Medicine, holds numerous patents in the field and has launched at least three firms in recent years – Systemix Inc., Celltrans Inc. and StemCell Inc. Douglas Melton of Harvard, whose children have Type I diabetes and has garnered numerous sympathetic press accounts for his research efforts, founded two biotech companies, including Curis Inc., which is specifically devoted to developing stem cell products. Lawrence Goldstein of the University of California at San Diego, a frequent spokesman in the Proposition 71 campaign, helped start Cytokinetics Inc.

Many of the scientists appointed by the CIRM board to the outside expert panel that will conduct peer review of grant proposals (the Scientific and Medical Research Funding Working Group) have similar financial arrangements. Ali Brivanlou, an embryologist at Rockefeller University who holds patents on inducing and maintaining neuron cells, helped found Io Biosciences Inc. and is an active consultant to Regeneron Inc. Regeneron’s chief scientist, George D. Yancopoulos, who also sits on the panel, holds dozens of patents in the field.
 Indeed, though they themselves will not be eligible for CIRM grants because they hail from out of state, virtually every researcher on the grants review panel holds patents that could one day generate revenue from researchers or institutions in California that do receive grants.

The easy answer to why this fevered commercialization activity has not yet led to major breakthroughs in stem cell therapies is that it is still early and it has been short changed. But a substantial increase in government resources over the next decade will not erase the fact that it is inherently difficult. The field of regenerative medicine has sometimes been compared to gene therapy, which was launched with great fanfare in the late 1980s. Despite NIH pouring $4 billion into gene therapy research since 1990 – which in constant dollars is far more than California will be putting into stem cell research – little has come of it. The death of Jesse Gelsinger in 1999 in an experiment where the researcher failed to disclose his financial stake in the firm conducting the trial dealt a severe setback to the field.
 A recent gene therapy trial where two young patients contracted leukemia from the gene transfer may well be its death blow.

That’s not to say that regenerative medicine will suffer a similar fate. Years of research and successes in related fields like bone marrow, tissue and organ transplants and anti-rejection drug development have laid a strong foundation for the next stage of research. The press attention given to recent advances in expressing progenitor heart and neural cells from embryonic stem cells, not to mention the political and ethical controversies that keep the field in the headlines, has generated tremendous enthusiasm among young researchers. Human capital is pouring into the field. The San Francisco stem cell meeting attracted over 2,000 scientists from around the globe, up from just 400 three years ago.

While estimates vary, the federal government is spending less than $200 million a year on stem cell research, the vast majority on adult stem cell programs. Unless the political landscape changes, CIRM is destined to become the major financial supporter of this field. That’s why the decisions that CIRM makes over the next several months regarding the management of intellectual property generated from its grants are so important.

CIRM can fall into the trap of replicating the Bayh-Dole-based federal system, which has fallen on hard times. Or it can institute an alternative system that holds out the promise of achieving what taxpayers were promised: facilitating the research in a way that maximizes its chances of its success; allowing entrepreneurial biotechnology start-up firms, including those in California, to play a major role in bringing therapies to market; and developing the technology in a way that assures that consumers have access at prices the health care system can afford. 

Facilitating Research

In May 2005, a controversial article in Nature drew attention to the emerging patent thicket problem in embryonic stem cell research.
 Jeanne Loring, an embryologist now at the Burnham Institute in La Jolla, California, claimed her start-up firm collapsed when it couldn’t get access to embryonic stem cells at a reasonable price from the Wisconsin Alumni Research Foundation (WARF), the University of Wisconsin’s technology transfer arm which owns the Geron-funded Thomson patents.

Because Thomson was the first to isolate embryonic stem cells in 1998, WARF claimed all potential uses of the cells. After a brief court battle between the two partners, WARF granted Geron exclusive rights to use its patent to generate neural, heart and pancreatic cells – the three most promising areas of research. It then turned around and began charging other commercial firms $100,000 per cell line. Only eight have been granted.

“The intellectual-property situation is stifling industrial research and investment in this area,” a senior executive at one firm told Nature. WARF officials reject that assertion. “Nobody is out there right now saying we want to make a product but we can’t get the licenses to do it,” said senior vice president Andrew Cohn. But he confirmed that WARF and Geron would inevitably demand licensing fees from any use of their invention. “That’s the way this industry works,” this university official said.

Academics, meanwhile, are charged $5,000 per cell line by WARF. Loring, who is now in a non-profit setting, is still feeling the pinch from these supposedly nominal fees (WARF claims the fees are a money-losing proposition given the cost of handling the cell cultures). “$5,000 doesn’t seem like a lot, but that’s one-tenth of a post-doc,” Loring said. “If you get, say, five cell lines, you need $25,000. Academics have to make choices between paying license fees or paying for people to work in the lab.”

Among patent attorneys, the WARF/Geron patent is known as a foundational patent – intellectual property on which an entire field is built. Another foundational patent for stem cell research belongs to John Gearhart at Johns Hopkins University, who was also funded by Geron. In 1998, he filed a patent on cells derived from the eggs and sperm of aborted fetuses (called germ cells), which can also be grown into any of the body’s 200 cell types.
 This entrepreneurial zeal on the part of university-based scientists who develop stem cell foundational technologies stands in stark contrast to the mid-1970s, when the University of California at San Francisco and Stanford granted unrestricted licenses to all comers on the seminal Cohen-Boyer patent for recombinant gene splicing, the foundational patent for all of biotechnology. “WARF has marshaled a daunting team of legal experts to police and enforce this claim,” patent lawyer Sander Rabin wrote in the July issue of Nature Biotechnology.
 

These two foundational patents are just one part of the emerging patent thicket in the stem cell field. A recent survey by the Washington-based law firm of Sterne Kessler Goldstein & Fox identified over 1,400 U.S. patents that make claims to “stem cells, progenitor cells, precursor cells, multipotent cells, pluripotent cells or totipotent cells.” “Any company or research institution that plans to develop stem cells for therapeutic purposes may face a number of blocking patents and applications that will require licenses, if available,” the firm warned in a comment to clients.

The problem could grow substantially worse. Consider the intellectual property potential in the remaining research agenda for turning these early discoveries in stem cell research into practical therapies that meet FDA standards. Scientists must learn how to turn these pluripotent cells into specific cell types, a cookbook that has barely begun to be written and even then for only a few types of cell. Transplantation techniques must be developed along with anti-rejection drug regimens.

Therapeutic cloning – the use of a patient’s own genetic material implanted to grow personalized stem cells to avoid immune system rejection – presents scientists with another immense challenge. How can they develop this personalized medicine without harvesting as many donor eggs as there are patients? This daunting technical task must be accomplished or the technology will become financially, not to mention ethically, prohibitive.

Finally, whatever therapies emerge must meet as yet undetermined standards of uniformity and safety so that they can be used at least somewhat confidently in human clinical trials. To this complicated research agenda one can add what many observers believe will be the first and most practical use of stem cell preparations – their use as research tools for testing drugs or learning more about the evolution of genetic or degenerative disorders.     

As this research proceeds, every step in the process will provide another chance for some researcher and their institution to add its intellectual property to the emerging patent thicket. All researchers and their institutions, whether public or private, will bring their own set of motives to the terms and conditions they set on the use of their IP. Some will be motivated by altruism and the desire to further public health. Others will have different motives.

The potential for patent licensing restrictions to retard the pace of research is impossible to quantify, but, as law professor Eisenberg points out, it surely exists. How does one count the decisions of researchers who eschew a line of research because they don’t want to bother securing the necessary licenses or material transfer agreements? How does one count the decisions of researchers to avoid fields entirely because someone else already has locked up key inventions? How can one predict if cascading licensing fees will make downstream research prohibitively expensive?  

CIRM can become the catalyst for cutting through this patent thicket. It can require that all of its grant recipients agree to donate the exclusive license to any insights, materials and technologies they patent with state funding to a common patent pool administered by a third party outside CIRM. Patent pools have been successfully used in other high technology industries such as consumer electronics and software to facilitate the development of new technologies that require either common standards or rest on a common base of basic research. Several patent law firms and close observers of medical research have suggested they can work in biomedicine.
 Even the California Council on Science and Technology’s recently issued interim report, which essentially endorsed the Bayh-Dole model for handling IP generated by CIRM-funded research, suggested mechanisms like broad-use licenses could be used facilitate sharing of software, databases and other early stage research tools.
 

But the CIRM-initiated stem cell patent pool needs to reach beyond the early stages of research if it is going to maximize the chances that this targeted research campaign will eventually produce therapeutic results. As researchers move farther down the development trail, the pool can serve as a one-stop clearinghouse for all researchers in the public or private sector where they can gain the necessary permission for pursuing the next stage of their research at low cost with minimal transaction fees, including time.

Moreover, the pool authority can act as an agent for implementing many of the other policies and science-based challenges that will inevitably arise as the research progresses. It can be the mechanism for enforcing the ethical standards set by CIRM or the California legislature. The pool authority can play a crucial role in helping the FDA set common standards for cell line preparations as research moves toward the critical clinical trial phase. And, given California’s instrumental role in funding future research, the pool should have the scale to leverage the cooperation of existing patent holders whose IP predated formation of the pool or whose future research will be funded by other governments, non-profits or private firms.

Moreover, the pool can exert a strong influence over accessibility to the fruits of downstream research. As a condition for obtaining a pool license, any researcher would have to contribute any IP that results from using the pool license back into the pool. In the software world this is known as open source licensing, which was used successfully to develop the still evolving Linux computer operating system.

There are already early stirrings of open-source development in the world of biotechnology. The Rockefeller Foundation-funded Center for Application of Molecular Biology to International Agriculture (CAMBIA), run by microbiologist Richard Jefferson, patented an alternative method for producing pest-resistant crops that avoided patents owned by agribusiness giants like Monsanto and Syngenta. But instead of offering an exclusive license to some firm that wanted to use the platform technology to produce proprietary products, Jefferson, 49, turned his patents over to the non-profit CAMBIA, which will make them freely available under the open source model to any researcher who agrees that their own innovations using the technology will be handled in the same way.

While initially motivated by a desire to produce low-cost genetically modified crops for the developing world, Jefferson, an American based in Australia, now says he is willing to let private firms use the technology to make proprietary products. “By making it accessible to all players,” he said, “you set the stage for a competitive environment.”

Ensuring Private Sector Participation

There is one major stumbling block to the use of an open-source patent pool to facilitate stem cell research. Unlike software or even agriculture biotechnology, where the end products are relatively low-cost and the costs of development are relatively evenly distributed throughout the development process, biomedical research costs escalate the further one gets into the development process. There is a huge difference between the costs of any individual step in the early-stage research that develops basic science and research tools and provides early proof that a specific medical intervention may work in humans, and the downstream applied research required to produce a uniform product to FDA standards and generate the clinical trial data that shows it will work for a specific patient population.

Much of the broad river of upstream basic research is speculative and long-term. It is highly dependent on the insights gleaned from other researchers through routine exchanges at scientific meetings and in the scientific literature. It often requires collaboration and the sharing of data and techniques. Promising lines of inquiry routinely fail. And when critical insights appear, they often come from unheralded researchers or through the serendipity of unplanned interactions. It is, in short, the riskiest form research, even when targeted at a specific goal like regenerative medicine.

Hence, it is almost always government-funded. One need only consider the more than $60 billion spent by the National Cancer Institute since President Richard Nixon declared war on cancer in 1971 and the scant progress that’s been made against many forms of that fatal disease to understand the risk of basic research. Embarking on a targeted research campaign provides no guarantee of success, no matter how much money is poured into its pursuit. “Scientists must do a better job of articulating the limitations of our existing knowledge, taking care to emphasize not only the ultimate therapeutic potential of these cells, but also how far we are from achieving such therapies,” David A. Shaywitz, a Harvard stem cell researcher, recently wrote in an attempt to inject a note of caution into the debate. “The development of this entirely new area of science will take dedication, funding and, above all, time.”

On the other hand, the downstream research needed to develop approvable therapies from the rare discoveries developed by university- or government-based researchers carries its own form of risk. It can take up to five to ten years from the start of human safety experiments. And while its costs are far less than what is claimed by the drug industry, the investment required to develop everything from pristine manufacturing methods to running the final clinical trials can run into the tens or even hundreds of millions of dollars. And the trials can fail. As a result, this developmental research has almost always been funded by the private sector.
 There are, of course, many exceptions to this rule: the early AIDS medications, many cancer drugs, some vaccines and the development of several rare disease therapies have been entirely funded by government agencies. But in recent years, this has been largely a private-sector activity.
The private sector’s reward for taking these late stage risks is the right to charge whatever the healthcare marketplace will bear. “Exclusive proprietary rights are quite important in order to motivate the kind of investment that is required,” said Alan Bennett, associate vice chancellor for research at the University of California, Davis, who chaired the California Council on Science and Technology committee that considered intellectual property alternatives for CIRM.
 

However, there is an alternative to the exclusive rights/high prices model used by conventional markets. CIRM could establish a major prize for the companies and institutions that collaborate to produce a successful stem cell therapy. The prize would have to be large enough to justify the substantial investment required to carry out the final stages of research. It would also have to be large enough to share with the upstream patent holders whose basic and applied research became part of the pool that led to the new therapy. One could imagine prizes ranging as high as a billion dollars driven by considerations like the prevalence and public health impact of the disease, the difficulty in developing its cure and the capital investment required to achieve results.

Independent Rep. Bernie Sanders, who is running for Senator from Vermont next year, has proposed a prize system for drug development at the federal level.
 Two NIH scientists recently proposed a “buy-out” pricing system that amounts to a prize. “The appeal of the buy-out is that it would spread the cost of drug development across all of society and make pharmaceutical products available to patients at the lowest possible price, while giving industry substantial research incentives,” they wrote.

A prize system in entirely consistent with the existing intellectual property system and meets many of the goals laid out for CIRM by the CCST report. Inventors and their institutions would retain the IP rights to CIRM-funded inventions. Any revenues generated from the prize could be shared with the inventor and reinvested in research and education. Though the rights to the invention would be turned over to the pool, the technology transfer officials at an institution would still have an incentive (their share of the prize) to aggressively pursue its use by downstream scientists in the public or private sectors if they felt their invention was not being properly utilized.   

When any line of research neared its final phases, the pool operator would probably want to grant an exclusive license. It makes no sense to have two expensive, late-stage clinical trials aimed at FDA approval for the same therapeutic product. Nor would many firms want to invest in this last, most expensive stage of research if they knew their portion of the prize would have to be shared with one or more other firms. It might even make sense to award exclusivity in the earlier phases of human testing, especially if the firm or academic institution that developed the technology was well positioned in terms of personnel and expertise to pursue the next stage of research.  

How would the prize be divvied up? In a recent article in the Journal of the American Medical Association, Harvard Medical School professors Aaron Kesselheim and Jerry Avorn recommended a patent pool for university-based patents as a way of avoiding upstream patent thickets. They also proposed mandatory arbitration as a way to assign credit and distribute royalties after a firm exclusively licensed the resulting technologies.
 Their concerns were driven by a recent court decisions (Madey v Duke University and Integra LifeSciences I, Ltd. v Merck KGaA) that, in the former case, limited universities’ royalties research exemption but, in the latter case, gave that exemption to pharmaceutical firms when developing new drug applications for the FDA. Their goal in a world where industry charges high prices for drugs developed in part at taxpayer expense was to insure that university-based researchers and their institutions continue to get a flow of royalties from the drug industry for further research.

While mandatory arbitration could work, a simpler alternative would be to divide the prize based on the actual costs of the research contracts that led to the underlying patents used in the resulting technology. This would be extended all the way up the line to the clinical trials that led to the final product. The cost of public sector research contracts could be easily determined. And if the investment came from the private sector, the firms involved would submit audited statements before claiming their share of the prize. This would undoubtedly weight the distribution to the parties that conducted the final phases of research – usually private sector firms – since the trials are generally the most expensive part of therapeutic development.    

Besides leaving the existing intellectual property system intact, it is important to note that a prize system also conforms to the current model used by venture capitalists to finance biotechnology start-ups. A VC biotechnology fund typically finances a dozen or more small firms with promising technologies. It gives them just enough cash to get through the earliest phases of clinical trial research. Most fail. But if one or two develop a promising therapy ready for final stage trials, the rights (or the firms themselves) are usually sold to big pharmaceutical companies, which conduct the final, most expensive clinical trials. The VC hopes this payout – in recent years the price for a promising technology has ranged into the hundreds of millions of dollars – is sufficient to cover the cost of the failures and still provide a generous return on the original investment.

A prize neatly substitutes for this one-time cash payout. It need only be large enough to keep VC-financed biotechnology firms, with the entrepreneurial zeal, collaborative work ethic and financial motivation they bring to the endeavor, involved in the system.

The large pharmaceutical firms open to new models for their future success should also be willing to get involved. There’s no reason why their R&D departments cannot play a role at any stage of stem cell therapeutic development and win a portion of the prize commensurate with their contribution. The big drug firms are repositories of manufacturing, mass screening and clinical trial management skills that can be deployed in this as in any endeavor. Moreover, assuming the prize is sufficiently large, they should be willing to put up the large sums needed for the final trial because success at this point is usually a 50-50 proposition (pharmaceutical executives refer to this as the “go-no go” decision point when evaluating in-house development programs) and the largest portion of the prize will go to the entity that puts up the most capital. 

However, should capital markets be unwilling to finance these larger trials, the task can be assumed by CIRM or other government entities. NIH has a long history of funding clinical trial networks for testing HIV/AIDS drugs and cancer therapies. There’s no reason why a similar network can’t be established for testing stem cell therapeutics.

How can CIRM finance prizes that could range up to a billion dollars for the multiple therapies that could emerge from stem cell research? The prize will only be awarded for success. That means the prize must be paid at a time when the new therapies are rapidly being diffused through the U.S. and global health care systems. CIRM could sell long-term, tax-exempt bonds financed by a surcharge on each use of the new therapy. Indeed, the maturity of the bonds could correspond to the 20-year patent terms of the pre-prize era.

Access and Affordability

With these pieces of puzzle in place, the stage has been set for delivering affordable therapies. Once the prize has been awarded for a successfully developed stem cell therapy, the pool authority can grant licenses to one or more generic manufacturing firms, which can then compete to sell the therapy to health care providers and the public on cost-plus basis.

Wouldn’t the surcharge to finance the prize, when added to the cost-plus production by generic manufacturers, add up to the same high prices for medicines the public gets from the current system? Not at all. The prize eliminates the 30 to 40 percent of pharmaceutical industry revenue generated by wasteful marketing costs. The prize provides no rewards for industry R&D that goes into developing medicines that duplicate the action of medicines already on the market. Financing the prize with tax-exempt bonds insures that the surcharge will be based on the lowest-cost capital available. The economics literature is filled with examples of where large prizes have spurred technological innovation. It could work for CIRM.

Finally, by limiting grant applications to institutions and firms located in California, the state has guaranteed that local researchers, whether in the public or private sectors, will be major players in the patent pool and sharers in the ultimate prize should stem cell research prove successful. This should meet the goal of generating jobs and taxes as one payback for this investment by the state’s taxpayers. On the other hand, CIRM should explicitly reject a system that seeks high royalties for the state from exclusive licensing of stem cell technology to private firms. This would only exacerbate the nation’s – and California’s – overall health care cost problem.

Combining a patent pool, an open-source model of IP development and a shared prize system for developing stem cell therapies, the California state stem cell program can pave the way for a new medical innovation system for the 21st century, one that can generate cures for terrible diseases at prices that are affordable for all. States have traditionally been the laboratories of America’s evolving democracy. If it is successful in this one area of biomedical research, CIRM’s innovative approach could serve as a model for reforming the entire federal biomedical innovation system.
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