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Annex
Executive Summary

History shows that a major part of universal medical knowledge we have gained over centuries, started with ‘rare (or orphan) disease research’. However, under normal market conditions developing thera​pies for such rare diseases (so-called orphan drugs) is very often virtually impossible, as the cost of bringing them to the market would not be compen​sated by the expected sales. The EU legislative framework to provide incentives to develop orphan medici​nal products was approved in 1999. With this, the EU followed the US Orphan Drug Act (1983). Various gaps in knowledge and research related to the development of treatment for rare disease can be identified.1 There is still a great need for a basic molecular understanding of the disease and identification of possible pharmacological targets in many of the rare mono- and polygenic disorders.2 Although genomic and proteomic technologies provide useful clues for both diagnosis and treatment of rare diseases there is a serious gap in clinical eva​lu​ation.3 Also long-term epidemiology data on both drug safety and effectiveness and disease course are lacking.

· To fill the gaps in our knowledge of rare diseases more public funding is needed, both at national and at international level.

· For many rare diseases, the first gap for pharmacological interventions that has to be filled is performing fundamental research to find the therapeutic targets. Due to the rarity of the patients with a specific disease it is recommended to fund research with public money. EU Framework programmes may be a very good instrument for funding this research, provided that the appropriate tools for research in rare diseases are defined.

· For several (groups of) rare diseases fundamental research has been done, but the next step into translational research is too difficult. For these cases a funding programme like the Office of Orphan Products Development (OOPD) Grant Program in the USA could stimulate this research and co-operations between universities and pharmaceutical industry. Also public-private partnerships may be beneficial for these steps in pharmaceutical research. 

Introduction

Rare diseases are a complex and heterogeneous mosaic of an estimated 5000-8000 conditions. For many of these diseases no appropriate medical interventions or care exist. A rare disease is, according to the European definition, a life-threatening or chronically debilitating condition from which not more than five affected persons per ten thousand citizens in the European Community suffer. In other regions, a somewhat different definition is used, e.g. in the USA a disease is called rare when less than 200,000 inhabitants suffer from this disease. It is estimated that about 30 million Europeans in 25 EU-countries and 25 million Americans have a rare disease. 

Orphan diseases comprise rare diseases and "neglected diseases". In the first group of diseases, the condition is too rare to represent a profitable market. In the second group of diseases, the condition is prevalent in developing countries, but the countries are too poor to pay drug prices that render the new drug profitable for the patent-holding manufacturer.4 In this background chapter we only focus on the group of rare diseases. The neglected diseases are discussed in Chapter 6.9. 

In the last decades, the notion has evolved that patients suffering from rare conditions should be entitled to the same quality of treatment as other patients with more frequently occurring disorders (Regulation EC 141/2000; preamble 7, article 3.1b).5 Therefore, more attention has been paid worldwide to stimulate the research, development and bringing to the market of orphan medicinal products by the pharmaceutical industry. "Orphan" drugs are medicinal products intended for the diagnosis, prevention or treatment of rare disorders.

An Orphan Drug Act came into law in 1983 in the USA.6 Several years later, several other countries adopted new regulations on orphan drugs, including the EU in 1999. In EU Regulation No 147/2000, incentives have been provided for research, development and market approval of designated orphan medicinal products.5 For example, a 10 year market exclusivity has been provided after granting of marketing authorisation. In addition, protocol assistance, fee reductions, and use of the EU centralised procedure for market authorisation of orphan medicinal products are also included. Moreover, the individual EU member states should make their own incentives to support research into, and the development and availability of orphan medicinal products.

In this chapter, we will explain the need for additional initiatives to develop pharmacological interventions for the unmet medical needs of patients with a rare disease. Despite the growing public awareness of rare diseases in the last one or two decades, there are still many gaps in knowledge related to the development of treatment for rare diseases. Policymakers have to realise that rare diseases are a crucial health issue for about 30 million people in the EU.
What Is the Size and Nature of Disease Burden?

Patients with a rare disease may suffer significantly from many complaints over a long period of time and may have a low quality of life. Unfortunately there are not many epidemiological data and data on the burden of disease recorded for rare diseases due to several factors. Examples of rare diseases are discussed to give an impression of the burden of disease for patients. Factors like lack of information, lack of knowledge on natural history, lack of (early) diagnosis, lack of appropriate medical care, absence of pharmacological interventions or under-use of medication will have an important impact on the burden of many rare diseases in future. 

Epidemiological data

Rare diseases are life-threatening or chronically debilitating conditions, according to the European definition. The number of rare diseases is estimated to be 5,000 to 8,000 diseases. An estimated 80% of these diseases have a genetic origin, being either monogenic or polygenic. The other rare diseases may be rare infectious diseases, auto-immune diseases or rare poisonings. Thirty percent of the symptoms of rare diseases originally present themselves in children.
In Europe, the number of patients suffering from all sorts of rare diseases is estimated to be 30 million. Six to eight percent of the total population has a rare disease.7 The epidemiological data that are available are inadequate for most of the rare diseases to give firm details on the number of patients with a specific rare disease. In general, people with a rare disease are not registered in databases. One of the reasons for this is that the International Classification of Diseases (ICD) code in practice is not convenient for specific rare diseases. For example a specific ICD number is present for the more known rare diseases such as thalassaemia, cystic fibrosis, haemophilia, and amyotrophic lateral sclerosis. Other rare disorders are summed up as ‘other endocrine and metabolic disorders’. As a consequence, it is difficult to register people with a rare disease on a national or international basis and in a reliable, harmonised way.

A second reason for the lack of reliable epidemiological data is the absence of appropriate biochemical diagnostic facilities. Furthermore, many disorders do not present at birth but in the first one or two years of life, at juvenile age or in adulthood. Thus, studies that include follow-up from birth are needed to assess their true prevalence.8
For some specific rare diseases data are available at regional, national and/or international level. In a small country as the Netherlands, e.g. the number of patients with several rare cancers is known due to the nationwide Dutch network and registry of histo- and cytopathology (PALGA).9 Furthermore, it is known in the Netherlands that there are about 1500 haemophilia patients, between 100 and 150 Gaucher patients and four patients with aspartylglucosaminuria.10-12 In these cases, hospitals, patient groups or pharmaceutical companies gathered these data themselves. However, these databanks are not always in harmony with each other and usually do not use the same codes. Consequently it is extremely difficult to get reliable epidemiological data on rare diseases.13 This lack of registration has been reported in several Western European countries and might be even worse in developing countries. 

Burden of disease

For most rare diseases, a quantitative measure of the burden of disease is lacking to our knowledge. One of the reasons for this is that investigators in public health have more interest in frequently occurring diseases than for rare diseases. This is nicely illustrated in the present report with regard to cystic fibrosis and Crohn’s disease, examples of the most prevalent rare diseases. In Background Chapter 5 of this report, it is indicated that the WHO has not quantified the DALY burden for these conditions. Therefore the burden was taken from the classification as “other digestive” for Crohn’s disease and “other musculoskeletal” conditions for cystic fibrosis. Both diseases show a rather high global DALY burden in comparison to other diseases like several cancers and hypertension (see Figures 5.12 and 5.13 for more details). Furthermore, cystic fibrosis is ranked in the Oregon priority list at number 23 (see Background Chapter 3). These examples show that the currently used indicators as QALY (quality adjusted life years) or DALY are not useful for decision-making of severe conditions, like rare diseases. The issue of rare diseases and orphan drugs is beginning to demand a greater place in health rationing and decision-making as healthcare continues to cover far more varied and diverse programs.14
Despite the lack of quantitative data for the burden of disease, it is generally known that people with a rare disease may suffer significantly.15-17 Rare diseases caused by genetic changes at a single genetic location are responsible for a heavy loss of life.15 For some monogenetic rare diseases not only the burden for the patients themselves but also the burden for the society in a specific area is significant, like thalassemia and sickle cell anaemia.15 
A recent retrospective study showed that the incidence of inborn errors of metabolism was 1:6,200 in newborn babies in Italy.16 Of surviving patients, 11% reached adulthood by the end of the study. Their conclusion is that inborn errors of metabolism constitute a highly heterogeneous category of rare diseases, representing a relevant cause of morbidity and mortality in childhood. Also childhood cancers are rare diseases with potentially dramatic outcome. In European countries, 1 out of 500 children is estimated to be diagnosed with cancer before the age of 15.17

Examples of rare diseases18

Several rare diseases are actually known to the general public. Examples of more known rare diseases are cystic fibrosis, sarcoidosis, haemophilia, phenylketonuria (PKU) and severe acute respiratory syndrome (SARS). Examples of general unknown disorders are e.g. primary ciliary dyskinesia, Darier disease, erythropoietic protoporphyria, Smith-Lemli-Opitz syndrome, Usher syndrome and alkaptonuria.
Sometimes, rare diseases are especially frequent within a region or within a specific ethnic group. For example thalassaemia is rare in Northern Europe and more frequent in the Mediterranean area. Gaucher disease is more frequent within the Ashkenazi Jewish population (with a carrier frequency of 1:13). 
Diseases may be called rare in a specific area (e.g. Western Europe) whereas it is not rare in other areas of the world. Examples of these diseases are infectious diseases like tuberculosis and malaria.
Rare diseases can also migrate from one part to another part of the world. For example haemoglobinopathies like thalassemia and sickle cell anaemia, but also tuberculosis, are migrating through Europe. 
Examples of groups of rare diseases are e.g. neuromuscular diseases, inborn errors of metabolism (like lysosomal storage disorders, peroxisomal disorders and mitochondrial disorders), several chromosomal disorders, rare forms of cancer, etc. 
It is easy to give more examples of rare diseases with a significant burden of disease for which hardly any therapy exist.19-21 Usher syndrome, e.g. is defined as a genetically heterogeneous condition comprising 12 independent loci with nine known genes and at least three clinical entities. They all are associated with retinitis pigmentosa (progressive blindness) and deafness with varying age of onset. Usher syndrome shows a prevalence of 3-4 per 100,000 in European based populations. No treatment is available for the retinitis pigmentosa. For patients with a specific clinical form of Usher syndrome cochlear implant may be beneficial.19

A second example is Progeria. This disorder is characterized by premature aging of postnatal onset. The syndrome may mimic certain aspects of the aging process. The main clinical and radiological features include alopecia (hair loss), thin skin, loss of subcutaneous fat and osteolysis. Intelligence is not impaired. Early death is caused by atherosclerosis. No effective therapy is currently available to cure the disease. Symptomatic treatment is proposed for its complications.20 

A third example is amyotrophic lateral sclerosis (ALS). This is a neurodegenerative disease causing a progressive loss of motor neurons. The disease prevalence is 5-9 per 100,000. Age at disease onset varies widely, but peak incidence is between 40 and 60 years. The disease is relentlessly progressive with increasing disability and handicap and leads generally to death resulting from respiratory failure in approximately 3-5 years. The diagnosis is mainly clinical. ALS is an incurable disease. Riluzole is the only medication with a very modest effect on disease progression and was shown to increase survival by 3 months21.

Likely future factors that have an impact on burden of disease

There are many factors that currently have an impact on the burden of disease and will likely also have an impact in future. 

Lack of knowledge and training 

About 1300 rare diseases are medically well described. All other rare diseases do not have an appropriate medical description. Medical doctors are not trained in rare diseases and lack experience. General practitioners and medical doctors do not know and can not be expected to know the symptoms of the many rare disorders.22 However, they need to develop a sense of urgency that the specific patient with the unfamiliar symptoms and complaints should be referred to a specialist. 

Lack of information

Dissemination of information is a key issue in the field of rare diseases. Without information diagnosis and treatment cannot be improved, research will not continue, the patients are not empowered and there is no right usage of clinical resources. The lack of information was an important reason for the development of the EU community action programme on rare diseases (1999-2003).
Diagnosis

Important factors that contribute to the burden of disease of rare disorders are issues on diagnosis. For several genetic diseases the diagnosis can be made via enzymological methods or molecular biology tools. However, for many of these diseases no diagnostic tools exist due to a lack of research on the cause of these diseases. In these cases the diagnosis may be only clinical. Ancillary investigations are then used to exclude other diseases. 

The absence of a diagnosis or late diagnosis may lead to an unnecessary deterioration of the patient’s condition. The time period between the first symptoms of a patient and the final diagnosis varies enormously. In a study, in which 44 Dutch patient associations representing at least 600 rare diseases filled in a questionnaire, it appeared that the diagnosis of the diseases was made in 27% of the cases within 3 months. This time period was partly due to the fact that babies died very soon after they were born. In 38% of the cases diagnosis took more than 2 years. A medical specialist in 70% of the cases made the diagnosis.23 In another study of the Genetic Interest Group (UK) representing 600 families with a genetic rare disease it was indicated that 75% of the diagnoses took on average 6 months. In 30% of the cases diagnosis took more than 2 years and in 15% more than 6 years.23 It was mentioned that the diagnosis of a patient with neurofibromatosis even took 15 years.24 In a Danish study with 100 patients with a specific form of neurofibromatosis (also called Von Recklinghausen disease) it appeared that the diagnosis took on average 20 years(!).25 Although Von Recklinghausen disease is characterized by a very wide variability of its clinical expression, a doctor well acquainted with the disease can diagnose the majority of patients after physical examination. The wide variation of the clinical expression, the tumour risks and the totally unpredictable evolution of the disease require regular monitoring of NF1 patients. Therefore early diagnosis is important.

In a study from EURORDIS (EurordisCare®) several aspects concerning diagnosis were compared for six rare diseases in seventeen European countries.26 Screening methods (prenatal and preimplantation), delay between disease presentation and confirmative diagnosis and availability of diagnosis centres for Crohn’s disease, cystic fibrosis, Duchenne muscular dystrophy, Marfan syndrome, Prader Willi syndrome and tuberous sclerosis were considered. A North-south gradient was seen revealing a higher density of screening centres in southern Europe. Significant delays between initial symptoms and confirmative diagnosis were noted. These delays vary from one disease to another but also from one country to another. For example the diagnosis for Prader-Willi syndrome was much more rapid in Austria (within weeks) than in France (from some weeks up to 10 years). 

The main problems underlying such a late diagnosis are due to ignorance of the physician, absence of centres of expertise, unavailability of techniques for diagnosis and/or no insight in the natural history of the disease. 

Recently a high-level, independent Expert Group, which had been invited by the European commission to discuss a number of issues relating to human medical genetic testing has recommended among others that an EU-wide network for diagnostic testing of rare genetic diseases be created and financially supported as a matter of urgency. Furthermore they recommend that an EU-level incentive system for the systematic development of genetic tests for rare diseases be created and that EU member states introduce universal neonatal screening as a priority for rare but serious diseases for which treatment is available.27
The effects of (early) diagnosis are nicely illustrated with the rare disease PKU. Classical phenylketonuria (PKU) is an inherited metabolic disease that is characterized by an inability of the body to utilize the essential amino acid, phenylalanine. This is due to a deficiency of the enzyme phenylalanine hydroxylase. This enzyme normally converts phenylalanine to another amino acid tyrosine. Without this enzyme, phenylalanine and other biochemical products accumulate in the blood and body tissues. Through a mechanism that is not well understood, the excess phenylalanine is toxic to the central nervous system. This results in mental retardation and other neurological problems when treatment is not started within the first few weeks of life. When a very strict diet is begun early and is well-maintained, affected children can expect normal development and a normal life span.18 Because of the very positive outcome when children are treated early and well, newborn screening for PKU is carried out in most developed countries. The incidence of PKU in Europe is about 1 in 12,000. Prevention of the burden of disease of this disease has been seen as being that important that PKU has been included in screening programs of several countries to be sure that early diagnosis can lead to early intervention.18, 28 

Natural history of the disease 

Due to a lack of registration of rare diseases there are not many reports on natural history of rare diseases. The studies that are available mainly concern diseases for which a treatment is available or is being developed (for example for Gaucher disease, Pompe disease, ALS and PKU).29-33 The absence of knowledge on the natural course of a disease makes it difficult for diagnosis, especially when no diagnostic tools are available and diagnosis has to be made clinically. Furthermore, knowledge of the natural course of the disease can help to design valuable endpoints in clinical trials.

Pharmaceutical gap: No treatment

Another important factor that contributes to the burden of disease is the fact that most of the rare diseases do not have appropriate treatments. In 60% of the cases, some decrease of symptoms is possible by giving a symptomatic treatment like orthopaedic surgery, removal of spleen, etc. Symptomatic pharmacological intervention may include analgesics and muscle relaxation drugs. However, these pharmacological treatments do not influence the cause of the disease and may even give side-effects.

Exceptions are those diseases to which attention has been paid by pharmaceutical manufacturers in collaboration with fundamental researchers and clinicians. For example, in the last 10 years enzyme supplementation therapy has become available (Gaucher disease, Mucopolysaccharidosis I, Fabry disease) or will be available soon for some lysosomal disorders.34 However, the development of enzyme supplementation therapy in the case of Pompe disease shows that it requires substantial perseverance from patients and their organisations, from biochemists and clinicians and from pharmaceutical companies to get an effective therapy.35 Furthermore, long-term data on safety and effectiveness are lacking due to the short time period that treatment is possible for these lysosomal storage diseases.

Patients with a lysosomal disorder who do have a treatment, benefit from the Orphan Drug Regulations in the USA, EU and other countries. The main reason that the pharmaceutical industry pays little attention to rare disorders is the small market for a specific rare disorder. The development of a medicinal product in general is a difficult and expensive process. Knowledge on the cause of the disease, the targets for treatment and centres to perform clinical trials have to be acquired. It is not surprising that the cost-benefit ratio for development and marketing of a medicinal product is unattractive to the pharmaceutical industry, despite the medical needs of the patients with a rare disorder. 

The Orphan Drug Regulations aim to encourage the pharmaceutical industry to develop therapies for rare disorders. For some groups of rare disorders this has been a success (see later). However, the main part of rare diseases does still not benefit and no pharmacological interventions are present. This is the reason that there are no Cochrane Reviews for many rare diseases. The absence of treatment for many rare disorders is a clear pharmacological gap.
Under-use of medication

An important problem is that patients are not treated despite there being a therapy. This can be due to ignorance of the physician and could be solved by disseminating more information on the treatment and the disease. However, the costs of orphan drugs are another important factor for under-use. Orphan drugs can be expensive. Therefore it is not possible in every country to afford treatment with orphan drugs. A survey in 15 EU Member states has shown that the availability and pricing is clearly different in these countries.36, 37 There is no harmonisation in access between European health-care systems.

Orphan drugs in developing countries should get special attention, as distribution of safe and efficacious drugs in these countries is a problem. When the costs of orphan drugs are the same in developed and developing countries it will be impossible in developing countries to afford these therapies. Some pharmaceutical companies have programs to face these problems (e.g. programme with commitment to treatment of Gaucher patients worldwide).38
Medical care

Bottlenecks in care for rare diseases have been mentioned as an important burden in daily life. A study by the Dutch Research Institute Nivel showed that the quality of life of patients with a rare chronic disease was worse in comparison to more prevalent chronic disorders, both at physical and psychosocial level.23 In this study, questionnaires to 206 patients (representing 72 rare diseases) from an existing panel of 2500 chronically ill patients were analysed. People with a rare chronic disorder experience more problems in care and daily life than people with more common chronic disorders like cardiovascular diseases, respiratory diseases (like asthma and COPD) and diabetes. Furthermore problems on a social level and in personal life, like living, work and finances were noticed. Forty five percent had complaints of gloominess, tenseness or anxiety. These complaints are global, independent of the specific rare disease. This may be caused by the fact that the patient has a rare (and to caretakers unknown) disorder that may result in late diagnosis, lack of understanding and inadequate care. Almost 25% would like to have emotional support, e.g. from physicians, psychosocial workers or through contacts with fellow-sufferers. Patients with a rare disorder also use more medical care.23, 39
It is expected that the need for care will be even much higher in some other countries in the world. Improving the infrastructure for medical and psychosocial care for rare diseases could diminish the burden of disease for many patients significantly. This would be especially beneficial for those patients for whom treatment is not present or will be expected in short term. 

What Is the Control Strategy? 

The control strategy for rare diseases may differ significantly, depending on the nature of the disease (genetic or non-genetic), the knowledge obtained for a specific disease and the availability of treatment. The Orphan Drug Regulations in several regions have given a significant stimulus to the development of therapies for several rare diseases. Unfortunately the access of patients to the pharmaceutical interventions is unequal, even within the EU. Furthermore, additional measures are needed for all those rare diseases about which knowledge is lacking. 

Disease management
Disease management of rare diseases can be divided as follows.

For several (mono)genetic rare diseases prenatal and/or neonatal screening is possible.40 Prenatal screening is performed in clinical genetic centres or in other referral centres in many cases. The result of a prenatal screening test may ultimately lead to an abortion. Newborns are screened for certain metabolic defects in many countries. In this way early diagnosis of the defect can lead to early intervention, e.g. for PKU.

In some ethnic groups (monogenetic) rare diseases are more frequent. This may also be caused by consanguineous marriages. Voluntary carrier screening programs for several rare disorders may be offered for couples to be informed as to whether they have a chance of getting an affected baby with a rare disease. Although prenatal and neonatal screening of rare inherited disorders is very important as a control strategy, several of those disorders do not present until the first one or two years of life (e.g. haemoglobin disorders, cystic fibrosis, lysosomal storage disorders). Thus studies that include follow-up from birth are needed to diagnose these diseases at an early stage to be able to prevent as much burden of disease as possible.8

For several specific diseases, like haemophila, Gaucher disease and Pompe disease. there are centres of expertise in several regions in the world. where the natural course of a rare disease may be followed, medical care may be improved, medication may be adjusted, possibilities of cost-effective treatment may be investigated and data may be collected. Several centres of expertise may have contacts all over Europe (and outside Europe) to discuss their data on a specific disease. Unfortunately for many rare diseases these centres are not present. This may be due to shortage of financial resources or lack of interest from researchers and/or clinicians. In some EU countries there are also national or regional centres who have specialised in cure and/or care for rare diseases in general, e.g. the Clinical Research Center for Rare Diseases ‘Aldo e Cele Daccò’ in Italy, the Center for Små Handicapgrupper in Denmark, Frambu in Norway and the Ågrenska Centre for Rare Disorders in Sweden.41-44 In the USA eight rare diseases clinical research networks were established recently.45  

Information to patients and physicians is still a crucial issue in rare disease management. Basic knowledge about diseases, list of available drugs, lists of specialists or consultants specialised in a given disease, are still not widely available in the world. However, the information in EU and USA is growing due to several organisations, like NORD, FDA, EMEA, ORPHANET and EURORDIS. Some of these efforts have been paid for via the European Framework programmes and the Community Action on rare diseases (see pages 20-23).

Orphan Drug Regulations

The Orphan Drug Regulations were set up to create procedures for designation of orphan medicinal products and to provide incentives to attract investment in Research & Development and marketing for designated Orphan Medicinal Products.

Incentives

The American Orphan Drug Act (ODA) was the first orphan drug regulation and came into force in 1983.6 An important incentive of the ODA for the pharmaceutical industry is the market exclusivity of seven years for products with an orphan designation that have got a market authorisation. The status of orphan designation qualifies the sponsor of the product for a credit against tax, up to 50 percent, of certain clinical testing expenses related to the use of a drug for a rare disease or condition and for protocol assistance (see Table 7.5.1). 
Other regions have followed this policy for rare diseases and developed orphan drug regulations themselves: Singapore, Japan in 1993, Australia in 1998 and also the EU (1999).46 Each Orphan Drug Regulation has its own characteristics, both in criteria of a rare disease and in the incentives (see Table 7.5.1). 
Also Taiwan made a draft Orphan Drug Act in 1999 that became implemented in 2000 and is called ‘The Rare Disorder Prevention/Treatment and Pharmaceutical Law’.53 The first edition of the “Taiwan Orphan Drug Formulary” was published in December 2003 and includes 74 items of drugs.53 

Successes in USA

In general, the ODA incentives have contributed significantly to pharmaceutical interventions for rare diseases in the USA. In 2002 (after 20 years of experience) almost 1100 products had an orphan drug designation and their manufacturers could make use of the ODA incentives. More than 231 of these products came to the market. It was estimated that 11 million people in the US benefit from the registration of these orphan products and even more patients worldwide. In contrast, in the decade prior to 1983 fewer than ten such products came to market.1
The group of orphan drugs that came to the market between 1983 and 2002 in the USA included medicinal products that were already known and became registered for new indications e.g. arsenic trioxide for acute promyelocytic leukaemia and somatotropin for treatment of adults with a growth hormone deficiency. Another group of orphan drugs included recombinant DNA-products and bioactive molecules like enzymes and antibodies (imiglucerase for Gaucher disease and alemtuzumab for chronic lymphocyte leukaemia). 

About 20% of the orphan products were new biotechnological products. Small biotechnological enterprises found a niche market in orphan drugs. Many biotech companies rely on orphan drug market exclusivity: a large number of biotechnology firms have been established as a result of the U.S. Orphan Drug Act.1 

Of all biopharmaceuticals approved in the USA by FDA between 1995-2000, 46% were orphan medicines.54 This niche market of rare diseases was a source for employment and economic activity in the USA. 

Successes in other regions

Successes were also reported in the other regions with orphan medicinal regulations. 

Japan. In Japan, 113 drugs were designated as orphan drugs for 107 diseases and 43 were approved between October 1993 and March 1999. Thirty eight percent of the designated orphan entities were biological in origin. In Japan 32% of the orphan medicinal products were already approved in other countries when they were designated as orphan drugs in Japan. Ten drugs were developed for the first time in Japan. In contrast to the USA already established (large) pharmaceutical companies developed orphan drugs in Japan.55

Australia. In Australia 42 products were designated as orphan drugs and 17 of them got a market authorisation in the period between January 1998 and August 2001.50 

EU. In the first four years (spring 2000 - spring 2004) of the EU Orphan Drug Regulation over 300 applications were submitted and resulted in about 200 positive opinions of the Committee on Orphan Medicinal Products of the European Medicine Evaluation Board (COMP/EMEA).56 This resulted in 15 market authorizations with three pending. It was indicated that in 2003 33% of the more than 150 orphan designations were purely biotech products.57 Several orphan medicinal products in the EU have been granted a market authorisation under exceptional circumstances, which means that there has to be a regular follow-up from the pharmaceutical company on the safety and efficacy of the product.37 

Criticisms

Despite the successes of the Orphan Drug Regulations there has been critics. One important criticism is the unequal access for patients in the EU to the European registered orphan medicinal products.36, 37 Although the registration of these products is centralized in the EU, the reimbursement has to take place in each individual member state. Due to the different procedures for pricing and reimbursement, the different public health priorities and the different budget allocation decisions with different time frames access is not similar in the EU. Furthermore, when available, there are also different mechanisms for compassionate access to drugs. In general the costs of orphan medicinal drugs are high and the EU members states have a weak position to negotiate the prices in the absence of competition. Canada has anticipated the access problems and did not develop an Orphan Drug Regulation itself but introduced a special programme to facilitate the access of orphan products (see Table 7.5.1).

Another criticism is that the authorities in the USA (FDA) and EU (EMEA) do not always come to the same conclusion concerning the safety and efficacy of the same orphan medicinal product. For example Replagal® for Fabry’s disease has been given market authorization in the EU but not in the USA. On the other hand Serostim® for treating AIDS-wasting received market authorization in the USA, but not in the EU.56, 58 The ICH (International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use) is a joint initiative involving both the regulatory bodies and research-based pharmaceutical industry associations in the US, EU and Japan that aims to increase international harmonisation of technical requirements to ensure that safe, effective and high-quality medicines are developed and registered in the most efficient and cost-effective manner.59 Despite this initiative the harmonisation for orphan drugs is not fully present at this moment. 

Another point for improvement is that an orphan medicinal product that has market authorization in one region has to go through all phases of market authorization again in another region. The EU Orphan Drug Regulation does not foresee reciprocal recognition of orphan drug status granted in other regions. Approximately half of the FDA approved orphan medicinal products are not available to all patients in the EU. The same holds for approved medicinal products in Japan.

The industry has suggested that the EU could play a leading role in harmonizing regulations, particularly in the pre-imbursement phase to ensure patient access and to stimulate incentives at national level.57 Recently the Emerging Biopharmaceutical Enterprises (EBE) even indicated that the orphan process might be even too tough to navigate, especially for small and medium-sized enterprises (SME’s).60 Smaller biotech companies often do not have the resources to investigate and negotiate the process and that they are under strong pressure from investors to get products to the market. They experience a lack of clear, written guidelines for the process of orphan drug designation, measurements for ‘significant benefit’, etc. The EMEA has taken up this point of criticism by developing written guidelines.37 EMEA on the other hand has indicated that the industry could make more use of the assistance that EMEA offers during the process.    

Other people suggest that some manufacturers may misuse the orphan drug regulation by applying for an orphan indication for an already existing drug or by limiting indications to medically plausible subsets to fall within orphan drug regulation.2 Another issue is that more indications appear to benefit from the orphan drug and that the drug may become a blockbuster and the company therefore earns tremendous profits on such drug.2 

Also the creation of monopolies due to the market exclusivity is a criticism mentioned by some people, because companies that obtain orphan drug designations in the USA can use the exclusivity provisions to maintain market exclusivity even without a patent. The presence of a patent on the process of making the medicine or methods of use, can further add time to the market exclusivity.61
In conclusion, the Orphan Drug Regulations in several regions have certainly facilitated treatment of rare diseases and improved the quality of life of people with some rare diseases in the developed countries. The Orphan Drug Regulations have proven to be a strategy to attract the pharmaceutical industry, especially the small biotech industry, to find their niche in rare diseases. However, there are still a lot of hurdles to take before patients in developed and developing countries have equal access to the orphan medicinal products that have been produced. 
	Table 7.5.1: Orphan drug policies in different countries (Table 7 from Ref. 47 at al with revisions )

	
	United States6
	Japan48
	Canada49
	Australia50
	EU51,52

	Program established 
	1983 – Orphan Drug Act modified the Federal Food, Drug and Cosmetic Act
	1993 - Pharmaceutical Affairs Law amended
	1996- additional measures to ensure access to critical medical products
	1998 – developed in collaboration with USA FDA
	2000- Orphan Medicinal Products Regulation

	Prevalence criterion for rare disease
	Less than 200,000 patients in USA

(<7,5:10,000)
	Less than 50,000 patients in Japan (<4,1: 10,000)
	No legal definition of “rare”
	Less than 2000 patients in Australia

(<1,1:10,000)
	Life-threatening or chronically debilitating disorder that affects less than 5:10,000 in EU

	Requirements for designation
	Rare disease or R&D costs cannot be recovered in 7 years 
	Rare and serious disease; no other treatment available, must be a high health care priority
	Not applicable
	Rare disease or product is not commercially viable
	Rare disease, or product unlikely to be developed without incentives or new product will be of significant benefit

	Products eligible for orphan designation
	Drugs and biologicals (including vaccines and in vivo diagnostics)
	Drugs, biologicals and medical devices
	Not applicable
	Drugs, vaccines or in vivo diagnostic agents
	Drugs and biologicals (including vaccines and in vivo diagnostics)

	Market exclusivity
	7 years; prevents same product being approved for the same indication unless clinical superiority is shown
	Re-examination period extended from 4 to 10 years
	Based on standard patent protection
	None; second product with the same active ingredient will not be designated unless clinical superiority is shown
	10 years; can be reduced to 6 if orphan criteria no longer met

	Other benefits
	Regulatory fee waivers, 50% tax credit on clinical research after designation; grants for clinical research (pharma and academia eligible); protocol assistance; faster review if indication warrants; research grants for medical devices and medical food. 
	Application fee reduced (?); grants for clinical and non-clinical studies (only pharma eligible) up to 50% of yearly R&D costs available up to 3 years; 6% tax reductions for (pre) clinical research; protocol assistance on request; faster review if indication warrants.
	Regulatory fee reduction, Scientific Research and experimental development tax incentive program, grant programmes, priority review for important new products, special access programme for essential products, notice of compliance  
	Regulatory fee waivers; no grants, no tax credits, protocol assistance on request; priority review
	Regulatory fees can be reduced or waived, access to centralized procedure, protocol assistance. Individual Member States have to implement measures to stimulate the develop-ment of orphan medicinal products (Article 9 of Regulation51  


Considerations on the control strategy

Successful disease management can have unforeseen cost implications. Instead of dying in childhood, affected people survive into adult life. Chronic diseases will gradually become a problem of all ages. Society will have to cope with these new challenges. For example transitions in medical care have to be faced, like the transition from care from paediatricians in a children’s hospital who are familiar with a specific (rare) disease to care from internists who are not familiar with the disease from which children used to die at an early age. Also comorbidity will increase that may have far-reaching consequences for the quality of care and quality of life for those patients.
As new patients continue to be born, the number of cases requiring treatment, and the costs of treatment, rise cumulatively.8 The number of people in Europe with cystic fibrosis, phenylketonuria, and haemoglobin disorders has been projected as increasing up to fivefold over the next 50 years, if there is no prevention.62 It is estimated however that over 75% of severe congenital disorders can be treated or prevented, though a wide range of approaches and an appropriate health infrastructure are required.63 Some disorders can be prevented from arising in the first place by correcting their cause (primary prevention). Identifying individuals and couples at risk and providing genetic counselling by early detection and appropriate management can avoid other diseases. Prevention helps to contain the number of affected people, and so may permit communities to provide a standard of care for existing patients that would not otherwise be possible. About 30% of children born with a congenital or genetic disorder may be expected to die in infancy, and about 30%, mostly with genetic diseases, will suffer from chronic severe disability. A limited number of inherited disorders can be treated well enough that young patients can expect to live a ‘normal’ life: go to school, get work, marriage, and sometimes even get children. On the one hand this often involves lifelong, burdensome and expensive management. On the other hand, the patients that are successfully treated can go to work and earn their salary, pay their taxes, etc. In these cases medical and psychosocial care, and societal participation show a win-win situation. 

Effects of a control strategy: haemophilia as an example

Haemophilia is an example of a rare disease for which the control strategy in developed countries has had enormous effects on reduction of morbidity, burden of disease and prevention of mortality. 

Haemophilia is a X-linked inherited coagulation disorder due to a partial or total lack of an essential coagulation factor. Haemophilia A is the most common form, referred to as classical haemophilia, and is the result of a partially or complete deficiency of coagulation factor VIII; haemophilia B is caused by a deficiency in activity of Factor IX. It is a chronic disorder, characterised by internal bleedings in joints (ankle, knee, elbow, shoulder and hip), in muscles and soft tissue in males. Without treatment the bleedings causes malformation of the joints and chronic disability. The patients have a low quality of life and die in childhood or early adult life64. 
The disease appears worldwide and occurs in all racial groups. The prevalence is estimated as 1:12,000 and it has been suggested that 400,000 people suffer from haemophilia. Haemophilia A occurs about 6-fold more frequently than haemophilia B. About a third of the new diagnoses are without a previous family history. 
Diagnosis is carried out via blood tests in which the coagulation factor can be measured and mutation analyses can be performed. Carrier detection and prenatal diagnosis is possible, but not in all cases. Preimplantation diagnostics ((PIGD) gives the possibility to implant female embryos in the uterus of women who are carrier for haemophilia, circumventing the possibility of bringing birth to a patient.65 However, the ethical issues concerning prenatal diagnosis and PIGD has to be taken into account.66
Effective treatment for haemophilia has become available in the last forty years and consists of supplementation of the deficient coagulation factor via intravenous administration. In the first decades the coagulation factors were purified from human plasma. From the 1990’s recombinant (genetically engineered) factor VIII or IX was administered. When patients suffer severely from haemophilia they are treated by prophylactic infusions several times a week. The patients most often treat themselves at home or with help of a family member to prevent joint disease. Monitoring of treatment usually takes place in centres of expertise with a multidisciplinary approach. Advisory guidelines have been developed for appropriate treatment. In the past treatment of haemophilia has been involved with transmission of viral infections (hepatitis C, aids). Nowadays the coagulation factors are protected in such a way that transmission of hepatitis C or AIDS is not possible.67 
The next important step for curative treatment in the future is gene therapy. Early clinical studies are already in progress. 68, 69
One of the reasons that care and cure for haemophilia go in front in comparison to several other rare diseases is the presence of patient support groups in several countries collaborating very closely with medical advisors. 
Table 7.5.2 shows the improvement of morbidity and quality of life of Dutch haemophilia patients with severe symptoms before treatment. The life expectancy of haemophiliacs is almost normal. The total number and duration of hospital stays have decreased tremendously.
Children with haemophilia can go to normal schools nowadays, most jobs are open to them, and as grown-ups they can fully participate in society through employment, marriage and having children. 

Table 7.5.2. Haemophilia in The Netherlands 
(data from inventories in the period 1972-2002)67, 70
	Year of investigation
	1972
	1978
	1985
	1992
	2001

	Questionnaires sent (n)
	639
	1051
	1162
	1263
	1569

	Response (%)
	84
	70
	81
	78
	70

	Severe patients (N)

	159
	245
	384
	387
	420

	Usage coagulation factors 


· Prophylaxis (%) 

· Treatment at home (%)


	30

5
	40

30
	48

67
	59

77
	55

83

	Bleedings/year (n)
	25
	23
	17
	16
	12

	Admission into hospital (n)

Total days/patient  

Hospitalised (%)

· Mean stay (days/hospitalised patient)
	22

51

43
	15

40

37
	4

25

18
	3

22

10
	2

22

10


The control strategy for haemophilia is very successful. However, there are still several important issues to be solved. 
Only about 30% of the patients with haemophilia in the world are diagnosed and receive treatment. The majority of those people live in the more prosperous countries, where comprehensive haemophilia care is included in the national healthcare system. 
One of the main goals of the World Federation of Haemophilia (WFH, an international not-for-profit organization based in Canada) is to help and encourage haemophilia care in developing countries together with national haemophilia organizations, health care providers and governmental officials to assess their needs and develop a national plan for haemophilia care.71 Improving the possibility of treatment of haemophilia in developing countries means that there is an opportunity to improve the general infrastructure for plasma-derived factors of which patients with other diseases also may benefit. 
Another way of improving the possibility of treatment of haemophilia and other (rare) diseases in developing countries together with a stimulus of the infrastructure of knowledge economy may be the culturing of transgenic farmyard animals (for example cow, sheep or pig) in future as producers of coagulation factors in milk.72  

The treatment of haemophilia is costly. A patient with mild symptoms costs about € 30,000 and a patient with severe symptoms about € 125,000.67 To improve cost-effectiveness it has been discussed that the delivery of treatment should get more attention. For example new technology for the assay of factor VIII, more research on the pharmacokinetics of the supplemented coagulation factors, in vivo dose finding studies, studies on continuous infusion, prophylaxis and immune tolerance were recommended in a joint meeting of WHO, WFH and IISTH.64 The percentage of haemophiliacs that develop antibodies (inhibitors) to the supplemented factor VIII is between 5 and 20%, dependent on the used definition. For about 10% of the haemophiliacs immunotolerance is a real problem (E. Mauser, pers. comm.).73, 74
In the joint WHO/WFH/IISTH meeting it was recommended that “all treatment should be dispensed from a haemophilia centre that is integrated into the existing healthcare system. The diagnosis should be made and the patient should be listed on a registry. There should be a protocol for dosing and follow up and this information should be entered on the registry together with clinical details of progress. Regular audit and research and development should be conducted in order to establish optimal treatment guidelines, which are quality accessed. Home treatment should be the treatment of choice for patients with severe haemophilia”.64 
Although these recommendations are in practice for several developed countries, many other developed and developing countries do not have the right infrastructure and/or can not afford these recommendations.  

Why Does the Disease Burden Persist?

There are several reasons for the persistence of the burden of disease of rare diseases. 

The first reason is due to the nature of rare diseases.
Many rare diseases are chronic disabilitating diseases, that are diagnosed at children’s age. Growing older will in general coincide with the same or even a lower quality of life. Furthermore, a lot of these diseases are genetic and will therefore exist for generations. 

The lack of knowledge is another important reason for a persisting disease burden.
The physician does generally not know about care for people with a rare disease. More and continuous education is needed in the training period and in the exercise of his/her duty to solve this problem. 
The causes of many rare diseases are still unknown and therefore diagnosis may be difficult due to a lack of diagnostic tools. No insight into the natural history of rare diseases is present due to a lack of research. As a consequence it is very difficult to register people with rare diseases.
Due to the lack of the fundamental information, identification of possible pharmacological targets is not possible and therefore new pharmaceutical interventions are difficult to develop.

A third reason for the persistence of burden of disease is the unavailability of existing or new medicinal products. Even when a pharmaceutical intervention is known, the availability may be quite a problem for a patient in a particular country due to problems within three categories: registration, prescribing and reimbursement. 
Physicians may be not aware that a particular registered medicinal product can be prescribed for a particular rare disease due to ignorance or lack of persuasion by the results of the clinical trials. Or physicians will not prescribe the new product because it will not be reimbursed. Reimbursement of an existing drug may become difficult when it is not registered for the specific rare indication (off-label use), or when it has to be imported from another country. There appears to be unequal access to the first European registered orphan drugs within the EU due to the different reimbursement systems in the different member states.37 Similar problems of patient access to the more expensive orphan drugs have been noted in the USA. The purpose of the Medicare patient Access to Drugs for Rare Diseases Act of 2003, H.R. 2700, was to assure that Medicare beneficiaries with rare diseases would have continued access to orphan drugs in the hospital outpatient setting.75 Moreover several pharmaceutical companies have deleted their product registration in developed countries because of the small market of the patients with a specific disease, or do not apply for a market authorisation in small countries or in developing countries.76, 77 

Moreover, an issue that needs attention in near future is the fact that rare diseases that were originally located in certain regions of the world are travelling to other regions. Infectious diseases like tuberculosis and SARS, but also genetic diseases like thalassemia migrate. The policymakers of the migrated areas have to realise that screening, cure and specific care for these rare diseases need more attention to reduce a growing burden on the society.78, 79 

In conclusion, the disease burden for patients with a rare disease will in general not change in future unless the attention of policy makers for these diseases will increase both in developed and in developing countries. More fundamental research is needed to develop a treatment, the interest of physician, researcher and industry has to be encouraged and measures has to be taken to improve the availability of (pharmaceutical) care. 

What Can Be Learnt from Past/Current Research into Pharmaceutical Interventions for These Conditions? 

In general, history shows that a major part of universal medical knowledge we have gained over the centuries started with a model of a rare disease and helped us to understand more common diseases. Also new techniques are developed using rare diseases as model. For example research on gene therapy is being done with rare diseases such as X-linked severe combined immunodeficiency (SCID), cystic fibrosis, Gaucher disease and haemophilia. Furthermore, molecular science (e.g. genomics, proteomics and biotechnology) facilitates the search for new and promising approaches for finding efficacious and safe treatments. Despite the use of rare diseases as models for scientific knowledge this does not result in many pharmaceutical interventions for rare diseases.

From the past it is clear that there would have been hardly any pharmaceutical interventions without stimulating measures. The 20 years results of the Orphan Drug Act in the USA have shown this.1 However, the orphan drug regulations are insufficient because for many rare diseases there are still no pharmaceutical interventions present. This is caused by many difficulties that have to be overcome to develop pharmaceutical interventions for rare diseases. These difficulties can be summarized as follows. 

Difficulties to overcome

· Scientific understanding of the disease (know-how) is lacking

For many rare diseases the cause of the disease and pathogenesis/physiopathology is still unknown and there is not much insight into the natural history of these diseases. There are no animal models available or in vitro and in vivo studies possible. In all those diseases, it is not possible to identify possible pharmacological/therapeutic targets. Very few diseases are well enough understood to start research for an effective treatment. This lack of understanding is mainly due to limited public research funds. Pharmaceutical companies will not invest in these fundamental studies. 

· Number of patients with a specific rare disease is low 

Due to the low number of patients there is a lack of national or public registration (databases of patients with genetic and medical information, and information on progression of the disease). Furthermore, there is a lack of centres of expertise and interdisciplinary specialist research groups for rare diseases may be isolated. As a consequence it is hard to find enough patients to gather for proper clinical trials. 
The set-up of a clinical trial for a specific rare disease needs more attention, because the number of patients that can be included is low. Methods like randomising of patients and the use of placebo controlled double blind studies are often not possible for these clinical trials. 37, 80, 81 

· Interest of (big) pharmaceutical industry is lacking

The development of pharmaceutical interventions for frequently occurring diseases is generally already complex, long-term and expensive. This is even worse for rare diseases, due to the various problems associated with rare diseases (the small number of patients, no markers or surrogate markers to follow treatment (definition/validation of tools for evaluation disease progression; clinical data are fragmentary). 
Experience is needed for a pharmaceutical company to perform multinational clinical trial programmes (including knowledge of national approval procedures). Registration authorities are not familiar with clinical trials in which a small population has to be studied. To overcome these problems a pharmaceutical company has to invest money to do additional research to be able to convince the registration authorities about the safety and efficacy of their product. 

· Interest of society is lacking

The ignorance of the seriousness of rare diseases, the price of orphan drugs and the limited resources of national health care systems make rare diseases a difficult issue. No adequate political support or scientific research programmes in the field of rare diseases were present until some years ago.

· Infrastructure and exchange of information

In the past there was a clear lack of infrastructure and exchange of information. This has changed positively in the last years. EU programmes and organisations like the American NORD and OOPD, and the European organizations like EURORDIS, ORPHANET, Orphanplatforms and EPPOSI have improved the infrastructure and exchange of information on specific rare diseases or general issues on rare diseases during the last decade. (See Appendix 7.5.1) The organizations mentioned are examples of good intra- and intercollaboration between the different stakeholders (patients, science and industry) and successes of American and European funding.

Inventory of research funding

In the last decade, consecutive Community Actions for Public Health and EU Framework Programmes have paid attention to rare diseases, which was mainly directed to exchange of information and funding fundamental research. A rough estimation is that the EU have spent between 1994 and 2002 about 60 million euro for all 5000-8000 rare diseases (about 7 million euro/year). Several new initiatives have started in the EU during the last few years. In 2004 the Rare Disease Taskforce was installed by the European Commission to disseminate information funded by the action programmes and to assist the Commission in setting priorities for information and knowledge on rare diseases.82 During the last two years national research programmes on rare diseases in three EU member states have started.

In the USA, the Rare Diseases Act of 2002 and the Rare Diseases Orphan Product Development Act of 2002 have given a significant stimulus in research of rare diseases.83, 84 Emphasis was given in 2003 to the building of rare disease regional centres of excellence for clinical research into, training in, and demonstration of diagnostic, preventive, control, and treatment methods for rare diseases.83 In total an estimated amount of 49 million dollar per year is invested in rare diseases in the USA, including the funding of the FDA’s Orphan Products Research Grant Program,85 which supports clinical trials of new orphan drugs, diagnostics, medical devices and medical foods. 
The past and current research for rare diseases will be discussed below in more detail. Firstly, the fundamental research mainly performed at universities will be discussed. Next, the translational research performed by universities and pharmaceutical companies and thirdly clinical trials. 

The conclusion from this inventory on existing research programmes is that with the exception of the FDA’s Orphan Products Research Grant Program there is hardly any public funding for translational research and clinical trials. Moreover, some new initiatives on fundamental research have just started and therefore it is too early to be able to analyse the results.

1. Fundamental research and exchange of information

Fundamental research (molecular biological, (bio)chemical and cell biological analyses) is mainly performed at university laboratories and university hospitals in developed countries. These investigations are financed by the hospital or laboratory itself. Or the investigators apply for funds at national science foundations, private institutions or charities. In general, the applications for a research fund for a rare disease have to compete with applications for research for common disorders. Moreover the number of private funds for rare disorders is relatively poor.

a. Europe

Until very recently no national research programmes on rare diseases were present in Europe.

In 2002 or 2003, three EU Member States have launched national research programmes specifically devoted to rare diseases, i.e. France, Germany and Spain. The three national research programmes show a specific focus on infrastructure (networking) and have an annual budget between 5 and 7.9 million euro. Furthermore, the French government has included rare diseases as one of the five focus areas in its new health care plan. 

National programmes

France. The French programme is a consortium, called ‘GIS-Rare disease Institute’, that has been created in 2002 with specific funds from public and charities. For the creation and/or development of 59 networks for rare diseases and promotion of 27 multidisciplinary research projects a budget of 7.9 million euro was made available for 2002 and 2003. Information on the budget for the next years is not available as yet (P. Borensztein, pers.comm. June 29, 2004). Next to this funding programme, the development of partnerships and infrastructure has started, e.g. a partnership with the French Mouse Clinical Institute to generate mouse models for rare diseases. 
Germany. National networking is also the main goal in the German research programme on rare diseases, which is funded by the Federal ministry for Education and Research from 2003. The budget for this programme is 25 million euros for 5 years. In the first funding period (2003-2005/6) 91 subprojects have been funded of which 24 focus on building infrastructure and communication, 55 on basic studies of individual diseases and 25 on clinical studies (of which two are therapeutic studies).
Spain. The Spanish programme started in 2003 and funds line actions (research, advisory, teaching, information and coordination) and networks (creation and/or development of networks and promotion of multidisciplinary research programmes on rare diseases). The total budget for 2003 and 2004 is 11,9 million euros and is paid by public bodies. No information is available for the budget for 2005 and further (M. Izquierdo Martínez, pers. comm.,June 29, 2004). 
The bodies responsible for the three national rare disease programmes have joined forces and have built the project E-Rare, that is being financially supported by the EU in 2004 as a Specific Support Action (SSA) under the ERA-Net scheme. One of their goals is to compare their national programmes and to recruit additional partners from other European countries.86 Recently, also in some other EU countries efforts are being made to build up their own national research programme. For example in May 2004 the Dutch Ministry of Health has supplied a budget for an inventory on national research as a first step for a Dutch programme on rare diseases. In the beginning of 2004 a conference was held on the barriers and prospects of rare diseases research in Denmark to initiate the discussion on a national strategy for Danish research in rare diseases.87  

EU programmes

Community actions in the field of Public Health

Rare diseases are subject in Community Actions in the field of Public Health. The community action programme on rare diseases was established (1999-2003) with a budget of 6.5 million euro.88 This programme aimed for development of a European network on rare diseases, information, education and updating on professionals knowledge, creation of transnational collaborations and networks and creation of systems improving collection, analysis and dissemination of knowledge in the field of rare diseases. In this community action programme 24 projects have been funded, like ORPHANET, EURORDIS and EUROCAT.89 ORPHANET is a European wide database on rare diseases and orphan drugs in six languages18. EURORDIS is a European alliance of patient organizations.90 EUROCAT is a European network of population-based registries for congenital anomalies.40 
The new European programme of Community action in the field of public health (2003-2008) is based on three general objectives: improving information and knowledge, enhancing a rapid reaction in a coordinated fashion to health threats and promoting health and preventing disease.91 This new programme replaces a series of eight EU programmes that each focused on individual health issues, such as cancer, AIDS and other communicable diseases, rare diseases and drug abuse. In the 2004 Work plan rare diseases are mentioned within area 1.2.2 (public health issues including epidemiology contributing to disease prevention and responses to emerging rare and communicable diseases) and within the first priority area (exchange of information and development of strategies and mechanisms for exchange of information on rare diseases). Projects already funded on rare diseases are a fourth phase of the project ORPHANET and a third phase of the project EUROCAT.

Framework programme FP4 

Specific attention has been given to funding of research on rare diseases in three consecutive EU Framework programmes.
Within the Fourth RTD Framework Programme (FP4, 1994-1998) research on rare diseases was funded in two areas of the specific programme ‘Biomedicine and Health’ (BIOMED 2). The general objective of Area 1 (Pharmaceuticals Research) was to develop the scientific and technical basis required for the evaluation of new drugs. Research on the treatment of rare diseases in the clinical trial part of the programme (1.3) included methodologies for fast-track schemes in the development of orphan drugs and repositories of available orphan drugs in Europe. Two projects for a specific rare disease were reimbursed in this programme. 
In area 4 (Research on diseases with major socio-economic impact: from basic research into clinical practice) the development of basic and clinical research and the development of educational tools to increase information available to patients and public awareness in rare diseases were funded. In this area 25 projects on a specific disease of groups of diseases were financed.92 

Framework programme FP5
Within the generic activities of the fifth Framework Programme for research, technological development and demonstration on quality of life and management of living resources (FP5, 1998-2002) projects on rare diseases were funded, that encouraged the interaction between basic and applied research and that involved both the research and health sectors in order to ensure maximum transfer of knowledge between research and its users, including industry (cross-national cooperation). Within the item ‘chronic and degenerative diseases, cancer, diabetes, cardiovascular diseases and rare diseases’ 27 projects were focused on rare diseases.93 Five groups of diseases were funded both by FP4 and the FP5 programmes (myopathies, genetic deafness, peroxisomal diseases, primary immunodeficiencies, craniofacial anomalies).
Within the generic activity ‘Research into genomes and diseases of genetic origin’ 63 projects were funded of which three projects had a rare disease as subject. 
An example of a project funded by FP5 is the EuroBioBank with 1.2 million euro for 36 months that stimulates the infrastructure of rare diseases.94 This bank is the first of biological banks in Europe providing human biological material (DNA, tissue, cell) for research on rare diseases. The consortium is composed of 16 partners from 8 European countries, 12 academic or private banks, 2 computer services companies (software designer and developer), 1 biotech company and EURORDIS (European Organisation for Rare Diseases Ref 90) who initiated the project. A total of approximately 65,000 DNA samples and 15,000 tissue samples are available via the 12 banks of the consortium. 

It is difficult to find an accurate number on the funded budget on rare diseases within FP5; the numbers varied between 15,6 million (fourteen projects), 16.8 million (number of projects not mentioned) and 45 million euros (34 projects).

Framework programme FP6
The Sixth Framework Programme (FP6, 2002-2006) is a specific programme for research, technological development and demonstration aimed at integrating and strengthening the European Research Area. Within the programme there are seven thematic areas of research. Priority 1 (Life sciences, genomics and biotechnology for health) research action focuses on combating cancer, cardiovascular disease and rare diseases. The focus is on cardiovascular disease and diabetes because they are major causes of mortality and ill health in Europe, and on rare diseases in order to realize the benefits of pooling Europe's research resources for tackling such diseases. There will be support for genomic approaches to elucidate the genetics and molecular pathology of these diseases and the translation of knowledge into improved prevention, diagnosis and treatment.95 

Sixty consortia interested in rare diseases prepared an Expression of interest (EoI) in June 2002. In the field of rare diseases, a number of EoIs for the Integrated Projects (IP) were considered very good and ready for possible implementation. Several Networks of Excellence (NoEs) that were proposed were analysed as to be very broad ranging and as lacking focus. It was suggested that more targeted NoEs addressing for example early clinical testing might have been more successful.96 Integrated Projects are designed to create the knowledge required to implement the priority thematic areas of FP6, by integrating a critical mass of activities (research, demonstration, training, innovation, management) and resources (staff, skills, competences, finances, infrastructure, equipment etc.). Network of Excellence is an instrument for directly tackling the fragmentation of research activities in Europe in a given thematic area. No list of funded projects is available as yet, however at least three Integrated Projects on rare diseases have been granted (spinocerebellar ataxia97, orphan platform98 and mitochondrial diseases.99 These projects will develop collaborating networks on research and information. To our knowledge no network of excellence on rare diseases has been funded as yet, although this kind of instrument could be very stimulating for research on rare diseases. 

In the programme FP6 Research for Policy Support a major research priority is ‘Public health issues, including epidemiology contributing to disease prevention and responses to emerging rare and communicable diseases, allergies, procedures for secure blood and organ donations, non-animal test methods’.100 The objective of this programme is among many other subjects to fund research on rare diseases: to improve our understanding of a number of already identified diseases and facilitate the identification of others. Research under this area will complement and take into account the actions launched under the new EC Public Health Programme (2003-2008) and the work carried out under among Priority 1 (Life Sciences genomics and biotechnology for health).

Rare Disease Taskforce

The Rare Disease taskforce was launched in January 2004 by DG SANCO and consists of several people including project leaders, experts from member states, representatives of DG SANCO, Research and Enterprise, EMEA, EUROSTAT and WHO-Europe. Their mandate is to improve information exchange between relevant authorities, to contribute to accurate and relevant indicators to a harmonized EU health data system and to assist the Commission in setting priorities for information and knowledge on major and rare diseases. This group will organize a conference in 2005 in Luxembourg.82 
b. Rest of the world 

Within the USA, fundamental research has been given a stimulus with the Rare Diseases Acts of 2001-2002.101The Rare Diseases Act of 2001 (S. 1379; S.R. 107-239) started two initiatives and was split later into two separate acts, the Rare Diseases Act of 2002 (H.R. 4013) and the Rare Diseases Orphan Product Act of 2002 (H.R. 4014), that were passed in November 2002. 
The Rare Diseases Act of 2002 (H.R. 4013, Public Law 107-280) provides the existing National Institutes of Health (NIH) Office of Rare Diseases (ORD) a statutory authorisation to increase the national investment in the development of diagnostics and treatments for patients with rare disorders.83 The Director of the ORD shall recommend an agenda for conducting and supporting research in rare diseases through the national research institutes and centres, including education activities, scientific workshops and symposia. Moreover, the director will promote coordination and cooperation between the national research institutes and centres and encourage an information centre to the public, medical professionals, patients and families. For these activities $4 million is available for each of the fiscal years 2003 through 2006.    
This legislation also establishes rare disease regional centres of excellence for clinical research into, training in, and demonstration of diagnostic, preventive, control, and treatment methods for rare diseases. The budget for these activities is $ 20 million for each the fiscal years 2003 through 2006.102 In November 2003, the National Institutes of Health (NIH) established eight rare diseases clinical research networks and a data and technology coordinating centre with $51 million in grant funding over 5 years. This cooperative program should facilitate many advances including the identification of biomarkers for disease risk, disease severity/activity, and clinical outcome and encourage development of new approaches to prevention, diagnosis, and treatment of many rare diseases beyond those being studied. The easy and free availability of data from the Data and Technology Coordinating Center should also spawn many new research ideas and subsequent applications to NIH Institutes and Centers.103 
The Rare Disease Orphan Product Development Act of 2002 (H.R. 4014) doubles the funding of the FDA’s Orphan Products Research Grant Program to $25 million per year, which supports clinical trials of new orphan drugs, diagnostics, medical devices and medical foods.84 

2. Translational research

Translational research in this chapter is defined as research in the interface between fundamental research and clinical trials. This type of research is mainly performed by universities together with (small) pharmaceutical companies. In general it may be stated that until recently national and EU funding schemes were not tailored sufficiently to bridge the gap between the ‘bench’ and the ‘patient’. In the USA there is more experience thanks to the FDA’s Orphan Products Research Grant Program. However, this type of research is an important step that should get more attention in near future. 

a. Europe

In some individual EU member states initiatives have started to encourage applied research. In France the European Rare DIsease Therapeutic Initiative (ERDITI) was launched in 2004. This is a partnership between academic institutions and pharmaceutical companies to promote therapeutic research on rare diseases. The Partnership is under the sponsorship of the European Science Foundation and is coordinated by the GIS - Institut des maladies rares (French Institute for Rare Diseases Research).104 The main goals of this partnership is (1) to give academic teams access to a large variety of drugs which can be evaluated preclinical and, if warranted, clinically; (2) to provide a collaboration streamlined facilitated process between academic teams and Pharma Partner to develop drugs for rare diseases; and (3) to guarantee the continuity all the way from research to development and commercialisation of the drug.
In the Netherlands, several initiatives were taken from 1999 on to encourage scientists from public knowledge institutes (universities, academic hospitals, etc.) to start up their own company. The programme ‘BioPartner’ and the programme ‘STIGON’, nowadays integrated in the programme ‘Biopartner first stage grant/STIGON’ stimulate entrepreneurship by helping to build results driven scientific research into a viable business plan for a business-concept.105 Until now only three small companies with a business plan for treatment of a specific rare disease have started in this way whereas the programmes have initiated more than 80 start-up companies. A maximum of 250,000 euro per project was granted in these programmes. Due to the poor success of this kind of programmes for rare diseases another initiative in The Netherlands will be launched in autumn 2004. A so called ‘orphan product developer’ will be appointed who will inform and coach (small and big) pharmaceutical companies on the new orphan drug legislation with the aim to persuade them to pay more attention to rare diseases.  

In general, partnerships between scientists and small or medium-sized enterprises (SMEs) are encouraged in all thematic areas of FP6. Fifteen percent of the budget is reserved for them. In addition, for SMEs intending to innovate without having their own research capacity, the "co-operative research" instrument is appropriate. Consortia involving a minimum of three SMEs from two different countries can entrust research and development tasks to scientific institutions. The SMEs will own the results. To boost innovation of whole groups of SMEs or of sectors dominated by SMEs, the instrument "collective research" is foreseen. Business associations (consortia of at least two national associations from two different countries or one international association) may receive funding to entrust research activities to research institutions. Furthermore, within the programme there is mediation to find partners.106 Whether these instruments will be successful for partnerships between scientists and SME’s for rare diseases is too early to tell. There are however signs that most of the biotechnological companies do not know about the funding in FP6.107 The conclusion may be drawn that the patients with a rare disease may not benefit from this part of the programme.   

b. Rest of the world

The Office of Orphan Products Development (OOPD) at the U.S. Food & Drug Administration (FDA) has been dedicated to promoting the development of products that demonstrate promise for the diagnosis and/or treatment of rare diseases or conditions since it was created in 1982.108 OOPD interacts with the medical and research communities, professional organizations, academia, and the pharmaceutical industry, as well as rare disease groups. The OOPD is the administrative body for the Orphan Products Development Grant Program. The objective of this OOPD grant program is to fund trials that will result in new products or data to be used in the treatment of rare diseases. The products studied can be drugs, biologics, medical devices, or medical foods, but in practice they are primarily drugs and biologics. The current annual budget for funding grants is now approximately $25 million due to the Rare Disease Orphan Product Development Act of 2002 (H.R. 4014). Clinical trials are awarded grants from $100,000 to $200,000 per year in direct costs for up to 3 years. This program has led to increased research and development of orphan products at academic institutions and other responsible organisations: public, private, non-profit, or for-profit. The OOPD grants program is the largest single source of extramural clinical grants at the FDA. The grants (in number 272 until now) have enabled scientists to develop the preliminary scientific data necessary to prove that a new treatment warrants commercial development and FDA approval. These grants helped 36 new drugs and medical devices to reach the American market. 

The National Organization for rare disorders (NORD) is a non-profit, voluntary health agency that exists to serve rare-disease patients and their families in the USA. The Research Grant Program of NORD provides seed money in small grants to academic scientists studying new treatments or diagnostics for rare diseases. The clinical researchers supported by NORD’s research grants provide preliminary data indicating that a treatment (drug, device, or medical food) may be safe and effective when used for a larger number of patients. Researchers can then use the preliminary data to apply for larger multi-year government grants or to attract a commercial sponsor.109 

3. Clinical trials

The Orphan Drug regulations were set up to create procedures for designation of orphan medicinal products but also to provide incentives to attract the pharmaceutical industry to rare diseases. Most of the clinical trials are paid for by the pharmaceutical industry.
Despite the small number of patients that can be included in a clinical trial for a rare disease the outcome of these clinical trials has to meet the criteria for marketing authorisation. Alternative methodologies and statistical approaches have to be developed to face the difficulty of the small patient populations that are available for clinical trials. Furthermore, there is a need for a specific database on clinical trials for rare diseases. The presence of such database could facilitate information on developments of drugs for physicians and patients and could facilitate the participation of patients.   
a. Europe

There is not much public funding for clinical trials; the pharmaceutical companies pay for most of the clinical trials. In the first Work plan of FP6 in 2002 it was explicitly indicated that there was no budget for clinical trials for rare diseases, with the exception of rare cancers. However, there are some European initiatives worth mentioning.
The European Science Foundation had research-funding opportunities in the field of Pan-European Clinical trials. A call in 2002/2003 resulted in 70 outline proposals demonstrating the need within the research community. One of the two selected full trials protocols funded was the prevention of bone morbidity using a bisphosphonate in fibrous dysplasia of bone, a rare condition.110  

A significant problem in setting up clinical trials for rare diseases is the small number of patients with a specific rare disease. A clinical trial of itraconazole for the prevention of severe fungal infection in patients with the rare disease chronic granulomatous disease raised much debate due to the set-up of the trial that required 10 years to enrol 39 patients.111 However this is the reality for rare diseases and therefore needs more attention in near future.
EMEA organised a workshop in 2002 related to the methodological aspects of clinical trials for efficacy evaluation in small populations.81 Generally, randomized parallel group clinical trials are considered the current standard in efficacy evaluation of medicinal products. About 80% of the orphan medicinal products marketed in the USA were licensed on the basis of results from randomized clinical trials. Only in a few cases have historical controls been the basis for registration. Other types of evaluation methods that have been accepted in certain cases were withdrawal trials and open-label studies. In Europe four out of the first seven orphan medicinal products that were marketed in the EU were based on classical randomized control studies and three on case-control or open studies. Another important initiative is the launch of the European Centre for Clinical Trials in Rare diseases at the National University of Ireland in Cork to facilitate the conduct of clinical trials in rare diseases.112 
b. Rest of the world

In the USA the OOPD grant program may grant Phase I, II and III clinical trials under certain conditions. Furthermore, the NIH funds public-private partnerships, i.e. strategic partnerships between NIH, private industry and non-profit organizations.113 We do not know so far whether there are public-private partnerships for rare diseases. 

What Is the Current "Pipeline" of Products that Are to Be Used for these Particular Conditions? 

The lists of designated orphan medicinal products in the several regions can be considered as the pipeline of pharmacological interventions for rare diseases. These products are investigated further in clinical trials, but have already been recognised as potential products for rare diseases.48, 56, 114, 115
The 20 years experience in the USA with the ODA indicates that about 20% of these designated products ultimately come on the market.1 Furthermore, several orphan medicinal products for a specific disease are on the lists, e.g. for cystic fibrosis. Due to the market exclusivity only one product will come into the market unless others are clinically superior or have another delivery mechanism (e.g. an inhalator or pill instead of an infusion).   

Table 7.5.3. shows that the orphan medicinal products that have been developed to date are especially meant for treatment of rare diseases in the field of oncology, haematology and metabolism. Similar results have been obtained in the USA and in Japan. This is understandable as many orphan medicinal products get the status in the different regions upon application by the pharmaceutical company. Furthermore, these results show that the orphan drug regulations are especially beneficial for those rare diseases (rare cancers, cystic fibrosis) for which already fundamental knowledge and epidemiological data were present. However, this means that there are still many diseases that do not get attention and for which no effective treatment exist.   

The prevalence of the rare diseases for which there were more than 200 orphan medicinal products in the EU was in 43% of the cases less than 1 per 10,000 EU inhabitants, in 46% of the cases 1-3 per 10,000 and in 11% of the cases 3-5 per 10,000. This indicates that half of the designated orphan medicinal products are meant for ultra rare diseases.  
Nearly all the products on the designation lists have been designed for treatment of rare disorders and not for diagnosis or prevention. 

Table 7.5.3 Designated and approved orphan medicinal products in USA, Japan and EU*

	Rare Disorders
	USA
	Japan
	Rare Disorders
	EU

	
	OD Status
n=11001
	OD MA

n=2311
	OD Status
N=11355
	
	OD Status
n=13537
	OD MA

N=15**

	
	%
	%
	%
	
	%
	%

	Oncology
	31
	18
	19
	Oncology
	31
	40

	Immunology
	5
	3
	
	Immunology
	13
	

	Metabolism
	11
	16
	11
	Metabolism
	13
	40

	Cardiovascular  and respiratory
	13
	11
	
	Cardiovascular 
and respiratory
	9
	13

	Neurological
	10
	6
	10
	Musculoskeletal and nervous systems
	9
	

	Antiinfections
	9
	10
	25
	Antiinfections
	5
	

	Haematology
	14
	13
	
	
	
	

	Others
	7
	23
	32
	Others
	20
	7


* The number of drugs designated as orphan drugs in Australia was 85 on July 5, 2004 and in Taiwan 74.

**. State of the art July 26,2004;

MA, Market authorisation ; OD, Orphan drugs ; Status, the product has the status of orphan drug, but its safety, quality and effect has still to be analysed by a committee before the product may be registered.

What Are the Opportunities for Research into New Pharmaceutical Interventions Including Delivery Methods? 

The opportunities for research into new pharmaceutical interventions on rare diseases are manifold. As described earlier, rare diseases are used and have been used in the past as model systems for new (pharmaceutical) interventions like protein supplementation therapy and gene therapy. Furthermore many orphan medicinal products are innovative, biotechnological products that have been the start for several small biotech-companies.
Ongoing research will give new exciting opportunities:
· Genomic research will result in the recognition of more rare genetic diseases 

· Proteomic research will result in more insight in protein function and structure of proteins that are deficient or are accumulated in rare diseases 

· Ongoing fundamental research will result in more targets for pharmaceutical intervention for rare diseases

· Pharmacogenomics will result in more orphanised treatment in future: each individual has his/her own pharmacy profile

· There are many rare diseases for which no pharmaceutical intervention exists; thus there are always opportunities for researchers and for the pharmaceutical industry to focus on (a group of) rare diseases for which there is a lack of attention.  

Furthermore, (other) delivery methods would be of great value for patients with rare diseases. Delivery mechanisms are discussed in depth in Chapter 7.1 of this report. 

Alternatives for intravenous administration

For example enzyme replacement therapy for several lysosomal disorders (Gaucher disease, Fabry disease) is given intravenously, either in the hospital or at home. The frequency of these infusions, that take about two hours per infusion, may vary widely from three times a week to once a month. It would be a great advantage for these patients when the supplemented enzyme could be given in another way, e.g. via a pill.
Dosing 

Another example of patients with a rare disease that could benefit from an improved delivery method are Addison patients. Many Addison patients are substituted with corticosteroids due to an adrenal cortical insufficiency. The capsules are taken three times a day. However, it would be much better for the patients to mimic the natural situation as much as possible by a retarded delivery of the corticosteroids in the body. 

Blood brain barrier

Another important issue is the delivery of drugs across the blood brain barrier. Many patients with rare diseases have neurological symptoms. It would be a major breakthrough for the treatment of these diseases when large molecules could be targeted across the blood brain barrier.

Use of existing molecules

Another opportunity for research in pharmacological intervention for rare diseases is the use of ‘old’ molecules that do not have a patent anymore, but might be beneficial for a specific rare disorder. This would be a comparable initiative to the ERDITI-initiative, in which Pharmapartners and university scientists collaborate in finding molecules for treatment of rare diseases.104 

What Are the Gaps Between Current Research and Potential Research Issues which Could Make a Difference, Are Affordable and Could Be Carried out in a) 5 years or b) in the longer term? For which of these gaps are there opportunities for Pharmaceutical Research? 
There are several gaps between current research and potential research in rare diseases. Due to the heterogeneity of extent of the current research on rare diseases the gaps are different for different (groups of) rare diseases. 
In general, it could be stated that rare diseases do not have much priority on the health research agenda of the EU in comparison to the USA, when looking at the annual budget for funding. It would be a start to give rare diseases more priority on the health research agenda on national and international level and increase the budget as in the USA.

Fundamental research

· For many rare diseases (e.g. chromosomal disorders, autoimmune diseases) there is too little basic information, like diagnosis, cause of the disease, natural course of the disease and epidemiological data. For those diseases funding of fundamental biomedical research is necessary. This will require public funding for a longer term both at national and at international/European level, because these investigations take a long time. 
· Furthermore, networks between these laboratories should be set up and encouraged to exchange technologies and to train young scientists. These networks should not be too large to focus their activities and to avoid bureaucracy. Researchers should start these (inter)national networks, that should be funded by national and international public funding.

· Public databases are needed to collect the obtained epidemiologic data of rare diseases. 

Translational research

· Another gap between current research and potential research issues is illustrated by the following observation. In 2002 a preliminary Dutch inventory was hold on current research on rare diseases. Sixty groups reacted. From those 60 groups, 49 performed fundamental research, 50 clinical research and 26 groups therapeutic applications. Only 18 groups did research ‘from bench to bedside to bench’. Apparently, university scientists have to be stimulated to do applied research. Moreover, those scientists that are interested in applied research complain rightly that is very difficult to find funding for their translational research. It would be very helpful for these investigations to have a specific European grant program for the clinical development of designated orphan products. In the USA the OOPD program has been especially helpful to further develop medicinal products that are no longer covered by data protection.37 

The Committee on Orphan Products/EMEA together with European experts in rare diseases could have an important role in setting up this program with European public funding specifically allocated for this purpose.

Attention can also be paid to funding of public-private partnerships to stimulate the translational research and the development of orphan medicinal products. 

Research programmes on national level should be established to stimulate entrepreneurship of scientists in rare diseases. These programmes may be funded by several ministries (Economic Affairs, Science, Health). 

Clinical trials

To optimize clinical investigation in small populations alternative methodologies and statistical approaches to meet the criteria for marketing authorization should be developed and involve all stakeholders.37
A public database on clinical trials for rare diseases is needed. The presence of such database could facilitate information on developments of drugs for physicians and patients and could facilitate the participation of patients.   

Larger and multidisciplinary effective networks should be funded between all interested parties by facilitating European networks of medical experts, reference centers, and patients’ groups for rare diseases. This infrastructure is necessary for performance of clinical trials for rare diseases and subsequent monitoring of the new products.

Post-surveillance

Methods for the collection of data on patients’ access to orphan products should be developed; methods and resulting data should be made available to all interested parties and supported by the European Commission.37
Infrastructure

There is a pan-European need to assure an effective continuing medical education and training for health professionals on the topic of rare diseases.

Studies to improve the health care infrastructure for rare diseases in developed and developing countries.
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