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Abstract Unless an insurance scheme discussed here accompany them, Push and Pull Mechanisms are showed to create disincentives for investments in available treatment technologies to eradicate orphan diseases. In a formal model of a government’ s optimal allocation of resources, we show that the higher the odds of appearance of an innovative treatment, as occurring when those mechanisms are implemented, the lower the optimal provision of current treatments and other health expenditures. We also show that the higher the opportunity cost of money of current investments, the lower the optimal provision current treatments and other health expenditures. An insurance scheme remedies those issues. ∗
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Introduction



There are specific deterrents for a private pharmaceutical company to invest in R&D for orphan diseases. The risk of failure in the R&D is high in many cases (a therapeutic AIDS vaccine for instance), when successful the market is not profitable enough because most of the infections are in poor countries, and there is a history of breaking patents at least for HIV/AIDS. At the same time, innovative treatments are critically needed to contain and then eradicate orphan diseases, and large private companies are the most likely to develop them. After acknowledging those issues, several initiatives have been implemented worldwide to alleviate market disincentives to start a R&D venture for orphan diseases. Push Mechanisms aim at alleviating problems during the research phase, such as the reduction of the risk of failure; Pull Mechanisms are designed to artificially create viable market conditions after the R&D is successful. A typical example is a precommitment to purchase in advance a specified quantity of medical product at a pre-specified price. We argue that those mechanisms alone, and without an insurance mechanism described here, are antagonistic with current funding campaigns aimed at fostering the delivery of available treatments. For most of it, those campaigns take the form of direct subsidies to governments in charge of delivering the treatments locally (with some notable exceptions). The point is that the future availability of innovative treatments, capable when introduced of rendering obsolete some of the investments in current treatments, is a severe disincentives to current investment unless losses incurred during the upgrading can be compensated. When anticipating the severe
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losses during the upgrade, documented for the case of HIV/AIDS in the following section, we find that governments in developing countries find it optimal to lower current investments (or to postpone them) until the odds of obsolescence are better known. The introduction of an insurance scheme compensating for those losses allow to increase the current provision of treatments. Our point is consistent with the general theory of optimal investment under uncertainty, as developed in Dixit and Pindyck [4] Ch. 7-11, even if we make our analysis for the specific case of HIV/AIDS. We show that, in a standard model of optimal allocation of resources for a government in developing country, the higher the odds of appearance of an innovative treatment, as occurring when Push and Pull Mechanisms are implemented, the lower the optimal provision of current treatments and other health expenditures. This last point is also consistent with other observed crowding-out effects on health budgets, as evidenced later on. We also show that the higher the opportunity cost of money of the foregone current investments, as typical in developing countries where public resources are scarce, the lower the optimal provision current treatments and other health expenditures. Our point is also consistent with some observed under-provisions of current treatments (UNAIDS [10] p.11), without fully explaining them though. The current funding campaigns are nonetheless essential, but we argue that they should be accompanied with an insurance scheme compensating for the large losses of upgrading. Among them, we point out the ‘3 by 5’ initiative that was an ambitious project launched in 2003 by UNAIDS, the agency of the United Nations specialized in the fight against AIDS, and the World Health Organization. The objective was to supply Anti-Retroviral Treatment (ART) to three million people living with 3



HIV/AIDS in low and middle-income countries by the end of 2005. This initiative aimed at fostering universal access to HIV/AIDS care to those in need, regardless of their income and social background, and to reach 50% of those in need worldwide. Other initiatives are also noteworthy. The GFATAM for instance received U.S.$ 9 billion to coordinate prevention, care and treatment worldwide mostly against HIV/AIDS but also against other orphan diseases. Donors were for most of it governments of 50 countries, with also some corporations and private contributors. Roughly U.S.$ 2.5 billion have been invested in HIV programs, and treated 220,000 patients between 2001 and 2005 (Lamptey et al. [7]). A third major initiative was the launch in 2003 of the U.S. Presidents Emergency Plan For AIDS Relief. This plan spanned 5 years and was endowed with U.S.$ 15 billion to fight HIV/AIDS beyond U.S. borders. Fifteen countries received subsidies to foster access to ART treatments and prevention. The paper is organized as follows. In Section 2, we give concrete examples of Push and Pull Mechanisms and we give a more detailed intuition about the disincentives they create unless an insurance accompany them; in Section 3, we develop a formal model of optimal allocation of resources for a government in developing countries in absence of insurance scheme; Section 4 contains some concluding remarks, and the technical proofs are given in the Appendix.
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The mechanisms and their antagonism



In this section, we describe in more detail the Push and Pull Mechanisms and we provide some examples. We also give the intuition why those mechanisms are an4



tagonistic with current funding campaigns, whereas the formal point is made in the following section. We finally describe an insurance scheme alleviating this antagonism.



2.1



Push and pull mechanisms



We next describe the mechanisms aimed at fostering the R&D of innovative treatments. In the case of HIV/AIDS, the new technology capable of challenging the many drugs patents already in place is a therapeutic vaccine. This therapeutic vaccine is designed so as to both treat infected patients and reduce HIV-transmissibility by diminishing the mean viral load in the population. The vaccine could therefore delay the need for current treatments such as ARV drugs for several years (see Klausner [6] and Wei et al. [12]). Such effects can be achieved with one injection only, and the production cost is small. However, there are difficult medical challenges to overcome in creating this vaccine. Push mechanisms tackle the pitfalls of the research process in innovative treatments, by reducing the cost of failure and facilitating widespread dissemination of scientific knowledge. In the case of HIV/AIDS for instance, there is little hope to have an effective vaccine in the near future because of this issue, despite some efforts from pharmaceutical companies. Twenty vaccines were developed in 2007, most of them targeted against HIV infection (American Pharmaceutical Research Companies [1]). Developed countries, mostly the U.S. and France with public funds up to 90%, are developing such a therapeutic vaccine to be delivered at no cost (or at production cost) to developing countries. Current estimates of worldwide spending on HIV
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vaccine research range between U.S.$ 600 and 650 million (IAVI [5]), although this amount may not be sufficient. The first barrier to innovation is the lack of scientific understanding of the virus, which makes the development very risky since treatments are sought without a sound understanding of the evolutionary patterns of the virus. Push mechanisms have in part focused on developing research grants to universities and on increasing knowledge transfer at international level. The best example of bodies implementing push strategies of this kind is the International AIDS Vaccine Initiative (IAVI), a not-for-profit organization set up in 1996 with the World Bank as a founding partner and currently funded by the Bill & Melinda Gates Foundation among others. IAVI has already worked with academia and industry to launch four vaccine development partnerships in sub-Saharan Africa, even if those projects failed, and it has helped coordinating efforts in China and India for vaccine development projects. Since the inception of IAVI in 1996, its budget has now grown to $230 million in 2008, and the organization is very active in organizing conferences and technology transfer to help develop the vaccine. Other examples of push strategies involve R&D tax credits to commercial companies, as typically done in the US, whose purpose is to transfer the cost of failure to society as a whole through tax release for companies seriously undertaking vaccine development. The establishment of local development facilities for testing products by public authorities is also a common push mechanism and it allows to significantly reduce the trial costs, which typically amounts to one-third of the overall budget. This mechanism is implemented in countries where the trial takes place, and public involvement varies across countries. 6



We now turn to describing Pull Mechanisms that foster the commercialization phase. Effective commercialization is critical for HIV/AIDS and other neglected diseases, for at least two reasons. First, the expected return is low since the infected population is mostly located in developed countries (orphan diseases); second, the patent may be broken at any time and thus the commercial return may well be close to zero despite the severe initial investments. Disincentives to start a R&D venture because of commercialization problems is essentially due to the timing of interactions. To succeed in developing an innovative treatment, a pharmaceutical company will have first to invest a significant amount of funds for a long period of time and with a high risk of failure. However, the patent may be broken after those investments are made, and thus before the company has at least recovered its investment. Patent breaking is quite likely because decision-makers (governments in developing countries for most of it) typically do not have any stakes in pharmaceutical companies and have a significant domestic gain when violating the patent. This timing problem, leading to socially detrimental delay in initial investments because of the lack of early credible commitment to secure a profitable market, is called the Commitment Issue, and sometimes also Time Inconsistency. Time inconsistency is the main deterrent that most Pull Mechanisms try to tackle. The most common pull mechanism in the U.S., which involves governmental intervention, is a tax credit on sales to some organizations officially designated for the delivery to patients in developing countries. The advantage is to spread the risk of low market returns in developing countries to taxpayers in developed countries, although this mechanism does little to solve the time inconsistency problem. Patent extensions on the product of interest have been implemented with the same advantages and pitfalls 7



as for tax credits. A clear improvement on the idea of patent extension is the notion of transferable patent extension, which allows an extension on another existing patent when the patent on the current product is broken. A promising pull mechanism is an Advance Market Commitment (or AMC), as described in Berndt et al. [2] for instance. An AMC is a legally binding contract that guarantees profitable market conditions if a vaccine is successfully developed, regardless of whether the patent is broken. This mechanism would guarantee the purchase of a pre-determined quantity of vaccines at a pre-determined price, and the guarantee would come before any investment decision is made.



2.2



The antagonism and a possible solution



We now verbally describe the antagonism of those mechanisms with current funding campaigns as described in the Introduction, the formal point is given in the following section. The difficulty with current treatments against HIV/AIDS, such as ARV treatments, is that they are expensive and difficult to deliver to patients. In contrast, a therapeutic vaccine is intended to be a one-shot only treatment and the production cost is typically low. International subsidies, which roughly amount to 75% of the overall budget allocated to fighting AIDS, will thus be diverted to vaccine delivery when available, forcing in turn developing countries to upgrade to this new technology. Nevertheless, irreversible investments in current treatments technologies will be lost. Managerial costs, also called Program Level Costs, are the most natural sunk cost and clearly lost when upgrading. Those costs include monitoring and evaluation of
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current delivery policies, staff training, supervision of personnel and patients tracking. United Nations estimates assert that such costs amounted to US$ 1.236 billion in 2006, US$ 1.095 billion in 2007 and US$ 1.281 billion for all 135 low and middle income countries (UNAIDS [10]). In South Africa for instance, those costs roughly amount to 8% of the global investment in ARV treatment program (Cleary et al. [3]). Other severe losses are on the drug production side. ARV drugs are often produced in developing countries, for instance in Brazil and India, where the patents have been broken. Those countries have saved the R&D cost in the process, but the cost of setting up the plants remains at national level. Even if drug plants can partially be redirected to the production of other drugs such as antibiotics, the nature of ARV treatments make any reshuffling costly and most likely inefficient. The pharmaceutical industry traditionally suffers from rigid manufacturing plans with specialized production equipment, together with costly regulatory requirements (Shah [9]), and the reshuffling is typically prohibitive. With those facts in mind, the antagonism is explained as follows. The losses above would represent not only a severe direct loss in case of an upgrade for developing countries, but also and perhaps foremost the opportunity cost of those funds is severe and renders public economic policies inefficient in a situation of severe scarcity of resources. The risk faced by developing countries is about the date of obsolescence of those investments, or in others words about when a therapeutic vaccine appears. The longer the current investments remain in place, the more return and benefits on the current investments society gets for the cost. We next see how the uncertainty about the time those losses occur distorts optimal decisions to invest now in available treatments technologies, or equivalently to lower investment compared to the optimal 9



provision given available budgets. The optimal decision of investing now in current treatment technologies is based on the comparison between the return of the investments on the one hand, and the overall social cost of the investments on the other. The social costs of those investments ought to include the opportunity cost of money; that is, the cost of not using this money for other necessary social needs such as building schools and roads. The decision to invest now is optimal when the expected social benefits exceed the expected social costs, where the expectation encompasses the random time of obsolescence of current investments. This method is standard in Economics, and it is studied in related setting in Dixit and Pindyck [4]. Since the time of appearance is random, it is rational to use the expected time of appearance when making the above comparison.When better information become available over time, the estimator of the expected appearance time becomes more accurate, leading in turn to more reliable risk assessment. In our setting, the efficiency of Push and Pull mechanisms directly affects the odds of a vaccine appearance, and thus directly affects the investment decision. The optimal delay to invest, or equivalently the level of under-provision on the previously planned decisions, corresponds exactly to the date when this estimator on vaccine appearance becomes accurate enough to generate enough return on the investments. We still need to incorporate the economic externality of the epidemic spread on the optimal decision to delay. The apparent difficulty is that any decision to delay worsens the spread, aggravating the medical situation and in turn the economic consequences. It turns out that it still remains optimal to delay current investments in the presence of an epidemic spread; however the presence of this negative externality shortens 10



the optimal delay of the previous case. The intuition is similar as above, the only difference is that the benefits of current investments are now increased because they slow down the spread. Following this reasoning, it is also easy to see that the stronger the externality of the spread, the shorter the delay. This situation is typical of an uninsurable risk, where the losses are taken without any possibility to get compensated. The design of an artificial insurance capable of replicating this insurance is thus essential to er-establish economic circumstances favorable to an increase in the provision of current treatments, while awaiting the appearance of better treatments. The derivatives introduced in Leoni and Luchini [8] allow for this hedge, and it is shown there that they increase social welfare when introduced.
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The model



We now formalize the idea that an increase in the odds of a future vaccine appearance, as occurs when Push and Pull mechanisms are actively implemented, lower the optimal provision of current treatments. Moreover, it will argue that so does an increase in the opportunity cost of money of investments in current treatments, defined as a lowered marginal utility of those funds. Our model is a simple and standard problem of optimal allocation of resources by a government, although it captures the most relevant economic issues at stake. In our framework, the government of a developing countries allocates resources to enhance national consumption, provision of production of ARV treatments and other unrelated public health expenditures for a given level of endowments (which include 11



a given level of international subsidies). There are two periods (t = 0 and t = 1), and a given population of infected patients in period 0. A benevolent government is in charge of treating the patients. Every infected agent must receive medical treatment in period 1, or else dies during this period. Potentially, there are two forms of medical treatment that guarantee the survival of the infected patient. The first one is a pill of ARV drug, with the assumption that technical knowledge exists in period 0 to start production in period 1. The alternative to this treatment is a therapeutic vaccine (or any other innovation outdating existing treatments) available in period 1 with positive probability described next. The vaccine is developed in period 0 by an agency independent of the government. In period 1, it becomes common knowledge whether the development campaign started in period 0 is successful. If the vaccine is available in period 1, the agency (such as the GFATAM or a similar body) funds a distribution campaign to treat the infected population. We assume that a vaccine appears in period 1 with exogenous probability α > 0. This probability can be regarded as the odds of success in the clinical trial started in period 0. We now describe the government decision problem. There is one consumption good available in every period, which can be regarded as capital at hand. The government receives an exogenous endowment w0 > 0 of this consumption good in period 0. This endowment is the only source of revenue in this period, and it can be regarded as capital available from fiscal revenues, payments from previous investments or international subsidies. The government can turn the consumption good into ARV treatments and unrelated health expenditures in a way described later, or can also 12



consume it directly. Immediate consumption can also be interpreted as the provision of other public goods such as roads or schools. The government thus faces a problem of optimal allocation of resources between national consumption, treatment of the infected population and the provision of other health expenditures. In period 1, the government has an endowment of consumption good w1 > 0 if the vaccine is available, and w2 > 0 otherwise. We assume that w1 is significantly smaller than w2 because the losses of sunk cost in ARV treatments that cannot be salvaged when upgrading, and of the decline in international subsidies described earlier. In particular, this drop in endowment stemming from a loss in previous investments and a drop in international subsidies gives incentives to the government to hedge against this fluctuation in endowments. Let c0 denote the amount of consumption good consumed in period 0, and let c1 (resp. c2 ) denote the amount of consumption good consumed in period 1 if the vaccine is available (resp. if not available). The government is thus in charge of producing ARV treatments and other health expenditures, called health good. Those are produced in period 0, and are distributed at no cost to the population in period 1. For sake of simplicity, we assume that for any amount of consumption good g ≥ 0, the government uses a one-to-one technology to produce a measure g of health expenditures. The government also uses a one-toone technology to produce ARV treatments. A measure T of ARV treatment has two components, one component g 0 that can be turned into other health good if the vaccine appears, and a component d that is AIDS specific and is lost if a vaccine appears. The component d will be called treatments. To simplify the analysis, we assume that the component g 0 is embedded into the provision of the health good h. If the vaccine is available, it is distributed to the population at no cost to the 13



government by the agency. The utility derived by the government from a sequence (c0 , c1 , c2 , d, g) is given by the welfare function U (c0 , c1 , c2 , d, h) = u(c0 ) + βα[v(h)] + β(1 − α)[v(h) + V (d)]



(1)



where β > 0 is an intertemporal discount factor, and where the functions u, v and V are all strictly increasing, strictly concave, twice-continuously differentiable and satisfy the Inada conditions. The function V measures the specific emphasis on treating the infected population regardless of possible losses, we assume that V (.) = γf (.), where V ∈ (0, 1) is a constant that represents the relative social weight the government puts on unrecoverable losses. The lower γ, the lower the social benefits that the government gets from treating the infected patients. The constant γ can naturally be regarded as a measure of the opportunity cost of money of unrecoverable losses in case of a vaccine appearance, in the sense that the lower γ the lower the marginal utility of additional investments in treatments and thus the higher the opportunity cost of money. The function u (resp. v) measures the utility derived from consumption good (resp. public good). The functions V and v can depend on the level of infected population, political priorities or other demands for health expenditures. We now describe the budget constraints faced by the government. The budget constraint in period 0 is given by c0 + g + d ≤ w0 , and c0 , g, d ≥ 0.



(2)



The following result analyzes the optimal provision of health good and AIDS treatments as the likelihood of a vaccine appearance increases. 14



Proposition 1 Assume that no insurance can be purchased. The optimal provisions d∗ and h∗ decrease as α increases. Proposition 1 states that, in absence of transition mechanism, the optimal provision of health good and AIDS treatments decrease as the vaccine becomes more and more likely to appear. The intuition is given in the Introduction, and the result is also consistent with those in Dixit and Pindyck [4] Ch. 7-11, with a different framework better fitted for the AIDS problem at stake. We next analyze how the optimal provision of treatments and health good is affected when the opportunity cost of money of unrecoverable losses increases, and without the possibility to insure. Proposition 2 The optimal provisions d∗ and h∗ decrease as γ decreases. Proposition 2 states that both the optimal provision of health good and AIDS treatments decrease as the opportunity cost of money of unrecoverable losses increases, which is equivalent to a decrease in γ as explained earlier. The intuition of this result is explained in the Introduction. The result is consistent with the reports of reluctance to invest in ARV treatments as reported in UNAIDS [?] described earlier, for countries with scarce resources, where the amount of money foregone in AIDS puts a severe strain on other necessary public expenditures, in a situation of shortfall of public resources.
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Conclusion



We have discussed why the current funding campaigns to fight HIV/AIDS are antagonistic with the worldwide efforts to promote the appearance of innovative treatments such as a therapeutic vaccine. The basic insight is that the future appearance of those innovative treatments are a major disincentives to investments in current treatments. The sunk costs lost when upgrading to better treatments are severe, and it remains optimal to lower or delay current investments until the expected time of the upgrade is better known. We thus argue that the efforts to foster the appearance of innovative treatments must be accompanied with the creation of an insurance capable of hedging against the losses incurred during the upgrading. An insurance scheme is suggested in Leoni and Luchini [8], and it can be used for many other orphan diseases of similar characteristics.



A



Proofs



We now prove Propositions 1 and 2. The proofs start by analyzing the optimization problem faced by the government. Since the utility functions are strictly increasing, the budget constraints in (2) must be binding. After rearranging terms, this implies that the program faced by the government comes down to maximizing the expression



u(w0 − d − h) + β(1 − α)V (d) + βv(h),



16



(3)



with respect to the variables (d, h, θ). We first notice that, by the Inada conditions, the solution variables (d, h) to the above program must be strictly positive. Taking the first order conditions, and using the price relation given in Proposition A, we obtain the following equilibrium relations: u0 (w0 − d − h) = βv 0 (h), and



(4)



u0 (w0 − d − h) = β(1 − α)V 0 (h).



(5)



Rearranging the above equations, we obtain that v 0 (h) = (1 − α)V 0 (d).



(6)



We now prove Proposition 1. By Eq. (6), the optimal h increases as d increases, and conversely, because both u and V 0 are decreasing by assumption. To prove the result, we proceed by way of contradiction. By the previous remark, it is enough to consider the following case to reach a contradiction: there exist optimal (h1 , d1 ) corresponding to α1 and optimal (h2 , d2 ) corresponding to α2 such that α1 > α2 and (h1 , d1 ) > (h2 , d2 ). Under this case, consider now Eq. (4) applied to (h2 , d2 ) and α2 . By the previous remarks, we have that u0 (w0 − d1 − h1 ) > u0 (w0 − d2 − h2 ) = βv 0 (h2 ) > βv 0 (h1 ),



(7)



which directly implies that u0 (w0 − d1 − h1 ) > βv 0 (h1 ).



(8)



Eq. (8) contradicts the fact that (h1 , d1 ) is an optimal allocation, and thus must satisfy Eq. (4) with equality. This is a contradiction, and the proof is now complete. 17



The proof of Proposition 2 follows the same lines, after recognizing that V 0 (.) = γf 0 (.).
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