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The cost of treatment for rare diseases is notoriously high imposing threats to the global healthcare system. Existing market-based tools for orphan drugs are not designed to reduce drug prices and could be hampered by adverse selection. We propose an alternative insurance mechanism, Massive Group Insurance (MGI), which aims at reducing the prices of orphan drugs through offering separate Intellectual Property Right (IPR) Fees to the drug company from an MGI Agency, which will collect insurance premiums from each country on each orphan drug that the country wants all its citizens to enjoy access to. The premiums will be calculated so as to ensure that the drug company will collect a profit no smaller than what it enjoys under the traditional model. The plan uses the group insurance concept and will generate a significant increase in drug use. Blockchain technology is used to facilitate authentication and effective IPR payments and ensure data security and low administrative cost. This model can potentially be extended to other categories of expensive drugs and vaccines.
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INTRODUCTION
According to the European Medicines Agency, there are between 5,000 and 8,000 distinct rare diseases, and together they affect some 27–36 million people in the European Union (EMA, 2020). Assuming similar prevalence globally 470–627 million people suffer from different kinds of rare diseases (De Vrueh et al., 2013; Nguengang Wakap et al., 2020). The cost of effective treatments is notoriously high and out of reach for most people and for health authorities (Chiu et al., 2018), imposing huge risks for insurers (FoCUS, 2018a). Luzzatto et al. (2018) warned that the increasing number of new Orphan Medicinal Products introduced each year may threaten the sustainability of healthcare systems around the world.
A white paper from the Financing and Reimbursement of Cures for the US (FOCUS) project initiated by MIT (FoCUS, 2018b) suggested that much of the problem is attributed to high development costs, limited populations in the case of rare diseases, and, in some cases, the single dose. That paper reviewed such financing tools as 1) Annuities Consumer Loans, 2) Milestone-Based Contract, 3) Pay-for-Performance, 4) Performance-Based Annuities, 5) Reinsurance, and 6) Risk Pooling, and found that “the key financing challenge for patients is out-of-pocket costs, co-pays and income loss. Few financing solutions can address these concerns … ” This problem stems from the fact that none of them is designed to reduce drug prices insurance companies or patient have to pay. Moreover, as Robinson et. al. (2014) noted, it will also unavoidably face the problem of adverse selection. Users of the drugs will need to have relatively strong life-time incomes in addition to smartly designed insurance or reinsurance schemes. The purpose of this paper is to propose a viable alternative insurance mechanism that deals with the problem of adverse selection directly, taking advantage of the group insurance concept. This will be enabled by a blockchain-based payment system that pays the owners of the Intellectual Property Right (IPR), which would allow a much lower drug price paid by patients or their insurers.
As explained by Haleem et al. (2021) the blockchain is a decentralised peer-to-peer network of personal computers (“nodes”). The network maintains, stores, and records historical or transaction data and allows the integration of disparate networks while ensuring immutability and safety. Unlike a centralized database system, the network of computers copies and spreads the information. Each node in this network processes, verifies, and records each data input. Blockchain therefore offers all the key qualities that we need to implement the proposed Massive Group Insurance (MGI) concept (Abramowicz, 2019; Popovic et al., 2020), which we will explain in Section 2. Section 3 will offer a glimpse into the actuarial basis of the proposed insurance concept using an illustrative statistical model. The final section will provide a summary and reiterate the key advantages of the proposed insurance and business model.
A “MASSIVE GROUP INSURANCE” SCHEME SUPPORTED BY THE BLOCKCHAIN TECHNOLOGY
The new financing model consists of the following elements:
• The proposed insurance is subscribed by the government of a country/jurisdiction on behalf of ALL citizens, hence the name Massive Group Insurance;
• Insurance premiums are specific to each identified existing drug for an identified purpose and specific to the country;
• Each prescription will be authenticated with identified patient, doctor, pharmacist, dosage, when and where, with all information on each transaction recorded in the blockchain;
• The Massive Group Insurance Agency (MGIA) will pay an Intellectual Property Right Fee to the drug company according to the dosage, while the patient or his/her insurer will pay the cost excluding the IPR fee, which under competitive markets will be equal to the marginal cost;
• The developer of the drug company will approve and license manufacturers to produce and sell the drug according to the protocols established by the company competitively.
• The proposed use of blockchain technology will offer ease of use, low cost of administration, data security, and access to authenticated and secure data by both the MGI Agency and researchers, including scientists from drug companies.
When a drug company decides the price for an orphan drug under the traditional business model, profit maximization dictates that it targets at only high-income patients and the very few very rich countries that might cover selected expensive orphan drugs in their national health insurance schemes. As a result the drug will be out of reach for the majority of patients. Still, the drug company would also like to sell to low-income patients at lower prices if the price it charges high-income patients would not be affected. However, this is infeasible in practice due to parallel trade and political pressures to reduce prices in high-income countries if the prices charged to patients in lower-income countries are significantly lower.
The lack of access to the drug for the majority of patients who otherwise would benefit from it under the traditional business model implies a significant welfare loss. Remarkably, the proposed Massive Group Insurance MGI Scheme offers a mechanism that enhances welfare by giving drug companies compensations through Intellectual Property Right fees, affordable drug prices to patients, and the prospect of affordable drug prices to “would-be patients”. “Would-be patients” are people who are not currently suffering from the diseases but nevertheless could (Pfliegler et al., 2014). Everybody would enjoy peace of mind, being assured that, should the misfortune befall them or their loved ones they could handle the costs. This is an improvement in the public interest (Ho, 2013).
Under the proposed approach, citizens in the country that has subscribed to MGI are entitled to buy the designated drug at the cost of production that covers normal profit. While normal profit is difficult to estimate, the market mechanism will take care of that. The key is to open up the production to all qualified producers that will comply with the dispensation protocols and will follow the authentication procedures. Competition will drive prices low enough so that producers will survive and not high enough as to create abnormal profits. Drug developers will receive an IPR fee from the MGI Agency for each authenticated prescription for the given drug based on a formula (to be explained in Section 3) according to the volume of doses consumed within each period. As all patients in the subscribing country are covered under massive group insurance, adverse selection will not happen. The design of the proposed financing model will ensure that drug companies will be better off than under the traditional business model, so that they will have the incentive to participate. We can assume that by beating the traditional business model, the IPR fees will be sufficient to sustain R&D incentives. Our proposed model is intended only for drugs that have been proven effective and are already in the market. As far as these drugs are concerned, drug development cost is a “sunk cost,” so that as long as our proposed new business model beats the traditional business model drug companies will have sufficient incentive to participate.
For drugs that have already hit the market, drug companies certainly would know how much they are getting each year, and most probably also would have a good idea of how much they are going to get within the patent-effective period. They certainly know that, under the traditional model, the market will be limited because many patients will not use them. By lowering the user price in all the countries that subscribe to the MGI, it is possible to estimate the increased size of the market over the next twenty to 30 years. The IPR fee per dosage will be negotiated with the drug company to ensure that the new arrangement will beat the traditional model. During the negotiation process, it is expected that the drug company will present evidence about the revenues derived over the years since the drug was approved. We propose that the MGI Agency should be under the World Health Organization (WHO) to ensure credibility and proper governance. Despite some controversies the WHO is still the predominant authority on global health in the best position to negotiate with powerful drug companies.
The MGI Agency is free to reject a proposed IPR fee that is deemed too high. The drug company also knows that the higher the IPR fee, the higher will also be the MGI premiums which will reduce the number of countries that will participate in the insurance scheme, ultimately reducing the total IPR fees that it can get. This gives the drug company the incentive to cooperate with the MGI Agency to work out the optimal IPR fee that will benefit all parties.
In Figure 1, a drug company faces the original demand curve (D1) and maximizes profit based on Marginal Cost (MC) = Marginal Revenue (MR), leading to price at P*. The development cost of the drug is a fixed cost that is a bygone, but the drug company would argue for the highest IPR fee that is agreeable to the MGI Agency, on the ground that a big enough profit is needed to motivate the development of new drugs.
[image: Figure 1]FIGURE 1 | A profitable business model for drug developers. MC: Marginal Cost, AC: Average Cost.
It is assumed for simplicity that excluding the development cost, MC = AC, implying that production is subject to “constant returns to scale.” Constant returns to scale means that the average cost is the same for bigger or smaller scale production, which is often taken to be the case beyond a minimum efficient scale. A socially optimal pricing formula should be Price = MC, although this would not cover the development cost nor yield the profit necessary to motivate research and development. At this price, total quantity demanded will be Q′, which is much higher than Q*, the quantity prior to the implementation of the proposed scheme.
In the proposed new business model, the drug company will collect IPR fee × Q′ each year (shaded area). The IPR fee is set at such a level as to ensure that the drug companies will not be worse off than under the traditional model. Thus IPR fee × Q′ > (P*–AC) × Q*. More precisely, in a framework that involves time going into the future, we have:
[image: image]
where [image: image] is the time (in years) that the patent expires and r is the interest rate for discount. It is proposed that an IPR fee remains collectible well beyond 20 years which is normal for the term of a patent. Thus [image: image] is bigger than [image: image]. This will provide extra incentive for the drug companies to support the new business model. The IPR fee after 20 years may be allowed to decline, but should remain positive to provide extra incentive for R&D. During the “extended period” the MGI insurance fee for each country will decline proportionately, eventually dropping to zero at the end of [image: image], say 30 years, when the formula of the drug is in the open domain. We argue that extending the period for collection of the IPR fee is superior to the common practice under the traditional model because the drug companies often try to make various modifications to the drug to extend the life of the patent. This could prompt litigation expenses without real benefit to patients (Berger et al., 2016).
When the cost of the drug is reduced, more patients will use the drugs and more will survive. With the exception of one-dose drugs, survivors will continue to need the drug (probably in reduced dosage) so the demand curve will shift to the right (D2) (Figure 1).
Consider an illustrative example as follows. Suppose that under the traditional model with demand at D1, P (=Average Revenue) = 11−Q and MC = AC = 1. We can compute that MR = 11−2Q. Thus, the profit-maximizing output (by setting MR = MC) for the drug company under the traditional model is Q* = 5. The corresponding market price is P* = 6 while the profit is 25.
Further suppose that under the proposed new business model, the market demand expands to D2 with P = 15−Q. The corresponding market output and price under the new scheme are Q′ = 14 and P′ = 1, respectively. With the collection of the IPR fee, the drug company’s profit is IPR fee × Q′.
We can compute that consumer surplus will increase from 12.5 under traditional model to 98 under the new business model (with 37.5 or 44% of the increase due to the gain from a lower price and with 48 or 56% of the increase due to the gain from a demand expansion effect). Moreover, if r = 0.05 (interest rate used for discount = 5% p.a.), T = 20 years and T′ = 30 years, by Eq. 1, we can compute that the drug company earns higher profit as long as IPR fee is higher than 1.45. For example, if the IPR fee is set at 1.8 the drug developer will earn 24% more profit in present value terms over the 30 years when the IPR fee is payable.
Blockchains enjoy a number of important advantages including decentralization and security (WorldBank, 2018). In our model, all key aspects of prescription for a drug can be verified including the prescribing physician, the patient receiving the drug, the diagnosis, the dosage, when and where the prescription is filled, and the pharmacist filling the prescription. To ensure privacy, each user has a public key and a private key. Users can view past transactions without access to the personal information of the parties of the transactions (Prashanth Joshi et al., 2018). Compared to Central Open Database systems, blockchain offers much stronger, hamper-free security apart from authentication of filled prescriptions that forms the basis for calculating payments to the IPR owner. Without authentication there will be possibility of abuse that will threaten the sustainability of the mechanism.
One handy choice for the implementation of the MGI is the use of an Ethereum blockchain. Since 2015 the Ethereum blockchain has proven to enjoy the core benefits of being immutable, decentralized, secure, reliable, and offering fast transactions (Soulsby, 2018). The smart contract algorithm approach used in Ethereum blockchains allows accurate, authenticated transactions by authorized physicians and pharmacists to be recorded so the MIGA can pay IPR fees to the IPR holder periodically according to the filled, authorized prescriptions.
We present the new ecosystem in Figure 2. Premiums are paid by governments, which collect revenue from citizens. The MGIA with the revenue received will pay IPR fees to drug companies and this can be done using a smart contract. Patients or their insurers therefore pay much lower drug prices net of IPR fees to manufacturers. Data is generated in the process that enables the IPR payments and supports clinical research.
[image: Figure 2]FIGURE 2 | Ecosystem among stakeholders under the MGIA.
Blockchain technology is going mainstream in health care and insurance industries. Haleem et al’s (2021) review of the use of the technology concludes that blockchain has reached the healthcare industry with a rising acceptance rate (Haleem et al., 2021, p. 132). Purohit et al. (2021) demonstrated that a novel HonestChain system can be used for data sharing that offers data security, privacy, applicability in terms of speed, and economic gain, allowing providers to achieve “faster data decision making when processing protected data requests from requesters. These provider benefits for multi-source data sharing and analysis can support rapid innovations for clinical research informatics and engender next-generation decision support for researchers/clinicians in the cure of diseases” (p. 3025). A report from Chang and Freidman (2016) on the use of blockchain in health insurance concludes that “The greatest opportunities may extend beyond making incremental improvements in current business models to harnessing blockchain’s unique attributes to create entirely new types of interactive policies and launch innovative services that add value and grow the business.” Justinia (2019) and Abramowicz (2019) offer extensive discussions on how the application of blockchain in insurance may offer opportunities for solving real-world problems in healthcare and biomedical sciences.
AN ILLUSTRATIVE STATISTICAL MODEL FOR CALCULATING INSURANCE PREMIUM FOR THE MASSIVE GROUP INSURANCE
We now propose a statistical model, for illustrative purposes only1, that may allow some initial estimates for the insurance premium for the MGI which will be applicable for a specific drug. This will better illuminate the conceptual basis for the insurance model. To tackle the calculation of this premium, the first step is to estimate an equation, using global data.
Suppose there are five age brackets. We propose to regress the number of new cases for some orphan disease δ for each age bracket in country i in year t against the ethnic composition for the same age bracket for each gender, plus any other known variables that may affect incidence. The sum of new cases for each country can then be derived. This can then be added to the number of existing cases. Thus we will have the total number of cases Ciδ for each country.
Assuming that a percentage of [image: image] of all cases could benefit from the use of a drug, which enjoys a market share of [image: image]. Ignoring loading cost for simplicity, the total standard premium for country [image: image] to cover the drug with market share [image: image] would then be equal to the country’s share of administrative cost of MGI plus:
[image: image]
The total premiums collected by the MGIA will be equal to the sum of premiums across all subscribing countries. All these proceeds net of the cost of MGI administration would be paid to the developer of the drug. The MGIA will need to satisfy the condition that the compensation under the new insurance and financing model will result in a present value of income stream that is bigger than the present value of income stream under the status quo as indicated in equation (EMA, 2020).
Having worked out the standard IPR fee, the actual premiums to be paid by each country will be worked out by considering its per capita income relative to median per capita income among subscribing countries. This will be based on a factor [image: image] which will be bigger than or smaller than unity depending on the per capita income relative to median per capita income among the participating countries. Obviously, the implicit redistribution from rich to poor countries is subject to political considerations that reflect the willingness of the rich countries to help the poor countries as well as domestic politics. Thus our proposed framework offers a channel for redistribution from rich to poor countries that will enhance participation and thus expanding the market for drug developers.
It is up to each country to figure out how to raise the money for the insurance premium. If a subscribing country has a universal health insurance scheme in place, the national insurance scheme will still have to pay the insured price of the drug, which is the cost excluding IPR cost. Given that the insured price is much lowered, the risk of collapse of the healthcare system is much alleviated. In the absence of traditional national health insurance but with a subscription to MGI, patients or their private insurers will pay for the drug at the MGI-insured price.
SUMMARY AND KEY ADVANTAGES OF THE PROPOSED INSURANCE AND BUSINESS MODEL
Although enactment of legislations including the Orphan Drug Act (United States, 1983) and the EU Orphan Medicinal Products Regulation has allowed R&D incentives for orphan drugs (Hughes-Wilson et al., 2012), a balance between the profits that industry expects and the cost of health services the public can bear should be sought. Price negotiation is warranted to deal with the distorted free-market competition at country level (Luzzatto et al., 2018).
We acknowledge that in principle the drug price should provide sufficient incentive for R&D. However, there can be no ex ante estimate of how much a new drug yet to be developed is going to cost. Therefore in this paper we avoid the problem by focusing only on drugs already developed and approved by the authorities. We argue that as long as the income stream going to the IPR holder under our proposed scheme beats what can be expected under the traditional business model, it will produce a win-win situation. The proposed financing model directly lowers the drug price in all the countries that have subscribed to the MGI. Because all prescriptions have to be filled by an authorized pharmacist for an authenticated patient, there will be no worry for parallel trade. Given the potential for greater profit after development and approval made possible by MGI, drug developers of should also be incentivized by the proposed mechanism. All in all, thanks to a new technology, there is much promise for greater accessibility of the presently very expensive drugs that can relieve the pains and financial burdens of potentially millions of patients and their families.
Whereas data collected using blockchain is completely secure, a centralized open database is subject to serious risks, especially when a lot of money is involved in IPR fee payments. The most serious risks are data leaks and data loss. Over the years, multiple incidents of hacking have occurred, and even companies like Facebook, Yahoo, and Equifax, which are supposed to know how to protect their data, were not spared. Moreover, unlike decentralized encrypted data such as those secured by blockchain technology, a centralized open database is stored up at fixed locations, as a result the chances of data loss cannot be eliminated (Morillo, 2019). In contrast, it has been shown by Haleem et al. (2021) that:
• The distributed blockchain platform offers the health sector opportunities to trace fraud, reduce overhead costs, reliably manufacture jobs, eliminate duplication of labour, enforce openness in the health environment.
• It offers “immutability and confidence, and decentralization.” “Blockchain technology will generate a hash for individual blocks of patient health records. Blockchain system would also encourage patients to show their required data to third parties while keeping their identity confidential.”
• By boosting medical professionals’ and researchers’ reliability, auditability, and accountability, blockchains will strengthen trust in clinical trials, enhancing benefits for patients over the long run.
• “Many drug makers want to record the findings that will provide their businesses with such advantages. Thus, researchers use blockchain technology to make clinical studies fairer and more straightforward. It will help record clinical trials that are secure, uneven, and straightforward.”
The authors concluded that despite initial difficulties due to lack of expertise, “blockchain technology is core to validating transactions and transfers of information” (Haleem et al., 2021, p. 137).
The launch of the Global Trust over IP (Internet Protocol) Foundation is a sign of maturation of digital identity verification and transaction authentication. Established in 2020 with 29 other founding member organizations from across the world, the project hosted by the Linux Foundation aims to enable the trustworthy exchange and verification of data between any two parties on the Internet based on a robust, common standard that gives people and businesses the confidence that data are coming from a trusted source (Wallen, 2020).
Our proposed insurance mechanism rewards the patent holder not through price mark-up, but through a brand-new IPR fee, which is paid to the drug company by an MGIA. Because the premiums are charged to governments and involve cross subsidies from rich to poor countries, the incentive to subscribe among poor countries will be greatly enhanced. This will greatly improve accessibility. Production will then benefit from economies of scale.
Our proposed mechanism is consistent with the mission of the World Intellectual Property Organization (WIPO). In May 2020, the WIPO launched WIPO PROOF, which provides electronic signed certification to prove the existence of a digital file at a specific date and time. Electronic certification allows dramatic reduction in the risk of challenges to trademark registrations, and by the same token, the ownership of intellectual property rights (Rose, 2020).
The use of the proposed financing model is not just restricted to orphan drugs. There is also the potential to extend to other expensive drugs and even vaccines. Because patent holders’ interests are protected with IPR fees collected from the MGIA, the drug company can license other drug manufacturers to produce large quantities with the necessary quality control. This advantage is particularly pronounced when there is a need to produce a vaccine or a drug in large quantities in a short time. Wouters et al. (2021) reminded us both of the need of timely production in sufficient quantities, and also the need to search for a mechanism “to ensure the affordability and sustainable financing” of the vaccines.
It may be worth pointing out that the proposed insurance scheme in a way resembles yet differs from the common practice of international price discrimination (Danzon, 1997) by many pharmaceutical companies (i.e., a same drug is sold at different prices in different countries).
First, the prices of the covered drugs will be lower in countries that subscribe to the MGI and higher elsewhere, and MGI premiums are higher in rich countries and lower in poor countries. Drug companies collect the IPR fees from the MGIA, but not from the markups on production cost. Unlike the markups in the commercial world practicing price discrimination which reflect differences in purchasing power as well as the bargaining power of different countries to negotiate deals with the drug companies, our proposed scheme streamlines the pricing model that is much fairer and over time produces a huge incentive for every country to participate. The differences in the per capita MGI premium from country to country reflect a meticulous and systematic consideration of factors that go into the formula for calculation which applies across the world.
Second, unlike in the current market mechanism, under which many patients cannot afford the needed drugs for lack of means or lack of insurance, with the MGI insurance premium paid through government funds all eligible patients in the subscribing country would benefit from lower prices.
Third, under international price discrimination, the possibility of parallel imports for drugs may greatly affect the profits of a pharmaceutical company (Maskus, 2001). Pharmaceutical companies may choose not to sell a drug in low-income countries to reduce these possibilities. However, in our proposed scheme, thanks to the blockchain technology, drug prescriptions will be traceable to ensure that they are prescribed by specific authorized physicians for specific patients’ personal use, which ensures that resale for profit is not possible. Over the long run, in a world where the prescriptions of all authorized medical practitioners need authentication, the intellectual property rights of drug companies will be much better protected.
Finally, the interactions among the different stakeholders using blockchain technology generate big data that will benefit the R&D for drugs and the further improvement of health policy (left panel in Figure 2).
The Massive Group Insurance Agency (MGIA) model is implemented using a blockchain system congruent with patient care, drug development and clinical research. Payment to the IPR owners are recorded using a payment system (Green area) whereas clinical data (Orange area) generated during patient care can be recorded using a health record system which serves similar purposes as a registry used in clinical research. The MGIA receives premiums at the country level from governments (Blue area) with all citizens covered under the group insurance principle. Patients or their insurers will pay drug price, net of IPR fee, to the licensed manufacturers of the drug.
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FOOTNOTES
1A formal model to predict the incidence of a rare disease would deserve a full original research paper.
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