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1



Introduction



This report presents the case studies of Work Package 1 "Human Health Applications". Eight case studies have been performed belonging to the three fields defined for this study. Field 1: Case study



Preventives Genetically engineered hepatitis B vaccine



Field 2: Case studies:



Therapeutics GM modified insulin Interferon-beta for multiple sclerosis Glucocerebrosidase for Gaucher`s disease CD20 monoclonal antibody for Non-Hodgkin`s lymphoma



Field 3: Case studies



Molecular Diagnostics Cardiac testing HIV testing Testing for phenylketonuria (PKU)
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2



Case study: Genetically engineered hepatitis B vaccine



2.1



Introduction



The recombinant vaccine against Hepatitis B was the first recombinant DNA vaccine registered for humans1. Besides an ingredient in a Cholera vaccine (Dukoral®), it remained the only recombinant vaccine to date2. Hepatitis B (HB) is a relatively wide-spread liver disease caused by infection with the Hepatitis B virus (HBV). Worldwide, 5 to 7 % of the population are infected with HBV. Two thirds of the infections stay asymptomatic. However, HBV infection can result in acute or chronic viral hepatitis, liver cirrhosis and hepatocellular carcinoma. HBV is mainly transmitted sexually, by blood or blood products including intravenous drug use, as well as pre- and perinatally from infected mother to child. In the WHO European Region, which has a total population of 839 million inhabitants, the average number of acute hepatitis B cases reported in 1991 was approximately 160,000, giving an incidence of 19 per 100,000 population. This incidence rate varied from 5 reported cases per 100,000 in Western Europe to 22 per 100,000 in central Europe and 92 per 100,000 in Eastern Europe. Because of under-reporting and the fact that two-thirds of infections are asymptomatic, the reported incidence rate considerably underestimates the true incidence of HBV in Europe by a factor of 6. Approximately 90,000 chronic infections will develop from these new cases3. Actual figures show high differences between EU MS with a larger average number of 4.13 infections per 100,000 capita in the New Member States and 3.49 in the whole EU4. Starting from this number of known cases, about 95,700 infections per year can be estimated for the whole EU. Since 1992, WHO recommends mass vaccination of all children, which has found its way in many national vaccination policies. The current case study collates the available data that can help evaluate the socio-economic impacts of HBV vaccination with recombinant vaccine.



2.2



Case description



Vaccination aims at stimulating the immune system’s reaction on future or already existing infections with harmful agents (antigens). Different vaccination strategies exist having several aims. The most commonly known is the passive immunisation of healthy persons with antigens (i. e. infectious agents) or parts of antigens. Thereby it is intended to stimulate the immune system to produce antibodies against the disease so that in the case of a real infection with the antigen the immune system is prepared to successfully suppress the outbreak of the disease. The general aim of active immunisation is prophylaxis of the disease or primary prevention. Therapeutic or passive vaccination is a kind of treatment of already infected persons that aims at boosting the capability of the immune system to cope with the infection. Frequently, it 1



Stephenne, J. (1992): Contribution to hepatitis B prevention. In: Vaccine, 10 (13), 900-903. Interview GSK 3 Van Damme, P. et al. (1995): Hepatitis B prevention in Europe: a preliminary economic evaluation. In: Vaccine, 13 Suppl 1, S54-S57. 4 World Health Organisation European Region (2006): Health for All Database. Online: http://data.euro.who.int/hfadb/(Accessed: 21. Sept. 2006). 2
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is not the patient’s immune system itself that is stimulated to produce antibodies against the disease but the antibodies are gained from other sources and injected into the patients’ body. This type of vaccination is not within the scope of the present case study. The agent for vaccination against HB contains the smallest of three surface proteins (Hepatitis B surface Antigen, HBsAg) of HBV, the main protein of the HBV envelope. Antibodies against HBsAg neutralise the infectiosity of HBV. HBsAg is produced in the liver of chronically infected persons in large amounts; most of it is spilled into the blood. The HB virus cannot be cultivated in mammalian cells, so that mammalian cell cultures cannot be used for the production of HB vaccines. For the production of first generation vaccines, the first of them authorised for marketing in 1982, these particles were extracted from the plasma of infected persons, purified and inactivated in a complex process, and then injected. These so-called plasma vaccines are still in use in some parts of the world, mainly in Asia, where plasma donators are frequent due to high prevalence of HBV infection and biotechnological know-how is missing5. In the industrialised countries, however, plasma vaccines have been totally replaced by HBsAg produced in recombinant yeast since 1986. Factors fuelling this transition were the availability of technological know-how as well as rising fears related to blood-products in the context of HIV in the 1980s6. Although the inactivation of plasma vaccines, if carried out properly, was safe, a theoretical hazard of infection with HBV by HB vaccination remained. Recombinant vaccines are free from human plasma particles by origin and therefore potential contamination of the vaccine with infectious material is excluded7,8. The last plasma vaccine was taken from market in the USA in 1990, and in the EU in 19919.



2.3



Approach



2.3.1



Rational and description of approach



The replacement of plasma vaccines by recombinant vaccines started as early as 1986 and was completed in the industrialised world in the early 1990s. Therefore, there is no further industrial trend from production of these products with traditional methods to biotechnological production. The remaining changes in field of HB vaccines only relate to stepwise innovations, e. g. for easier administration of the products, new polyvalent (combination) vaccines, and in vaccination policies that influence the market for these products. As the transition to bio-based production has been finalised more than 15 years ago, the differences in market performance of the products, employment for development and production etc. are confounded with other framework conditions, as particularly changes in health care systems and vaccination strategies10, as well as the general economic trends. Therefore, the comparison can only be done on a historical basis. It is self-evident that no actual economic data e. g. on changes in employment caused by the change from traditional production processes to biotechnology can be presented, and there is no more respective trend that could be extrapolated into the future.



5



Interview GSK Interviews GSK and SPMSD 7 Hartmann, K.; Keller-Stanislawski, B. (2002): Rekombinante Hepatitis-B-Impfstoffe und Verdachtsfälle unerwünschter Reaktionen. In: Bundesgesundheitsbl - Gesundheisforsch - Gesundheitsschutz, 45, 355363. 8 Stephenne, J. (1990): Production in yeast versus mammalian cells of the first recombinant DNA human vaccine and its proved safety, efficacy, and economy. Hepatitis B vaccine. In: Advances in Biotechnological Processes, 14, 279-299. 9 Interview SPMSD 10 e. g. Centers for disease control and prevention (2003): Reported Acute Hepatitis B Incidence United States, 1980-2002. Online: http://www.cdc.gov/ncidod/diseases/hepatitis/slideset/hep_b/slide_15.htm (Accessed: 9. Oct. 2006). 6
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Two persons from the two largest suppliers of HB vaccine, GSK (Medical advisor for vaccines, tropical and travel medicine) and Sanofi Pasteur MSD (SPMSD; Consumer relations), participated in telephone interviews. The interviewees were helpful in clarifying open questions but generally could not contribute the quantitative figures needed to describe the transition from plasma to recombinant vaccine. Other approached persons, particularly from a patient organisation, were not willing or able to participate in an interview. In order to describe the transition from first- to second-generation HB vaccines as far as possible, the scientific literature reaching back to the introduction of second-generation HB vaccines including studies comparing the two technologies for production as well as annual business reports of the main actors in the field were analysed. Frequently, in these sources, figures for HB vaccines cannot be separated from the other products within the vaccines sector. In addition, as vaccination policies are a major driver for the market for and further development of recombinant HBV vaccines, public health databases on epidemiological changes and health-economic studies on HBV vaccination were analysed to estimate the actual socioeconomic effects of HBV vaccination.



2.3.2



Sources



Various databases contribute to indicators for impacts of HBV vaccines. For company and therapeutic data the database PHARMAPROJECTS11 was used. PHARMAPROJECTS lists 83 products (marketed or under development) worldwide for prophylactic hepatitis-B vaccination. Eight of them are not in prophylactic vaccines or immunostimulants categories (e. g. immunoglobulines) and therefore are not relevant for the actual case study. Of the remaining 75 relevant products, the development of six was discontinued, one was withdrawn. The WHO European Region Health for All database12 as well as the WHO Euro European Mortality database13 contain figures on the epidemiology, which can in part be interpreted as need for and success of vaccination programmes, although they do not always cover the full range of countries. Infection rates (incidence) were analysed comparing time before and after the introduction of recombinant vaccine. Chronic hepatitis B infection appears to be the cause of 50 % to 60 % of hepatocellular carcinoma worldwide14. Due to long and unknown time periods between HB infection and development of liver cancer, mortality due to liver cancer cannot be used to estimate social and economic burden of the disease. The need for and success of HB vaccination programmes is generally documented only in scientific studies. A literature search was performed in the Cochrane Library15 using all control terms (i. e. systematic keywords) including “vaccine”, “hepatitis B” and “hepatitis” if type of virus was unspecified, control terms including “economic”, “econometric models” etc. and “economic OR economy” in full text. This search resulted in nine documents, but none of them presented health economic data at population level, not to speak of comparison data on plasma vs. recombinant vaccines; instead, the results of specific vaccination strategies (e. g. intradermal vs. intramuscular inoculation) or high-risk target groups (e. g. Brazilian health professionals or Norwegian UN soldiers serving in Lebanon) were studied in these publications.



11



Informa UK Ltd 2006 WHO Euro HFADB; http://data.euro.who.int/hfadb/ 13 WHO Euro MDB; http://data.euro.who.int/hfamdb/ 14 Wong, C.H.; Goh, K.L. (2006): Chronic hepatitis B infection and liver cancer. In: Biomedical Imaging and Intervention Journal, 2 (3), e7. 15 http://www.cochrane.de; http://www.ebm-netzwerk.de/GNEBM2Logon.htm; 12
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In MEDLINE16, 35 relevant documents were identified by the search string “vaccination[MeSH] AND economics[MeSH] AND Hepatitis B[MeSH] AND Europe”. Some other publications were found in other sources, as e. g. the internet-based literature database Scopus17. Two interviews could be carried out with representatives of the two largest suppliers of recombinant HB vaccines.



2.4



Results



2.4.1



Economic impact



2.4.1.1



Impact on EU level



As to date the production of HB vaccines is and has been for almost 20 years nearly totally been done by biotechnology, the differences between traditional and bio-based production of HB vaccines in market performance of the products, employment for development and production etc. are confounded with other framework conditions and historical trends, so that no actual economic data can be presented that compare biotechnological with traditional production. Table 2-1:



Economic impact



Phenomenon



Indicator



Value



Comments



Impact of biotechnology on employment



Share of biotechnology active employees out of total employees in firms producing HB vaccine in the EU25



100 %



Last plasma vaccine taken from the market in 1991. The whole personnel for HB vaccine had then turned to recombinant production.



Number of companies producing HB vaccine



increased



Probably due to easier production



Share of biotechnology revenues out of total revenues for firms producing HB vaccine in the EU25



100 %



All revenues for HB vaccines now come from recombinant production.



Impact of biotechnology on revenues



After the introduction of recombinant vaccine in most countries, hepatitis B vaccines had worldwide revenues in the range of US$ 600 million (data from year 1994) a year18. To date, the worldwide hepatitis B vaccine market is still over US$ 500 million (394 million €) and growing at the rate of 15 % per annum19. The market strongly benefited from official vaccination recommendations by WHO and national agencies20. According to PHARMAPROJECTS database, 11 European companies are active in R&D or production of HBV vaccines, among them the two largest producers worldwide GSK and 16



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=nlmlib http://www.scopus.com/scopus/home.url 18 Poirot, P. ; Martin, J.F. (1994). Vers une nouvelle économie du vaccin? [Towards a new vaccine economy?] Cahiers Santé 4: 183-187 19 SciGen Ltd. (2006): SciGen signs collaborative agreement for development of Hepatitis B vaccine delivery. Online: http://www.scigenltd.com/pdfs/SciGen %20signs %20collaborative %20agreement %20with %20OctoPl us.pdf#search= %22hepatitis %20vaccine %20market %22 (Accessed: 12. Aug. 2006). 20 Interview GSK 17
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Sanofi-Aventis (European vaccines business of Sanofi-Aventis joined with USA-based Merck & Co., Inc. in 1994). 29 of the monovalent or polyvalent HB vaccines listed in the PHARMAPROJECTS database are on the market, thereof 10 produced by European companies, four by US companies and six by Japanese. The vaccines are produced by 18 different companies, thereof three from the EU, four from the USA and five from Japan. Table 2-2:



Producers of Hepatitis-B vaccines



Originator Crucell GlaxoSmithKline dto. dto. dto. dto. Sanofi-Aventis dto. dto. dto. Biogen Idec Dynavax Technologies Merck & Co Savient Pharmaceuticals Daiichi Sankyo Kaketsuken Meiji Dairies Mitsubishi Pharma dto. Research Development Corp Novartis dto. Sinovac Biotech Bharat Biotech Shantha Biotechnics dto. CJ Corp LG Life Sciences dto.



Originator Country Netherlands UK UK UK UK UK France France France France USA USA USA USA



Region



Generic Name



EU EU EU EU EU EU EU EU EU EU USA USA USA USA



hepatitis-B vaccine, Berna-5 DTPa+Hep-B+IPV vaccine, GSK DTPa+IPV+Hib+Hep-B, GSK DTPa-HB vaccine, GlaxoSmithKline Twinrix hepatitis-B vaccine, GSK Hexavac hepatitis-B vaccine, S Past-3 hepatitis-B vaccine, S Past-4 hepatitis-B vaccine, S Past-2 hepatitis-B vaccine, Biogen hepatitis-B vaccine, Wockhardt Hib/HBV vaccine, Merck hepatitis-B vaccine, Savient



Japan Japan Japan Japan Japan Japan



Japan Japan Japan Japan Japan Japan



hepatitis-B vaccine, Kitasato hepatitis-B vaccine,Kaketsuken hepatitis-B vaccine, Meiji Dai hepatitis-B vaccine, Yoshitomi hepatitis-B vaccine, Mitsubishi hepatitis-B vaccine, RDC



Switzerland Switzerland China India India India South Korea South Korea South Korea



Other Other Other Asia Other Asia Other Asia Other Asia Other Asia Other Asia Other Asia



paediatric vaccines, Novartis hepatitis-B vaccine, Novart-2 hepatitis-A&B vaccine, Si hepatitis-B vaccine, Bharat tetravalent vaccine, Shantha Shanvac-B hepatitis-B vaccine, CJ Corp-2 hepatitis-B vaccine-1, LGLS hepatitis-B vaccine-2, LG Chem



Source: Fraunhofer ISI analysis 2006 based on PHARMAPROJECTS



Market leader GSK markets a range of hepatitis vaccines against hepatitis A, B, combined A and B, and a paediatric combination vaccine including HB. Revenues for HB vaccines are not reported separately in actual business reports. In 1998, the product Engerix-B (SmithKlineBeecham Biologics, now GSK) was the fifth-most sold biopharmaceutical worldwide with a market of US$ 568 million (448 million € )21. GSK had revenues with vaccines of 1,389 million £ (2,073 million € ), its vaccines business rose by 15 % in 2005. The revenues of 21



according to figures of U.S. International Trade Commission, cited from OECD (2006): Innovation in Pharmaceutical Biotechnology - Comparing National Innovation Systems at the Sectoral Level, Paris: OECD. p. 137.
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hepatitis vaccines in 2005 were 444 million £ (662 million €) plus revenues of a part of the paediatric combination vaccines of 431 million £ (643 million €). A paediatric combination vaccine including HB is in the pipeline22. In the hepatitis market, GSK’s vaccines mainly compete with vaccines produced by SanofiAventis and Merck & Co., who have built a joint venture in 1994, Sanofi-Pasteur-MSD (SPMSD), for their European vaccines market. Sanofi-Aventis increased its revenues with vaccines in 2005 by 26.9 %, compared to a general increase in revenues of 9.3 % to 2,063 million €, although mainly based on vaccines not acting against HBV. Revenues for HB vaccines are not reported separately. The market segment of “Other vaccines“ including HBV vaccines had a volume of 167 million € and an increase of 12.1 % in 2005. Sanofi-Aventis engaged 900 new employees for the vaccines sector in 2005, where now 8,698 persons work, thereof 4,515 in Europe23. New applications of HB vaccines are still developed, e. g. to reduce the number of injections necessary to reach sustainable blood titres. Sanofi-Aventis has three different combination vaccines including HB antigens under development24. The cost of development of a new vaccine cannot be compared to that of older generation vaccines. The first-generation plasma vaccines were “relatively” expensive in production25, it was time-consuming and included the routine testing of the vaccine’s safety (inoccuity) in chimpanzees, and the availability of plasma from infected persons was limited in the lowendemity industrialised countries26. Given that the biotechnological know-how and the genetically modified yeast strains are available, the recombinant production of HB vaccines is relatively easy. The recombinant yeast cultures are a source of standardised raw material and even do not need protection against other bacteria by antibiotics27.28. In the 1990s, recombinant production of the antigen had become probably cheaper than sterile production of HBsAg from plasma29. Since the introduction of second-generation vaccines, more companies entered the HB vaccines business. Easier production and competition in the market of HBV vaccines drove the prices down since the introduction of second-generation vaccines30,31. However, price information is inconsistent, also reflecting differences between countries in pricing and reimbursement schemes. In 1998, in the high-income countries, a dose of HB vaccine cost between US$ 7.5 (about € 6 32) and € 28.18 33. To achieve best immunity status, three doses have to be applied per person, and additional costs arise for the application. On the other side, because of large-scale safety and efficacy testing, the average 22 GlaxoSmithKline (2006): Annual Report 2005. Online: http://www.gsk.com/investors/reps05/annualreport-2005.pdf (Accessed: 28. Aug. 2006). 23 Sanofi-Aventis (2006): Tätigkeitsbericht 2005. Online: http://www.sanofi-aventis.de/index.html (Accessed: 23. Aug. 2006). 24 Sanofi-Aventis 2006 25 Stephenne 1992 26 Stephenne, J. (1988): Recombinant versus plasma-derived hepatitis B vaccines: issues of safety, immunogenicity and cost-effectiveness. In: Vaccine, 6, 299-303. 27 Stephenne 1988 28 Interview GSK 29 Caspari, G.; Gerlich, H.W. (1997): Hepatitis B: Preisfrage. In: Deutsches Ärzteblatt, 94 (26), A-1768. 30 Stephenne 1988 31 PATH (2006): Hepatitis B. Online: http://www.path.org/vaccineresources/hepb.php (Accessed: 13. Aug. 2006). 32 Data from Italy, 1994, and USA, 1998; Da Villa, G.; Sepe, A. (1999): Immunization programme against hepatitis B virus infection in Italy: cost-effectiveness. In: Vaccine, 17 (13-14), 1734-1738.; Miller, M.A.; McCann, L. (2000): Policy analysis of the use of hepatitis B, Haemophilus influenzae type b-, Streptococcus pneumoniae-conjugate and rotavirus vaccines in national immunization schedules. In: Health Economics, 9 (1), 19-35. 33 Year 2000 pharmacy sale price for Engerix®, a combination product for vaccination against Hep-A and Hep-B; Diel R. (2003): Evaluation aktueller Impfstrategien gegen Hepatitis A und B. Habilitationsschrift für das Fach Public Health der Medizinischen Fakultät der Heinrich-Heine-Universität zu Düsseldorf, Düsseldorf: Heinrich-Heine-Universität. p 84 Table 19.
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price of the new vaccines initially was substantially higher than the traditional products34. Thus, other sources state that list prices did not change much between the plasma vaccine (Hevac-B, HBvax) in 1983 (between 54 and 73 € per dose at pharmacy revenues prices in Germany and nominally 4 to 11 % more in 1991/1993) and the recombinant Engerix-B (about 65 € per dose in Germany in 1988 and 62 € 2006). Similar stability of revenues prices can be observed for Pasteur’s recombinant product Genhevac-B35. Prices differ substantially between countries; in Germany they were (among) the highest in Europe36. Based on the assumption that easier production by recombinant technology would lead to reduced prices per dose, an early author from the industry concludes that this would improve the cost-effectiveness of HB vaccination37. The social and economic effects of vaccination programmes depend on the underlying prevalence of the disease: the higher the prevalence, the cheaper to avoid one new case. A number of cost-effectiveness analyses discuss different approaches to vaccination against Hepatitis B (mass vaccination in infancy, vaccination of high-risk groups).38,39,40,41,42,43. Depending on the vaccination strategy, van Damme et al.44 compute costs of 7,071 € or 9,601 € per infection prevented for the WHO European Region. Under the premise that HBV infection rates, effectiveness of vaccination programmes and costs for treatment of HBinduced diseases are similar in the EU Member States, for the EU25 with a population of 457 million and an incidence of 3.49 cases of HB per 100,000, i. e. 15,949 cases per year, this would mean annual costs between 113 million € and 153 million € per year to prevent all symptomatic HBV cases in the EU population. The costs of vaccination programmes on the one side and costs of HBV infections and resulting treatment of sequelae (as e. g. liver cancer) highly depend on the structure of the national health care system and therefore cannot be generalised from national studies to other countries or to the EU level. In Italy, caused by a mass vaccination programme, a significant reduction of acute viral hepatitis incidence was found from 4.2/100,000 in 1996 versus 19/100,000 in the 1980s, which led to savings in treatment costs of 193 million € in 5 years of vaccination45. Mass HB vaccination compared to no vaccination would yield savings of 1274 million € over 20 years in Poland46. Although the results of these studies on vaccination strategies do not show clear superiority of mass vaccination policies compared to individual vaccination or vaccination in high-risk



34



Poirot, Martin 1994 Interview GSK; German “Rote Liste” of prescription medicines 36 Caspari, Gerlich 1997 37 Stephenne 1988 38 Demicheli, V.; Jefferson, T.O. (1992): Cost-benefit analysis of the introduction of mass vaccination against hepatitis B in Italy. In: J Public Health Med, 14 (4), 367-375. 39 Edmunds, W.J. (1998): Universal or selective immunisation against hepatitis B virus in the United Kingdom? A review of recent cost-effectiveness studies. In: Commun.Dis Public Health, 1 (4), 221-228. 40 Kerleau, M. et al. (1995): [Cost-benefit analysis of vaccinal prevention of hepatitis B policy]. In: Rev Epidemiol Sante Publique, 43 (1), 48-60. 41 Mangtani, P. et al. (1995): Hepatitis B vaccination: the cost effectiveness of alternative strategies in England and Wales. In: J Epidemiol Community Health, 49 (3), 238-244. 42 Wiewiora-Pilecka, D. (2000): Cost-benefit analysis of the Polish hepatitis B prevention programme. In: Vaccine, 18 Suppl 1, S52-S54. 43 Szucs, T. (2000): Cost-effectiveness of hepatitis A and B vaccination programme in Germany. In: Vaccine, 18 Suppl 1, S86-S89. 44 Van Damme et al. 1995 45 Da Villa, G.; Sepe, A. (1999): Immunization programme against hepatitis B virus infection in Italy: cost-effectiveness. In: Vaccine, 17 (13-14), 1734-1738. 46 Wiewiora-Pilecka 2000 35
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groups, the WHO recommendations for infant vaccination from 1992 are still in place, thus maintaining the market for Hep-B vaccines at a considerable size. The pipeline of products in development is distributed similarly to the marketed products. Table 2-3:



Pipeline of Hepatitis-B vaccines



Originator Sanofi-Aventis



Originator Country France



dto. dto. dto.



France France France



Mologen dto. OctoPlus BTG GlaxoSmithKline Innovata Lipoxen MNL Pharma Scancell Altea Copernicus Therapeutics Dynavax Technologies dto. dto. GenPhar IDM Pharma Inovio Juvaris BioTherapeutics Merck & Co



Germany Germany Netherlands UK UK UK UK UK UK USA USA



ProdiGene Wyeth Shantha Biotechnics CJ Corp



USA USA India South Korea



dto. Green Cross LG Life Sciences CSL Inovax SciGen



South Korea South Korea South Korea Australia Australia Australia



Vaxine Non-industrial source SRC VB VECTOR



Australia No Country Russian Federation Switzerland Switzerland Switzerland



Cytos Biotechnology Novartis Novartis



USA USA USA USA USA USA USA USA



Generic Name



World Status



HR-5I



No Development Reported No devel. rep. Phase II Clinical Trial Preclinical



Procomvax DTP-HepB-polio-Hib, Sanofi DTP-HepB-Hib vaccine, Sanofi HB vaccine, Mologen HB vaccine, Intraject HB vaccine, OctoPlus HB vaccine-2, BTG HB vaccine-3, GSK HB vaccine, Innovata HB vaccine, Lipoxen nanoparticle vaccines, MNL HB vaccine, Scancell HB vaccine, Altea HB DNA vaccine,Copern paediatric vaccine, Dynavax HB vaccine, Dynavax-2 HB vaccine, Dynavax HB vaccine, GenPhar HBV vaccine, Epimmune HB vaccine, Inovio HB vaccine, JuvaVax anti-infective DNA vacc, Merck HB vaccine, ProdiGene Genevax-HBV pentavalent vaccine,Shantha DPT-HBV combined vaccine,CJ HB vaccine, CJ Corp hep-C vacc,Green Cross-1 DTap-HepB vaccine, LG Life paediatric vaccines, CSL HB/-C vaccine, Inovax DTaP-Hep-B vaccine, SciGen HB vaccine, Vaxine HB vaccine, Ottawa smallpox+HB vacc, SRC anti-HIV Immunodrug HB vaccine, Novart HB vaccine, Novartis



No devel. rep. No devel. rep. Preclinical No devel. rep. Registered No devel. rep. No devel. rep. Preclinical No devel. rep. No devel. rep. No devel. rep. No devel. rep. Phase II Clinical Trial Registered No devel. rep. No devel. rep. No devel. rep. Preclinical Preclinical No devel. rep. No devel. rep. Preclinical No devel. rep. No devel. rep. Preclinical Phase III Clinical Trial No devel. rep. No devel. rep. No devel. rep. Phase I Clinical Trial No devel. rep. No devel. rep. Preclinical No devel. rep. No devel. rep.
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According to the PHARMAPROJECTS database, 39 products are in the pipeline or of unclear state of development. 13 of these are developed by EU, and 12 by US companies (Table 22). No product is in the pipeline in a Japanese company. Other countries with products in the pipeline are Australia (4 products), South Korea (4), Switzerland (3), India (1), Russian Federation (1), and one product from a non-industrial source. It can be concluded that the introduction of recombinant HB vaccine in the second half of the 1980s included reductions in the production costs, but was not mainly caused by economic reasons; instead, it was fuelled by the fear of viral contamination of blood products in general and plasma vaccines in particular and the availability of recombinant technology. The transition had no significant economic effects, e. g. regarding prices or market development, but contributed to (at least perceived) safer products, and therefore probably to higher rates of vaccination in the populations and lower incidence of HB infection and the resulting diseases. However, these effects cannot be disentangled from other framework conditions and cannot be captured in numbers.



2.4.1.2



Summary of impact in US and JP



13 US and five Japanese companies are active in R&D or production of prophylactic HBV vaccines (PHARMAPROJECTS database). Compared to 10 products from three EU companies, four products originate from four US companies and six products from five Japanese companies. The pipeline of products in development is distributed differently to the number of marketed products with the US companies having a larger share of products in the pipeline than on the market. 13 of the products in the pipeline are developed by EU, and 12 by US companies. No product is in the pipeline of a Japanese company. Other countries with products in the pipeline are Australia (4 products), South Korea (4), Switzerland (3), India (1), Russian Federation (1), and one product from a non-industrial source. As the USA and Japan also have finalised the transition from plasma to recombinant HB vaccine, and prevention strategies are similar, no other trends can be found for these countries than in the EU.



2.4.2



Social impact



The social impact of HB vaccination lies in reduced morbidity and mortality due to HB infection. As only a historical comparison can be made, and because besides the product used for vaccination many other factors impact on infection rates, morbidity and mortality, the link between the introduction of biotechnologically produced HB vaccine and these phenomena is only uncertain and weak. Direct clinical comparisons showed a similar efficacy of recombinant and plasma HB vaccines47. Vaccination recommendations are stronger in the USA than in Europe and therefore it can be assumed that vaccination rates and use of HB vaccines are stronger there48.



47 48



Stephenne 1988 Interview GSK
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2.4.2.1



Impact on EU level



Table 2-4:



Social impact



Phenomenon



Indicator



Value



Comments



Infection with HBV



Change in incidence of symptomatic HBV infection between 1985 and 1990



10.16 vs. 7.19 infections per 100000 capita



strong decrease in incidence, influence of biotechnol. production unclear



Mortality due to HB infection



Change in mortality due to HB malignant neoplasm of liver and intrahepatic bile ducts



3.38 vs. 3.81 deaths per 100000 capita



increase in mortality, influence of biotechnological production cannot be assumed



First-generation HB vaccines needed blood plasma from patients chronically infected with HBV, which was a restricted resource; this made the production relatively expensive. The recombinant method allowed the production of virtually unlimited quantities of HB vaccine49, which led to better supply with the vaccine for larger groups of the population. Figure 2-1 presents the changes in HB epidemiology between 1985, the last year before the first recombinant HB vaccine was introduced, and 1990, after the transition to recombinant HB vaccines was (nearly) over but well before mass vaccination was recommended by WHO in 1992. In the EU, the incidence of symptomatic HBV infection decreased from 10.16 infections per 100,000 capita to 7.19 between 1985 and 1990 (WHO Euro HFADB). This strong reduction could also be shown for nearly all EU Member States, with the Eastern European Member States generally starting from a higher incidence rate. Figure 2-1:



Changes in HB epidemiology Viral hepatitis B incidence per 100000 Poland Lithuania Latvia Slovakia Czech Republic EU Estonia Italy Slovenia Portugal
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Source: WHO Euro Health for all database50; no data available for Spain, Luxembourg, Hungary, and France 49 50



Stephenne 1992 http://data.euro.who.int/hfadb/
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Between 1985 and 1990, the mortality due to malignant neoplasm of liver and intrahepatic bile ducts increased from 3.38 to 3.81 per 100,000 inhabitants, an increase by 5904 cases (from 12,120 to 18,024 cases, Figure 2-2). The trend has continued to 20,071 cases in 2004, but it is partially due to higher reporting rates (WHO Euro MDB). However, only a part of the cases is due to HB, and due to long and unknown time periods between infection and development of liver cancer, this figure cannot validly be used to estimate social and economic burden of the disease. The strains for the patients who donated plasma for the production of HB plasma vaccine can be avoided by the biotechnological production. Figure 2-2:



Changes in mortality due to liver cancer



SDR, Malignant neoplasm and intrahepatic bile ducts, per 100000 Poland Hungary Italy Slovenia France Finland EU Czech Republic Spain 1990



Sweden Austria
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Source: WHO Euro European Mortality database51; no data available for Cyprus, Denmark, Estonia, Latvia, Lithuania, and Slovakia



2.4.2.2



Summary of impact in US and JP



As the USA and Japan also have finalised the transition from plasma to recombinant HB vaccine, no different trends can be found for these countries. 51



http://data.euro.who.int/hfamdb/
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In Japan, as in the West, hepatitis B is now the main “cause” of hepatocellular carcinoma52. Annual incidence of acute hepatitis B in 2004 was 0.19 per 100,00053. Hepatitis B vaccine was licensed for use in the United States in 1981 and became commercially available in 1982. Despite the availability of hepatitis B vaccine, the incidence of hepatitis B continued to rise until 1985, when a steep decline (67 % from 1990 to 2002) in incidence began. From the mid 1980s to the early 1990s, there was a decline in the incidence of hepatitis B among men who have sex with men, health care workers, and injection drug users. Only the decline in incidence among health care workers could be attributed to hepatitis B vaccination54. With 6,212 acute, symptomatic cases reported nationwide, the overall incidence rate of acute hepatitis B in 2004 was 2.1/100,000. This rate is the lowest rate recorded and represents a decline of more than 80 % since 1985 when incidence peaked at 11.5/100,000. From 1999 to 2003, rates declined relatively slowly (average 2 % per year) but between 2003 and 2004, declined by approximately 19 %. If asymptomatic infection and underreporting are taken into account, estimated new infections in 1985 were 287,000 (120.35 new infections per 100,000 population and 11.5 acute symptomatic cases in 100,000), in 1990 232,000 (92.75 new infections per 100,000 population) and in 2005 51,000 (18.12 new infections per 100,000 population55,56). Since 1999, a comprehensive strategy has been developed and implemented for achieving the elimination of HBV transmission in the United States. The primary elements of this strategy are: universal vaccination of infants beginning at birth; prevention of perinatal HBV infection through routine screening of all pregnant women for hepatitis B surface antigen (HBsAg) and the provision of immunoprophylaxis to infants born to HBsAg-positive women or to women of unknown HBsAg status; routine vaccination of previously unvaccinated children and adolescents; and vaccination of previously unvaccinated adults at increased risk for infection (including health care workers, dialysis patients, household contacts and sex partners of persons with chronic HBV infection, recipients of certain blood products, persons with a recent history of multiple sex partners or a STD, men who have sex with men, and injecting drug users). The incidence of hepatitis B has declined dramatically since implementation of this strategy57.



2.4.3



Environmental impact



The production of plasma HB vaccines was technologically complex and included gaining the antigen from patient’s blood and purification and chemical inactivation of the raw material. Complex technological purification is also necessary to extract the vaccine agent from the yeast in which it is produced nowadays. To ensure the safety of the product, plasma-based vaccines had to be tested in chimpanzees, which was ecologically and ethically problematic58. 52



Wong, Goh 2006 own calculation from Infectious Disease Surveillance Center (2006): Hepatitis B as of July 2006, Japan. In: Infectious Agents Surveillance Report, 27 (9). and Statistics Bureau, J.M.o.I.A.a.C. (2006): Population Estimates. Online: http://www.stat.go.jp/english/data/jinsui/2.htm (Accessed: 10. Oct. 2006). 54 Centers for disease control and prevention 2003 55 Centers for disease control and prevention (2005): Disease Burden from Hepatitis A, B, and C in the United States. Online: http://www.cdc.gov/ncidod/diseases/hepatitis/resource/PDFs/disease_burden.pdf (Accessed: 9. Oct. 2006). 56 own calculations based on data from US Census Bureau (2006): Population: 1960 to 2004. Online: http://www.census.gov/compendia/statab/tables/06s0002.xls (Accessed: 9. Oct. 2006). and US Census Bureau (2006): 2005 Population Estimates. Online: http://factfinder.census.gov/servlet/DatasetMainPageServlet?_program=PEP&_lang=en (Accessed: 9. Oct. 2006). 57 Centers for disease control and prevention 2006 58 Stephenne 1988 53
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Therefore, except minor chemical waste that can be avoided with the new production methods, no other environmental effects can be identified for changing the production from traditional to biotechnological processes. Figure 2-3:



Incidence of acute HB in the USA



Source: Centers for disease control and prevention (2006): Hepatitis Surveillance Report No. 61, Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease Control and Prevention.



2.5



Summary and Conclusions



2.5.1



Introduction



Infection with the hepatitis B virus (HBV) is relatively common in the industrialised world. About 95,700 new infections take place in the EU every year. Most infected persons stay asymptomatic but can develop liver cirrhosis and liver carcinoma. First-generation hepatitis B (HB) vaccines, the so-called plasma vaccines, are still in use in some parts of the world, but have been totally replaced in the industrialised countries by vaccines produced in recombinant yeast since 1986. The production of plasma HB vaccines was technologically complex and included gaining the antigen from patients’ blood and purification and chemical inactivation of the raw material. Recombinant vaccines are produced in yeast, are free from human plasma particles and therefore potential contamination of the vaccine with infectious material is excluded59. The last plasma vaccine was taken from the USA market in 1990 and in the EU in 1991. Because the transition from traditional to biotechnological production of HB vaccines has been finalised nearly 20 years ago, no actual economic data e. g. on direct changes in em59



Hartmann, Keller-Stanislawski 2002
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ployment caused by the change from traditional production processes to biotechnology can be presented; the historically found differences in market performance of the products, employment for development and production etc. are confounded with other framework conditions, as particularly changes in health care systems and vaccination strategies, as well as the general economic trends. Together with the availability of recombinant technology, the transition away from human blood plasma as source for the antigen was mainly founded in rising fears that plasma vaccine might be contaminated with remaining active HB and other, e. g. HI viruses. This fear was generally unfounded as the inactivation of plasma antigen worked safely, but considering the lack of other, e. g. technological or economic reasons for the transition, this fear seems to be the main cause for the introduction of biotechnological methods in HB vaccine production.



2.5.2



Significance of impact



The worldwide hepatitis B Vaccine market was over € 530 million in 2001 and growing at the rate of 15 % per annum60. Since the introduction of recombinant vaccines, competition in the market of HBV vaccines rose. Although the technological knowledge as well as the genetically modified yeast strains are necessary, biotechnological production of HB vaccines may now even be less complicated and costly than traditional production from plasma. The sales prices, however, have remained on the same level. The share of biotechnologically produced HB vaccines of all HB vaccines is now 100 % in the industrialised countries, and therefore all respective employees work in the biotechnology sector. Accordingly, the share of biotechnology revenues out of total revenues for firms producing HB vaccine in the EU25 is also 100 %. Probably due to easier production methods and rising biotechnological knowledge, the number of companies producing HB vaccine has increased. The introduction of recombinant HB vaccine in the second half of the 1980s was not caused by economic reasons, but was fuelled by the fear of viral contamination of blood products in general and plasma vaccines in particular and the availability of recombinant technology. The transition had no significant economic effects, e. g. regarding prices or market development, but contributed to (at least perceived) safer products, and therefore probably to higher rates of vaccination in the populations and lower incidence of HB infection and the resulting diseases. However, these effects cannot be disentangled from other framework conditions and cannot be captured in numbers. The demand strongly increased caused by the introduction of public vaccination programmes. The social and economic effects of vaccination programmes depend on the underlying prevalence of the disease: the higher the prevalence, the cheaper to avoid one new case. The costs of vaccination programmes on the one side and costs of HBV infections and resulting treatment of sequelae also highly depend on the structure of the national health care system and therefore cannot be generalised from national studies to other countries or to the EU level. Depending on the vaccination strategy, van Damme et al.61 compute costs of € 7,071 or € 9,601 per infection prevented for the WHO European Region. Under the premise that HBV infection rates, effectiveness of vaccination programmes and costs for treatment of HBinduced diseases are similar in the EU Member States, for the EU25 with a population of 457 million and an incidence of 3.49 cases of HB per 100,000, i. e. 15,949 cases per year, this would mean annual costs between € 113 million and € 153 million to prevent all symptomatic HBV cases in the EU population. 60 61



SciGen Ltd. 2006 Van Damme et al. 1995
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Between 1985 and 1990, incidence of symptomatic HBV infection between 1985 and 1990 showed a strong decrease from 10.16 to 7.19 infections per 100,000 capita, but the mortality due to HB malignant neoplasm of liver and intrahepatic bile ducts increased from 3.38 vs. 3.81 deaths per 100,000 capita in the actual EU Member States. However, the influence of biotechnological production on incidence is unclear for infection rates and cannot be assumed for the changes in mortality. Actual figures show high differences between EU MS with a larger average number of 4.13 infections per 100,000 capita in the New Member States and 3.49 in the whole EU62. Since 1992, WHO recommends mass vaccination of all children, which has found its way in many national vaccination policies. Except minor chemical waste that can probably be avoided with the new production methods, no environmental effects can be identified for changing the production from traditional to biotechnological processes.



2.5.3



EU/non-EU comparison



As the USA and Japan also have finalised the transition from plasma to recombinant HB vaccine, no different trends can be found for these countries compared to the EU. European companies are world market leaders. 11 European, 13 US and five Japanese companies are active in R&D or production of prophylactic HBV vaccines. Compared to 10 products from three EU companies on the market, two of these companies being world market leaders, four marketed products originate from four US companies and 6 marketed products from five Japanese companies. The pipeline of products in development is distributed differently to the number of marketed products with the US companies having a larger share of products in the pipeline than on the market. 13 of the products in the pipeline are developed by EU, and 12 by US companies. No product is in the pipeline of a Japanese company. Other countries with products in the pipeline are Australia (4 products), South Korea (4), Switzerland (3), India (1), Russian Federation (1), and one product from a non-industrial source. It can be concluded that the production of HB vaccines is concentrated in the EU, whereas in the US relatively more companies are active in R&D only than in production.



2.5.4



Outlook



The replacement of traditional by biotechnological production processes for HBV vaccines has been finalised in the industrialised world in the early 1990s. To date, the production of HB vaccines is nearly totally been done by biotechnology. Accordingly, in the industrialised countries, there is no further industrial trend from production of these products with traditional methods to biotechnological production. The further development now taking place is stepwise innovation within the recombinant products and market development, the latter driven by vaccination policies. According to the product pipeline, Europe is on the same level as the USA regarding number of active companies products in the pipeline, and far ahead of Japan which is not significantly active in this field. Technological trends include e. g. oral immunisation for easier administration of the products or vaccines expressed in transgenic plants63. As in the past, vaccination policies will probably exert stronger influence on the market for these products than technological changes.



62



World Health Organisation European Region 2006 Kong, Q. et al. (2001): Oral immunization with hepatitis B surface antigen expressed in transgenic plants. In: Proceedings of the National Academy of Sciences, 98 (20), 11539-11544. 63
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3



Case study: GM modified insulin



3.1



Introduction



The case study will assess the socio-economic impacts in the EU of the production and use of recombinant or genetically engineered Human insulin for the treatment of diabetes. Insulin is a protein naturally produced by the pancreas and which is vital in the regulation of glucose levels in the blood. The loss of insulin regulatory process results in Diabetes mellitus, a chronic disease which is dramatically increasing worldwide and which has very significant socio-economic consequences. There is no cure, and no known means of effective prevention. There are two main types of diabetes. In Type 1 diabetes, the pancreas fails to produce any or sufficient insulin. This form develops most frequently in children and early adolescents and accounts for 5-10 % of diabetes cases worldwide. In Type 2 diabetes, the body is unable to respond properly to the action of insulin produced by the pancreas. This form occurs most frequently in adults over 40 and accounts for 90-95 % of all diabetes cases. From the early 1920s, when the role of insulin was discovered, until the 1980s Type 1 diabetes was treated using insulin extracted from the pancreas of cattle and pigs. In the early 1980s, human insulin was introduced and is now used by 95 % of Type 1 diabetics in the EU. Daily insulin is vital for Type 1 diabetics. Type 2 patients do not depend on insulin to survive, although approx. 33 % require insulin for reducing their blood glucose levels, particularly in more severe cases. In terms of biotechnology development, the product is significant as it is the first recombinant medical product to receive regulatory approval. As an early GM product it was subject to very significant regulatory attention both in relation to the production process, and also to the efficacy and safety of the product. The clinical and economic relevance of diabetes is described in 3.2.1 - 3.2.2, and the background to insulin use and producers is in sections 3.2.3 - 3.2.5.



3.2



Case description



3.2.1



Background to Diabetes Prevalence and Therapy



There are two main types of diabetes: • Insulin-Dependent or Type 1 diabetes occurs most frequently in children and adolescents and accounts for 5-10 % of diabetes cases worldwide. These patients lose the ability to produce their own insulin but can be treated by regular daily injections of insulin. The incidence of Type 1 diabetes is higher in European populations than in other ethnic groups, and the highest rates are found in Finland and Sardinia. Overall it represents about 8 % of EU diabetics but varies between countries for genetic and lifestyle reasons. • Non-Insulin-Dependent or Type 2 Diabetes usually occurs after 40 and is highly linked to diet and body weight. There is however an increasing number of cases amongst younger age groups and this is clearly linked to a corresponding increase in obesity. These patients become unable to regulate their glucose levels because of development of resistance to insulin. Over 90 % of diabetic patients are Type 2 and occurrence is rapidly increasing. Type 2 patients do not depend on insulin to survive, although approx. 33 % require insulin for reducing their blood glucose levels, particularly in more severe cases. Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 29 of 179



•



There are also rarer, and usually temporary, situations in which diabetes may occur such as gestational diabetes during pregnancy (2-5 % of cases), and also due to the effects of illness, surgery etc (2 % of cases).



There are over 150 million cases of diabetes in the world and the number is projected to more than double by 2025 (WHO 200264). Because of the very high costs, it is widely regarded as one of the most critical issues facing health care systems. Reasons for the increase include obesity (linked to unhealthy diet and sedentary lifestyles), ageing, population growth, and changing diets in developing countries. The majority of diabetic patients in developed countries in 2025 will be aged >65 years, while the majority in developing countries will be aged 45-64 (i. e. more economically active). Precise figures for numbers of diabetes sufferers are complicated because of the relatively high numbers of Type 2 Diabetics who are not diagnosed, at least in the early stages of their disease. However, in Europe (total of 51 countries), there were over 33 million cases of diabetes recorded in 2000 (WHO 2002). A more recent estimate by the International Diabetes Federation suggests that there are 48 million cases of diabetes in Europe (IDF 200365). Table 3-1 shows the 1998 estimations of diabetes sufferers in the major Western EU countries. Almost all Type 1 diabetics are diagnosed, while success in Type 2 diagnosis is variable, particularly in the early stages. Table 3-1 illustrates the high levels of Type 1 diabetes in the Scandinavian/Nordic countries. Table 3-1:



Number of reported diabetes cases (W.Europe), 1998



Germany Italy UK Spain France Belgium The Netherlands Denmark Finland Norway Sweden Austria Greece Portugal Switzerland Republic of Ireland European Total



Type 1: ('000) 200 100 200 230 70 35 50 20 40 20 45 10 50 65 50 9.5 1,194.50



% 4.4 4 13.3 15.3 4.9 8.8 10 16.7 23.5 16.7 14.8 4.8 10 13 10 10 8.1



Type 2: ('000) 4,300 2,400 1,300 1,270 1,350 365 450 100 130 100 260 200 450 435 450 82 13,642



%



Total



96.0 96.0 87.0 85.0 95.0 91.0 90.0 83.0 76.0 83.0 85.0 95.0 90.0 87.0 90.0 90.0 92.0



4,500 2,500 1,500 1,500 1,420 400 500 120 170 120 305 210 500 500 500 91 14,836



Source: Frost & Sullivan 1999



64



Diabetes mellitus. Fact Sheet No. 138. World Health Organisation 2002. www.who.int/mediacentre/factsheets/fs138/en/print.html (Accessed 15/04/06) 65 Diabetes Atlas. International Diabetes Federation 2003. www.idf.org/e-atlas (Accessed 15/04/06)
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The major growth in diabetes and its expected continued rise have caused significant concern among health care providers and planners. A Novo Nordisk report on diabetes66 states that a major difficulty is in the treatment regime for diabetics (mainly Type 2 diabetics). It suggests that only a small proportion (6 %) of patients have a successful treatment outcome. Since dietary restraint is a major component of care, patient compliance is an important factor in this. The case study will deal with recombinant or genetically engineered human insulin produced by a human gene cloned into a bacterium. The competitor products are insulins made by chemical synthesis, and insulin extracted from animals.



3.2.2



Socio-Economic Impacts of Diabetes:



Diabetes is a major health care cost in the EU. Diabetes complications represent 5 % to 10 % of total health care spending and are projected to rise significantly as a result of increasing obesity, and as the average age of the EU population increases67. Complications associated with diabetes are severe and include: • diabetic retinopathy (causes blindness and visual disability); • kidney failure; • heart disease; • diabetic neuropathy (leading to sensory loss, damage to the limbs, impotence); • diabetic foot disease (leading to ulceration and limb amputation). Almost all of these complications require high levels of care and have high cost consequences in terms of loss of economic activity and health care costs. As a result of the increasing prevalence, welfare implications and costs of the disease, the European Parliament has recently called on the Commission and Council to “prioritize diabetes in the EU’s new health strategy as a major disease demonstrating a significant burden across the EU”.68 It is estimated that 4 million deaths per year are related to diabetes (WHO 2002), most of which are premature deaths of economically active individuals. It is difficult to dissociate social costs of the 2 types of the disease. Treatment of diabetes is expensive for both the individuals themselves and for public health sectors and several studies have investigated the direct and indirect costs associated with diabetes. Direct costs include drugs, insulin and supplies, hospital services, physician services, lab tests etc. The largest contributors to direct costs are hospital admissions for treatment of long-term complications (e. g. heart disease and stroke, kidney failure, foot problems). Indirect costs include loss of productivity from sickness, absence, disability, premature retirement or premature mortality. Intangible costs include pain, anxiety, inconvenience, loss of leisure/work time, loss of mobility. Management of diabetes (e. g. insulin injection, self-monitoring) can be time-consuming and inconvenient. E. g. Bjork (2001)69: the direct cost profile of a diabetic patient is U or J-shaped. Costs are relatively high immediately following diagnoses, then fall for a period, but can rise again with the onset of complications in later years.



66



Changing the Costs and Benefits of Diabetes. Novo Nordisk 2005. Bulletin of the European Union 4.2006 68 Written Declaration of the EP. Ref 0001/2006 of 16/1/2006 69 Bjork S The cost of diabetes & diabetes care. Diabetes Research & Clinical Practice 2001; 54 Supplement1 67
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E. g. Medical care costs for diabetic patients in France are approx. EUR 3,048 per person per year, twice the average medical care consumption cost in the French population (Detournay et al. 2000)70. E. g. Williams et al. (2002)71 a UK based study estimated the financial burden of Type 2 diabetes to be just under 5 % of the UK’s national health care budget in 1998.



3.2.3



Insulin: History and Usage



The existence and role of Insulin was first described in 1921 by Banting and Best and resulted in a Nobel Prize award. As a direct result, the therapeutic use of insulin for treatment of diabetes began in 1922. This ‘animal’ insulin was extracted from the pancreas of cattle and pigs. Improvements in the extraction and purification of insulin from animal sources occurred over the following decades. Porcine insulin is very similar to human insulin as there is only one amino acid difference. Beef insulin, although less similar (there are three amino acid differences) has advantages as it is longer lasting than porcine insulin. However, it does sometimes cause some antibody development with prolonged use. Contamination of animal insulin has also been a problem. Research on the clinical impacts of so-called ‘dirty insulin’ in the 1970’s72 caused a significant effort to further improve the purification process of both forms. The molecular sequence of the insulin molecule was described in 1955 and the full molecular 3D structure was finalized in 1964. This led to a greater understanding of the differences between the animal forms, of its metabolic role, and also to the chemical synthesis of the insulin molecule. In 1978 the human gene responsible for production of insulin in the body was identified. Following the development of genetic engineering technology in the early 1970’s, the opportunity to produce a recombinant form of insulin was explored by Genentech (www.genentech.com) which is one of the early US biotech companies. This company cloned a human insulin gene into an E.coli bacterium. The gene expressed the insulin protein within the bacterial cell and this was then extracted and purified. Genentech licensed this technology to Eli Lilly (USA) who conducted the clinical trials and regulatory submissions. Eli Lilly eventually launched the human insulin product in 1983 under the brand name Humulin. The two EU insulin producer companies also launched their brands of human insulin. Human insulin is currently the most available form of insulin worldwide, accounting for 70 % of the worldwide insulin market of € 4.5 billion (Table 3-2). Pork insulin accounts for 17 %, beef insulin for 8 % and pork/beef mixtures for 5 % (International Diabetes Federation 2003). Recombinant insulin is now used by 95 %73 of Type 1 diabetes sufferers in the EU, and a significant proportion of Type 2 sufferers. The EU market for insulin is estimated at € 1.89 billion (see Table 3-3).



70



Detournay B, Fagnani F, Phillippo M, Pribil C, Charles MA, Sermet C, Basdevant A, Eschwege E. Obesity morbidity and health care costs in France: an analysis of the 1991-1992 Medical Care Household Survey. International Journal of Obesity Related Disorders 2000; 24: 151-155. 71 Williams R, Gillam S, Murphy M, Holmes J, Pringle M, Bootle S, Bottomley J, Baxter H, Chandler F. The True Costs of Type 2 Diabetes in the UK – Findings from T2ARDIS and CODE-2 UK.. GlaxoSmithKline UK, Uxbridge 2002. 72 E. g. Bloom, Stephen et al (1979) Auto-immunity in diabetics induced by hormonal contaminants of insulin. LANCET. 2: 14-17 73 Frost & Sullivan: European Metabolic Diseases Therapeutics Market 1999.
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Table 3-2:



World market for insulin (2004)



USA Europe Japan Rest of the World Total



% of World Insulin Market 47 42 8



World Market (€ mio.) 2,115 1,890 360



3



135



100



4,500



Source: IMS data quoted in FranceBio Report “Impact of biotechnology products on quality of life and longevity” accessed at www.bioimpact.org



Figure 3-1:



Table 3-3:



Types of insuline available around the world



EU insulin market: revenue estimate 2005 (€ m) Germany Italy UK Spain France Belgium The Netherlands Denmark Finland Norway Sweden Austria Greece Portugal Switzerland Republic of Ireland European Total



626 109 242 148 154 89 111 26 36 26 66 8 22 22 22 4 1711



In 1999, F&S estimated the 2005 European market for insulin as 1.711 billion € (US$ 2.03 billion).74 IMS data (Table 3-2) suggests that it was € 2.115 billion in 2004. 74



Frost & Sullivan: European Metabolic Diseases Therapeutics Market (1999).
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Human insulin became available in the new EU Member States at more or less the same time as the rest of Europe. The situation in these states is now effectively identical to the rest of the EU.75 A survey of 11,000 patients in 8 new Member States76 showed that the prevalence of Type 1 and Type 2 diabetes is similar to that in central Europe (e. g. Austria). Prevalence of Type 1 is about 10-15 % of the population. Animal insulin is now used by less than 1 % of diabetics and is declining. All of the major producer companies are active in these markets. As elsewhere, insulin analogues are now becoming more widely used, discussed in more detail below. In summary, there are no specific issues or parameters which distinguish the new Member States from the remainder of the EU. The clinical value of human insulin is discussed in Section 3.2.4. Although the clinical efficacy of recombinant human insulin is not significantly different to pig insulin there are advantages in terms of safety (see 3.2.4). For patients who prefer not to consume animal products, whether for religious or ethical reasons, a particular advantage of human insulin could be that it is not derived from animals. A further point of direct relevance is that the use of recombinant technology for the production of human insulin instigated the process of development of insulin analogues. These are insulin molecules which are modified to vary their rate and duration of activity. These products have benefits for diabetes Type 1 sufferers, and are a further impact of biotechnology (see 3.2.5).



3.2.4



Insulin – Clinical Applications



Insulin is vital for most Type 1 diabetes patients. They generally have disease onset during childhood or early adolescence. Although lifestyle and diet management can be used to alleviate the condition, most will eventually require insulin throughout their lives, usually by daily injection. Insulin is also used by a proportion of Type 2 sufferers, particularly in the more severe stages of the disease when dietary and weight-loss approaches have not succeeded or have not been complied with. The usage of insulin by Type 2 diabetics varies between countries due to medical practice, degree of compliance and other factors. A high proportion of Type 2 diabetics in the USA use insulin, for instance. When human insulin was first proposed, the substitution of an animal-derived protein for a human ‘nature-identical’ protein seemed to be inherently advantageous. However, early clinical trials comparing human and animal insulins reported no significant differences in metabolic control or in frequencies of symptomatic hypoglycaemia, and the symptom profiles in diabetic patients were very similar. Later clinical reports showed that a minority of diabetic patients experienced problems in converting from animal insulin to human insulin. These patients reported a loss of the warning symptoms for hypoglycaemia, leading to higher frequencies of severe hypoglycaemia. While other studies found no evidence of this, some early concern was raised amongst doctors and insulin-dependent patients. Although this effect has been investigated, no scientific basis for it has been found. These patients can continue to use animal insulin or adapt to human insulin. Richter and Neises (2005)77 reviewed randomised controlled clinical trials of human versus animal insulin (where trial duration was at least one month). Out of 45 trials reviewed, no study suggested the existence of an important difference between animal and human insulin with regard to hypoglycaemic events. These findings are in line with those of a previous sys75 Based on an interview and survey data provided by Prof. Laszlo Madacsy MD PhD DSc, EU Board member of International Diabetes Foundation, and former President of Hungarian Diabetes Association. 76 Survey results are being prepared for publication by Prof. Laszlo Madacsy: Cyprus and Malta were not included 77 Richter B, Neises G. ‘Human’ insulin versus animal insulin in people with diabetes mellitus. The Cochrane Database of Systematic Reviews 2005, Issue 1. www.thecochranelibrary.com (Accessed 15/04/06)
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tematic review (Airey 200078) on the same subject, which suggested that there are no significant differences in effects on hypoglycaemia between human and animal insulin. These researchers therefore conclude that human insulin was “introduced without proof of being superior to animal insulin” (Richter and Neises 2005: 8). The trials investigated in these reviews focused on clinical outcomes and none of the studies reviewed by Richter and Neises (2005) assessed quality of life, costs or socio-economic effects of human versus animal insulin. Interviews with clinicians and others suggest that the impact of biotech on diabetes care has been positive. Although the general clinical advantages are not major, there are significant safety advantages in avoiding risks of immune reaction and of contamination. Animal insulins are foreign proteins and can cause antibody development which can lead to an effective insensitivity to insulin by the patient. This is not common with pig insulin which is the major animal insulin used, but can occur with bovine insulin. In addition, animal extracts always present the possibility of contaminants. Prof Pierre Lefebvre represented a widespread view among clinicians in stating that “Human insulin is cleaner and safer than anything extracted from animals” and we are on “safer ground” with human insulin than with the extracted forms.79 For these reasons, in the developed world, human insulin has almost entirely substituted for the animal insulins which were used before its availability. World Health Organisation guidelines state that there should be no taxes on insulin although taxes continue to be levied on insulin in a number of countries. The IDF reports that in 12 out of 31 European countries, taxes were added to the price of insulin (IDF 2005). There is a cost difference between human and animal insulin. Animal insulin is cheaper than human insulin in all countries where both are available. Using 2003 data (IDF 2003) in Europe, the median cost of a box of 10ml vial of U-100 human insulin was € 10.60 (=US$ 14) compared with € 5.30 (=US$ 7) for a similar quantity of pork insulin. A sample of three European countries showed a median cost of € 21.30 (=US$ 28) for beef insulin, this is much higher than recorded in other non-EU countries. There are no specific cost-effectiveness studies on human versus animal forms of insulin. However, the cost of insulin is a very small proportion of the overall costs of diabetes. In a US-based study, insulin and delivery supplies accounted for just 5 % of the total direct and indirect costs of diabetes (type 1 and 2) (American Diabetes Association 2003).80 In contrast, in-patient hospital costs dominate, followed by indirect costs due to lost productivity. Costeffectiveness analyses of different insulin types would therefore need to be seen within this context of the total costs of diabetes care. Finally, there is a continuing concern expressed by the IDF and others about affordability of human insulin for poorer countries, and availability of animal insulin. This is accentuated by the fact that in recent years all of the major insulin producing companies have stopped making animal insulin. Richter and Neises (2005: 2) note that “there is a real threat of shortage of animal insulin especially in developing countries”.



78



Airey CM, William DR, Martin PG, Bennett Cm, Spoor PA. Hypoglycaemia induced by exogenous insulin – ‘human’ and animal insulin compared. Diabetic Medicine 2000; 17: 416-432. 79 Interview with Dr Pierre Lefebvre – President of International Diabetes Federation 80 American Diabetes Association: Economic Costs of Diabetes in the US in 2002. Diabetes Care 2003; 26(3): 917-932.
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3.2.5



Insulin Analogues



Insulin analogues are insulin molecules whose amino acid sequences have been modified so as to affect the duration of its activity in the body. The first-generation recombinant insulins were designed to be identical to human insulin. However, diabetes management requires that insulin be available within the body at different levels depending on metabolic need. Research was therefore initiated to find forms of insulin which could be used for immediate effect, and other forms for long-term use. There are now several such analogue products on the market (Table 3-4). They are used individually or in combination with other insulins to cater for the peaks and troughs of daily insulin need. This is necessary because diabetes patients require insulin with a rapid action in some situations (e. g. before mealtimes), and with a longer-term effect in others (e. g. night-time). Fast-acting insulins, such as Insulin Lispro, Insulin Aspart and Insulin Glulisine are modified by changing the amino acid at position 28 in the insulin molecule. This reduces the tendency of the molecule to self-associate and form oligomers. This makes the insulin analogue molecule immediately bio-available. Fast-acting insulins act from as little as five mins of injection and some last up to 3-4 hours. They are mainly used at mealtimes to cater for the high sugar intake. They are also known as Prandial insulins. Slow-acting insulins, such as Insulin Glargine and Levemir are modified so as to increase their temporary capacity to bind to non-target cells within the body. This has the effect of prolonging their bio-availability. These insulins are also known as basal insulins because of their longer term availability. In the normal pancreas there is a basal low-level secretion of insulin to prevent build-up of blood glucose. Combinations of slow and fast-acting insulins are now used so as to create a treatment regime which can cope with the daily changes in insulin need. The Lantus product, however, cannot be mixed with short-acting insulins, but is used with long-acting insulins. Many diabetes patients now use such combination products and their use is substituting for standard human insulin. In summary, analogues offer diabetics more flexibility in their daily eating and exercise practice, i. e. they provide the ability to live a more normal life. They are rapidly becoming a preferred therapy for diabetics. These analogue products are manufactured by the same recombinant process as human insulin and have been launched by the major insulin companies (see Table 3-4) since the mid-90s. Table 3-4:



Insulin analogue products



Generic Name



Tradename(s)



Producer



First Approval



Action



Insulin Aspart Insulin Detemir



NovoRapid Levemir



Novo Nordisk Novo Nordisk



1999 2004



Short Long



Insulin Aspart, biphasic



Novolog



Novo Nordisk



2001



Short



Insulin Lispro



Humalog/Liprolog



Eli Lilly



1997



Short



Lantus



SanofiAventis SanofiAventis



2000



Long



2004



Short



Insulin Glargine Insulin Glulisine



Apidra



Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 36 of 179



These products have a very significant proportion of the insulin market, although no up-todate and independent data is available. IMS Data (quoted in the French ‘BioImpact’ Report81) shows that in August 2004 analogues and analogue/insulin mixes represented 27 % of the EU market and 51 % of the North American market (Table 3-5). However, this data does not include figures for Levemir and Apidra (Table 3-4) where were launched in that year. Table 3-5:



Insulin analogue market data Market Share % Product



Tradename(s)



Europe



North America



Insulin Lispro



Humalog/Liprolog



10



22



Insulin Aspart



NovoRapid



5



3



15



25



Humalog Mix



6



11



Novomix



1



1



7



12



Total Rapid-acting Analogues Mixes of Rapid-acting and Human insulin Total Mixes Insulin Glulisine



Apidra



N/A



N/A



Insulin Glargine



Lantus



5



13



Insulin Detemir



Levemir



N/A



N/A



27



51



Total Analogues



It is widely expected that analogue insulins will dominate the insulin market because of their advantages to the patient. Vasquez-Carrera & Silvestre (2004)82 for instance note their ‘potential to significantly improve long-term control over blood glucose in diabetic patients’. An indication of their market growth can be seen from Novo revenues of analogue products. From zero revenues of analogues in 2001, current revenues total over 375 million €. Levemir, launched in 2004, represents 12 % of this growth. HSBC 83 also noted in 2005 that the human insulin market in the US could plateau and maybe even decline over the next 3 to 5 years and cite the ‘continued switch to newer insulin analogues’ as being the major source of revenue growth for the current producers of insulin products. France Biotech also note “Insulin analogues (both rapid and long -acting) command a significant share of the insulin market…. and this share will increase rapidly” 82 The changing fortunes of the major insulin producers (see 3.2.6) in the analogues market is shown in Figure 3-2.This shows that Eli Lilly, although first to launch an insulin analogue product (see Table 3-4) have gradually lost market share relative to the other producers, although the overall market is also rapidly increasing. Although all of the products in Table 3-4 are approved for sale in the EU, an interesting recent development is the restriction on the use of Rapid Analogues for the treatment of Type 2 Diabetes by the German Health Insurance Agency GKV. This decision followed a study of literature and other sources by QWIG (Institute for Quality and Efficiency in Health Care). Their 81



FranceBio Report “ Impact of biotechnology products on quality of life and longevity” accessed at www.bioimpact.org 82 Vasquez-Carrera, M. & JS Silvestre (2004) Methods Find Exp Clin Pharmacol. 2004;26(6):445-61. 83 HSBC Global Research: Diabetes – Competition Intensifying. Novermber 2005.
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report84 notes that “this systematic analysis of randomised long-term intervention studies did not provide evidence of an additional patient-relevant benefit of rapid-acting insulin analogues” compared with Human insulin in Type 2 diabetics. It concludes that ‘for patientrelevant outcomes, there is no convincing evidence of a superiority of rapid-acting insulin analogues compared with RHI in diabetes mellitus type 2 therapy. Rapid-acting insulin analogues have not been sufficiently investigated with regard to their potential long-term beneficial and harmful effects”. As a result, of this study, the G-BA has restricted reimbursement of the cost of rapid insulin analogues for Type 2 diabetic patients. Other than in specifically defined clinical situations, these products will only be reimbursed if their cost is not higher than human insulin. In making the decision, the G-BA noted that they could find no additional advantage that would justify the significantly higher price of short-acting analogues. Figure 3-2:



Share of analogues market among major insulin producers85 Share of Analogues Market among Major Insulin Producers 86



The significance of this decision is difficult to fully assess. Firstly, it is unclear what proportion of revenues of rapid analogue products is derived from Type 2 diabetics, although it is clearly significant. The major criticism in the study relates to an absence of data. The producers of rapid analogues may therefore be able to conduct studies which will provide the data necessary to restore reimbursement status to the drug. The need for further research on analogues has also been highlighted by a UK study87 on Insulin Glargine conducted by the UK National Health Service. The study concluded that “insulin glargine is cost-effective in type 1 patients … and borders on cost-effectiveness in type 2 patients.“ However, it also noted that the studies on which this conclusion were based on clinical trial results and noted that it was “unclear how far the protocols of the clinical trials are generalisable to how people with diabetes would use insulin glargine in practice“. They recommend that 'further research on the economics of insulin glargine in a realistic practice setting would be beneficial’. 84



‘Rapid-acting insulin analogues for the treatment of diabetes mellitus type 2’. Report for QWIG (Institute for Quality and Efficiency in Health Care) Germany. 12 April 2006 85 From Novo Nordisk Investor presentation on first 6 months of 2006. 86 From Novo Nordisk Investor presentation on first 6 months of 2006. 87 Warren E, Weatherley-Jones E, Chilcott J, Beverley C. Systematic review & economic evaluation of a long-acting insulin analogue, insulin glargine. Health Technol Assess 2004;8(45).
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3.2.6



Human Insulin Producers



The recombinant production of human insulin can be divided into three phases: • Fermentation – A bacterium E. coli (or yeast S. cerevisiae) into which the gene for human insulin has been inserted is grown in large-scale culture in a fermenter. These microorganisms produce the insulin precursors. • Separation – When the growth phase is complete, i. e. the fermentation stage is finished, the insulin is separated from the cells through a series of separation stages and precleaned. • Cleaning – The product is then taken through several cleaning stages. The end product is extremely pure insulin in crystalline form. This is a classic bioprocessing technique used for production of many recombinant therapeutic and non-therapeutic proteins. The major international companies involved in production of recombinant insulin are: Eli Lilly (which was the first company to launch GM insulin in association with Genentech), Novo Nordisk (DK) and Sanofi Aventis (see Table 3-6). Table 3-6:



Major international insulin producers % EU Market Share88



% US Market Share89



Novo Nordisk



63



23



Kalundborg (Dk)



Eli Lilly



19



74



Virginia (USA)



15



3



Frankfurt (D)



Company



Sanofi Aventis Others



90



Production Base



3



All of these companies (or fore-runners which have merged to create these companies) have been involved in insulin production since the 1920s. Eli Lilly, however, did not sell their animal insulin products in Europe and have only been involved in the insulin market since the introduction of Humulin.The process for recombinant production of insulin is now off-patent and several further companies have entered, or are planning to enter, the market with generic products. These include Biocon (India), Wockhardt (India)91 and Genemedix (UK). There are over 30 individual insulin and insulin analogue products available in EU markets with variation in their nature of manufacture (animal or recombinant), brand and function i. e. • Animal insulin • Recombinant human insulin • Short-acting insulin analogues • Intermediate-acting insulin analogues • Long-acting insulin analogues • Pre-mixed insulins 88



Frost & Sullivan: European Metabolic Disease therapeutics Markets (1999) Frost & Sullivan: U.S. Diabetes Therapies and Complications Markets. (2002). 90 Berlin Chemie (Menarini/Guidotti), CP Pharmaceuticals and Organon. 91 Manufacturers of Wosulin which is already on the market with an injector pen delivery system 89



Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 39 of 179



The current trend is towards greater use of insulin analogues. The nature and advantages of these products is described in 3.2.5. Human insulin produced by all of the competitor companies is, by definition, identical. Until the introduction of analogues (see 3.2.5) the major companies sought to differentiate themselves primarily through the ease of use and efficacy of the delivery devices made available with their products. Improvements in the range and efficacy of products for self-administration of insulin have therefore been a significant factor in the competition between these companies. This has also had a major impact in improving the welfare of diabetes sufferers. Even with the introduction of analogues, the delivery mechanism available for a specific insulin product continues to be a major selling point. The range of these devices includes pre-filled insulin ‘pen’ syringes, insulin jet injectors which force insulin through the skin, and the more recent insulin pumps which administer insulin through a continuous pump attached to the body. Several companies are working on noninjected insulin products which are administered either through inhalation or orally. These products are expected to gradually replace the injected forms of insulin because of their ease of administration by patients. Developments in these delivery devices, and in other approaches to diabetes therapy, are presented in Section 3.5.3.



3.3



Approach



3.3.1



Rationale and description of approach



The case study will review the process of introduction of human insulin onto the EU market and specifically: • The clinical and welfare benefits to patients of its availability. While the study mainly deals with the nature-identical human insulin, it is clear that biotechnology has had a wider impact on diabetes. The introduction of human insulin has created an opportunity to make analogues of the insulin molecule which have significant advantages for many diabetes patients (see 3.2.5). • The economic benefits to the EU of the production of recombinant insulin. Of the three major insulin producers, two produce their insulin in the EU and both export insulin out of the EU. • The potential environmental benefits of substitution of animal-derived insulin with recombinant production. Animal extraction of insulin has environmental consequences, although the effective disappearance of this method of production in the EU means that it has not been possible to make a direct comparison between these two processes.



3.3.2



Sources



Consultations and Interviews in regard to the study include: Prof. Pierre Lefebvre, President, International Diabetes Federation Dr Sylvia Lion, Director Europe, Advocacy and Professional Relations, Eli Lilly Inc. Prof. Laszlo Madacsy MD PhD DSc, EU Board member of International Diabetes Foundation, and former President of Hungarian Diabetes Association Martha Emneus, Novo Nordisk, Copenhagen, Denmark Databases International Diabetes Federation. World Atlas of Diabetes. www.idf.org/e-atlas EMEA database of registered pharmaceuticals
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Documents: The following were the major document sources used in the study: 1. Airey CM, William DR, Martin PG, Bennett Cm, Spoor PA. Hypoglycaemia induced by exogenous insulin – ‘human’ and animal insulin compared. Diabetic Medicine 2000; 17: 416-432. 2. American Diabetes Association: Economic Costs of Diabetes in the US in 2002. Diabetes Care 2003; 26(3): 917-932. 3. Bush, L. Pharmaceutical Technology, July, 2005 4. Business Insights: Market Research Report: Diabetes Market Outlook to 2011 5. Bjork S The cost of diabetes and diabetes care. Diabetes Research and Clinical Practice 2001; 54 Suppl. 1: S13-S18. 6. Bloom, Stephen et al (1979) Auto-immunity in diabetics induced by hormonal contaminants of insulin. LANCET. 2: 14-17 7. Detournay B, Fagnani F, Phillippo M, Pribil C, Charles MA, Sermet C, Basdevant A, Eschwege E. Obesity morbidity and health care costs in France: an analysis of the 1991-1992 Medical Care Household Survey. International Journal of Obesity Related Disorders 2000; 24: 151-155. 8. Eli Lilly Annual Report 2005 9. Frost & Sullivan: European Metabolic Diseases Therapeutics Market (1999). 10. Frost & Sullivan: The Japanese Diabetes Medication Market (1997-2007) pub 2002. 11. Frost & Sullivan: U.S. Diabetes Therapies and Complications Markets. (2002). 12. Frost & Sullivan: European Metabolic Diseases Therapeutics Market (1999). 13. HSBC Research Report: Diabetes – Competition intensifying. Market Research Report. Nov. 2005. 14. International Diabetes Federation. Diabetes Atlas (2003). www.idf.org/e-atlas (Accessed 15/04/06) 15. Novo Nordisk report to Security Exchange Commission. April 2006. 16. Novo Nordisk Annual Report 2005 17. Novo Nordisk (2005) Report: Changing the Costs and Benefits of Diabetes. 18. QWIG (Institute for Quality and Efficiency in Health Care). Rapid-acting insulin analogues for the treatment of diabetes mellitus type 2. Germany. 12 April 2006 19. Richter B, Neises G. ‘Human’ insulin versus animal insulin in people with diabetes mellitus. The Cochrane Database of Systematic Reviews 2005, Issue 1. www.thecochranelibrary.com (Accessed 15/04/06) 20. Sanofi Aventis Annual Report 2005 21. Williams R, Gillam S, Murphy M, Holmes J, Pringle M, Bootle S, Bottomley J, Baxter H, Chandler F. The True Costs of Type 2 Diabetes in the UK – Findings from T2ARDIS and CODE-2 UK. Monograph of studies supported by GlaxoSmithKline. GlaxoSmithKline UK, Uxbridge 2002. 22. Warren E, Weatherley-Jones E, Chilcott J, Beverley C. Systematic review & economic evaluation of a long-acting insulin analogue, insulin glargine. Health Technol Assess 2004;8(45). 23. World Health Organisation: Diabetes mellitus. Fact Sheet No. 138. 2002.



3.4



Results



The introduction of human insulin to the EU has had a range of effects, all of which have been generally positive. In summary: The economic impact for the EU has been significant. Two of the three major international producers of human insulin are EU-based. These companies jointly dominate the EU and Japanese markets and have a significant share of US and other markets. This has resulted in significant export value to the EU, and also to significant employment. These impacts are further described in 3.4.1. The clinical impact has also been positive. Although animal insulins were widely available and effective prior to the introduction of recombinant human insulin, greater perceived safety by clinicians has caused recombinant insulin to be used by over 95 % of EU Type 1 diabetics. Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 41 of 179



In addition, the introduction of human insulin has also opened the door to the development and sale of recombinant insulin analogues. This factor is further described in 3.2.5 and further discussed in 3.4.2. The environmental impact is more difficult to measure. Introduction of human insulin has effectively eliminated the use of the process for extraction of insulin from animal pancreas. Some general issues are discussed in 3.4.3.



3.4.1



Economic impact



The economic impact of human insulin to the EU is very significant. The world market for insulin is dominated by three companies: Novo Nordisk, Eli Lilly and Sanofi Aventis. Two of these (Sanofi Aventis and Novo Nordisk) are EU companies which manufacture their products in the EU. Both companies, or their fore-runners, were active in the production of animal insulin since the 1920’s. Recombinant technology was applied to production of insulin in the late 1970’s by Genentech and was licensed by their US competitor Eli Lilly. Both of the EU companies reacted quickly to introduce competitor recombinant products. This is in contrast to Japan, where local animal insulin producers did not react, and where there is currently no major presence by the Japanese pharmaceutical industry in the domestic insulin market. The consequence of the activity of these two firms is that there is significant employment, and export value related to their activities in insulin production. A profile of these companies and their activities in Human Insulin production and revenues is outlined below:



Novo Nordisk A/S Novo Allé 2880 Bagsværd DENMARK www.novonordisk.com Novo Nordisk employ approximately 22,500 staff in 69 countries (mainly Denmark), and market their products in 179 countries. They are the major international producer of insulin and diabetes products. Nordisk Gentofte, which merged with Novo in 1989, started insulin production in 1923 with extracted pancreas products, and has been a consistent innovator of insulin products and delivery mechanisms throughout its history. Novo Nordisk manufacture 100 % of their insulin in the EU, in Kalundborg in the NW of Denmark in a 7000m2 facility completed in 2004. More than 40 % of the total world insulin output is produced in this plant. The company is also making large investments around the world in fill and finishing facilities, particularly in Chartres in France, Clayton in North Carolina, USA, and in Montes Claros, Brazil. All of these new facilities will receive bulk insulin from the Kalundborg facility for fill, finishing and distribution. Novo Nordisk revenues in 2005 were DKK 33,760 million or € 4,528 million at June ’06 conversion rate. Human insulin revenues accounted for € 2, 011 million, which is approximately 41 % of total Novo revenues, and insulin analogues represent approx 26 %92 . However, revenues of Insulin analogues are increasing at a far more rapid rate than those of normal insulin (see section 3.2.5). Exports of human insulin from the EU amounted to € 1.1 billion in 2005. As Novo staff are not organised by product type, it has not been possible to quantify the staff input to production or revenues of human insulin. 92



Novo Nordisk report to Security Exchange Commission. April 2006.
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An estimate of staff involved in human insulin can be made on the basis of attributing staff in relation to the proportion of revenues. There are certain inaccuracies in this, as R&D staff will logically be less involved in R&D in these established products than in the newer products. Therefore the total R&D staff of Novo (3,000)93 has been deducted from the total number of staff in April 2006 (i. e. 22,556) before this calculation is made. The remaining number of staff (19,556) is then attributed in proportion to the overall revenues of each of Novo’s product areas. The number of employees involved in ‘human insulin and insulin-related revenues’ is calculated at 41 % of this figure, which is 8,018. This figure includes staff in all non R&D areas of Novo operations including production, sales, administration and management. If revenues of insulin analogues are included, the total represents 67 % of total revenues of the company, and approximately 13,100 staff. Table 3-7:



Indicators for Novo Nordisk



phenomenon



indicator



value



comments



Impact of human insulin production on employment



Number of employees involved in human insulin products



8,018



The basis for the calculation is shown above.



Impact of biotechnology on revenues



Share of human insulin product revenues out of total company revenues



41 %



This includes some value which is related to the delivery devices sold with the human insulin product.



Sanofi Aventis Headquarters : 174, avenue de France 75013 Paris, France http://www.sanofi-aventis.com/ Sanofi Aventis is a pharmaceutical company formed in 1994 by the acquisition of the German company Aventis by Sanofi-Synthélabo (Fr). Both of these companies had themselves been created by previous mergers of other pharmaceutical and related companies, several of which were established in the 19th century. On the basis of revenues, they are the largest EU pharmaceutical company and the third largest in the world. The company’s interest in insulin is mainly derived from one of their antecedent companies, Hoechst which began insulin production from animal pancreas extraction in the 1920s. The company has six major product areas of which one is Metabolic Disorders, and which includes the insulin products. Sanofi Aventis production of insulin is conducted in a new facility in Frankfurt, Germany. This site has a long history of insulin production, having begun in 1923 with animal extract insulin by Hoechst. The new plant, completed in 2003, produces three different types of insulin:



• Human insulin • Lantus a slow-acting basal insulin analogue • Apidra a new fast-acting insulin analogue 93



Novo Nordisk Annual Report 2005
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Sanofi Aventis were unwilling to provide specific data for the study. However data were obtained from a variety of market and other reports which provide an indication of the extent of revenues of human insulin by the company. Business Insights94 estimated that the total insulin product revenues by Sanofi in 2005 were US$ 1,695 million (= € 1,397 million) of which US$ 1,490 million (= € 1,212 million) were of the company’s analogue product Lantus. The remaining US$ 206 million (or € 162 million at June ’06 conversion rates) is presumed to be derived from revenues of the human insulin product. As in the case of Novo, the company’s insulin analogue product Lantus is growing rapidly as patients convert from the standard insulin product. The company’s total revenues in 2005 was € 27,311 million95. Revenues of human insulin therefore represent 0.75 % of this total. As in Novo, Sanofi Aventis staff are not organised by product type. Even if the company were willing to provide the data, it may not be possible to obtain an official figure for the numbers of staff employed in relation to Human Insulin. However, an estimate can be made on the same basis of attributing staff in relation to the proportion of revenues, deducting R&D staff as in the case of Novo. The total R&D staff of Sanofi Aventis96 (17,600) has therefore been deducted from the total number of staff in 2005 (i. e. 97,100) before this calculation is made. The remaining number of staff (79,500) is then attributed in proportion to the overall revenues of each of the company product areas. The number of employees involved in human insulin production and revenues is calculated at 0.75 % of this figure, which is 596. This figure includes staff in all non-R&D areas of Sanofi Aventis operations including production, sales, administration and management. If revenues of insulin analogues are included, the total represents 6.2 % of total revenues of the company, and approximately 4,770 staff. Table 3-8:



Indicators for Sanofi Aventis



phenomenon



indicator



value



comments



Impact of human insulin production on employment



Number of employees involved in human insulin products



596



The basis for the calculation is shown above.



Impact of biotechnology on revenues



Share of human insulin product revenues out of total company revenues



0.75 %



This includes some value which is related to the delivery devices sold with the human insulin product.



Eli Lilly and Company Lilly Corporate Center Indianapolis, Indiana 46285 USA www.lilly.com Eli Lilly is a pharmaceutical company formed in Indiana, USA in 1901. They sell a large range of products in 135 countries. Eli Lilly have a strong presence in the market for diabetes therapies and have been selling insulin products since the 1920s. In 1983, they were the first com94



Market Research Report: Diabetes Market Outlook to 2011 Sanofi Aventis Annual Report 2005 96 Sanofi Aventis Annual Report 2005 95
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pany to market GM human insulin which they launched as Humulin. Diabetes care products made up 10 % of Lilly revenues in 2004.97 They currently have four major products in the diabetes therapy field, including Humulin and the insulin analogue product series Humalog. In 2005, the company had revenues of US$ 998 million (= € 812 million) of Humulin and US$ 1,102 (= € 897 million) of their insulin analogue Humalog. The revenues of Humulin outside the USA were US$ 575 million (459 million €) of which an estimated 80 % was sold in the EU. The company was unwilling to disclose the existence or location of any insulin manufacturing activity in the EU. However, public information made available by the company would suggest that all of their insulin bulk manufacture is conducted in the USA. It is not clear whether there is any finishing activity within the EU. It is equally unclear if there is any employment of staff related to their Humulin product within the EU. It is presumed, for the purpose of this case study, that no production activity on human insulin is conducted by the company within the EU. Table 3-9:



Indicators for Eli Lilly



phenomenon



indicator



value



comments



Impact of human insulin production on employment



Number of employees involved in human insulin products in the EU



0



No manufacturing in EU



3.4.1.1



Impact on EU level



Table 3-10:



Overall EU Economic indicators



phenomenon



indicator



value



comments



Impact of human insulin production on employment



Number of employees involved in human insulin products



8,614



Employed by 2 companies



Impact of biotechnology on revenues



Share of biotechnology revenues out of total revenues for firms producing Human Insulin in the EU25



6.8 %



See footnote98



The economic impact of human insulin on the EU has been generally positive. Of the three major producers which dominate the international market for insulin, two are based in the EU – Novo Nordisk and Sanofi Aventis. Both of these companies manufacture all of their human insulin in the EU. This gives rise to significant direct employment which is calculated at approximately 8,164. While production of animal insulin would also have maintained employment, the clear preference of the vast majority of clinicians and patients is for human insulin.



97



HSBC Research: Diabetes – Competition intensifying. Market Research Report. Nov. 2005. This is derived as a % of total human insulin sales of Sanofi Aventis (€162m) and Novo Nordisk (€2,011m) as a proportion of the total sales of both companies i. e. €27,311m and €4,528m respectively 98
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Both of these companies are also active in the development and sale of the insulin analogue products which are gradually replacing human insulin as the preferred therapy for diabetes Type 1, and for certain patients with Type 2. These analogues are also a product of biotechnology in that their discovery and validation process is based on biomolecular techniques, while their production is based on recombinant technology. The human insulin product was the forerunner to these analogues and thus the continued improvement in insulin therapy resulted from the development and clinical success of this product.



3.4.1.2



Summary of impact in US and JP



The clinical impact of human insulin in the USA and Japan has been essentially identical to that in the EU in terms of uptake of human insulin. In both countries human insulin overtook animal insulin usage almost completely. There is no longer any production or sale of animal insulin in the US since Eli Lilly ceased production in 2005. Diabetics who wish to use animal insulin can import the product from abroad with appropriate approvals. In Japan there is one remaining producer of animal insulin – Shimidzu, but with a rapidly declining market. Similarly, in both markets human insulin is now losing market to the insulin analogue products which are becoming available. In terms of producer activity, Novo Nordisk and Eli Lilly are active in all markets. Sanofi Aventis does not address the Japanese market for human insulin, but does sell in the US market. A significant difference in the Japanese market is that there in no domestic producer of human insulin. While Eli Lilly led the way in recombinant insulin, both of the EU producers were close followers when this technology became available in the 1980s. By contrast, none of the Japanese animal insulin producers converted to recombinant technology. The Japanese market for human insulin is therefore currently supplied by foreign firms. In 2002, Frost & Sullivan estimated the total market value at US$ 313 million (= € 287 million), while IMS99 estimated the market at US$ 360 million (= € 330 million) in 2004. The market is dominated by Novo Nordisk with 83 % of the market and Eli Lilly with 16 %100.



3.4.2



Social impact



The major social impact is the availability of human insulin to diabetic patients. While the human insulin has little direct clinical benefit to patients in comparison to pig insulin in relation to controlling diabetic symptoms, there is a wide clinician and regulatory agreement that it is safer. In addition, introduction of human insulin has paved the way for the development of the analogue insulins which are now being increasingly used by diabetic patients throughout the EU. Analogues can offer diabetics more flexibility in the timings of meals, snacks and exercise, helping them lead more normal lives. These analogues use the same basis for production, and apply a range of biotech-based techniques in the process of their discovery, validation and testing (see 3.2.5).



99



IMS data quoted in FranceBio Report “ Impact of biotechnology products on quality of life and longevity” accessed at www.bioimpact .org 100 Frost & Sullivan: The Japanese Diabetes Medication Market (1997-2007) pub 2002.
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The cost benefit of insulin analogues has been the subject of several studies, which are reported in Section 3.2.5.



3.4.2.1



Impact on EU level



Table 3-11:



Overall EU indicators



phenomenon



indicator



value



Uptake of human insulin by Type 1 diabetic patients



% usage



95+



Employment created



Number of EU employees involved in production, administration and sales of human insulin products



8,614



Production of animal insulin would have involved some of these jobs



Impact of biotechnology on revenues



Share of biotechnology revenues out of total revenues for firms producing Human Insulin in the EU25



6.8 %



See footnote101



3.4.3



comments



Environmental impact



There is no direct environmental impact of the introduction of recombinant insulin. The human insulin product has taken over from insulin extracted from animal pancreases. Although there is no specific information available on the environmental consequences of this animal pancreas extraction process, it is likely to have had significant environmental impacts. Due to the fact that it involved extraction of insulin from large quantities of imported animal pancreases and required disposal of a large residue of biological matter. This process has now been completely superseded by the production of insulin using a recombinant process. As the manufacturing process for recombinant insulin involves a GM organism, production is subject to very significant environmental and other regulatory scrutiny. The production process is subject to several EU Directives and is very strictly monitored.



3.5



Summary and Conclusions



3.5.1



Introduction



Insulin is a protein naturally produced by the pancreas and which is vital in the regulation of glucose levels in the blood. The loss of insulin regulatory process results in Diabetes mellitus, a chronic disease which is dramatically increasing worldwide and which has very significant socio-economic consequences. There is no cure, and no known means of effective prevention. There are two main types of diabetes. In Type 1 diabetes (which account for 5 – 10 % of all diabetes) the pancreas fails to produce any or sufficient insulin. In Type 2 diabetes (90-95 % of all diabetes cases) the body is unable to respond properly to the action of 101



This is derived as a % of total human insulin sales of Sanofi Aventis (€ 162m) and Novo Nordisk (€ 2,011m) as a proportion of the total sales of both companies i. e. € 27,311m and € 4,528m respectively
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insulin produced by the pancreas. The role of insulin was established in the 1920’s and Type 1 diabetics were treated with insulin extracted from animal pancreases until the 1980’s when genetically engineered insulin first became available.



3.5.2



Significance of impact



The major impact of biotechnology on diabetes has been the development of a genetically engineered human insulin. Human Insulin is now used by well over 95 % of EU Type 1 diabetic patients, although there is no overall definitive EU figure. Anecdotal information, and the results of a specific survey in eight of the new Member States, suggests the figure is probably over 99 %. Human insulin has had little direct clinical advantages to patients (in comparison to pig insulin) in regard to controlling diabetes. However, there is a wide clinician and regulatory agreement that it is safer both in terms of avoidance of possible immune reactions to animal insulin, and also of avoiding potential contamination arising from the animal origin of the pig insulin. Human insulin has also paved the way for the development of the analogue insulins which are now being increasingly used by diabetic patients throughout the EU. There is significant economic benefit to the EU as two of the three major producers of human insulin are EU companies whose production is based in the EU. Insulin analogues are used by a significant proportion of EU diabetics, and their use (on their own or in mixtures) is increasing rapidly. EU companies are also the major producers of analogue products, which is a further economic benefit to the EU.



3.5.3



EU/non-EU comparison



USA There are no major differences in impact between EU and USA. The USA has a relatively higher number of diabetes sufferers per head of population, and use of insulin for treatment of Type 2 diabetics is also relatively higher. This is mainly because of a higher level of obesity, which is directly linked to the onset and progress of the condition. Insulin usage at high dosage is common in severe cases of Type 2, and this explains the relatively high usage of insulin in the US. In regard to the market, the US market for human insulin is dominated by a US producer (Eli Lilly) which has 74 % of the market. However, EU produced human insulin claims the remainder of the market. Insulin analogues have become very popular in the US market and it is likely that conversion of patients to these therapies will reduce the need for standard human insulin in the future. Eli Lilly has recently decided to halve the size of a manufacturing facility which was in planning in Prince William County, Virginia102 and this decision is linked to a reduction in the market for human insulin. In the insulin analogues market, Novo Nordisk has been very successful in the US market and has recently taken the market leader position from Eli Lilly. The US has also been more active in development of new insulin-based therapies and in development of insulin delivery technologies. For instance, of the 9 companies identified by Frost & Sullivan103 as being active (in 2002) in the development of oral insulin products, only three were EU companies.



102 103



Pharmaceutical Technology, July, 2005 Frost & Sullivan: U.S. Diabetes Therapies and Complications Markets (2002)
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Similarly, Frost & Sullivan identified four companies 104 as active in the late-stage development of inhalable insulin products: Of these, none were EU companies. Japan Japan has historically had one of the lowest rates of diabetes in the world although dietary and lifestyle changes are causing a rapid increase in the rate of occurrence. Type 1 diabetes, however, is of very low occurrence with only 64,000 diagnosed patients, or 2 % of the total diabetes population. Japan is also characterised by having a high rate of undiagnosed Type 2 diabetes sufferers. The total of 3.2 million diagnosed diabetes patients is estimated to include only 45 % of the total number of diabetes sufferers. The Japanese market is overwhelmingly dominated by foreign suppliers, i. e. Novo Nordisk (83 %) and Eli Lilly (16.8 %). The remainder is supplied by Shimidzu, a Japanese animal insulin producer. None of the Japanese animal insulin producers took up the opportunity of recombinant insulin production when the technology was available in the 1980’s. The Japanese pharma industry therefore has no presence in the world market for human insulin, even in their home market. Industry analysts note that entry of any Japanese company into this market would be difficult at this stage of its development.



3.5.4



Outlook



The two factors that operate in the insulin market are the increasing use of insulin by Type 2 diabetics, and the increasing conversion of all diabetics from human insulin to one or a mixture of insulin analogues. While demand for insulin is increasing due to increasing population and the major increase in Type 2 diabetes, the market is also rapidly converting to one of the analogue insulins, or a mixture of analogues, or of an analogue and human insulin. These products have major advantages for patients in that they are longer lasting and can also cope with the mealtime peaks in sugar intake. As clinical and patient experience of these analogues grows, it is expected that their usage will increase and reduce the market for standard human insulin. However, an issue which could significantly affect this outcome is reimbursement. The German Health Insurance agency has recently put a price ceiling on rapid insulin analogues for Type 2 diabetes treatment. This resulted from a study which showed no advantage which justified the additional cost (see section 3.2.5 for further details). If other national health organisations follow suit, it will significantly affect the rise in the popularity of insulin analogues. Both the UK (see section 3.2.5) and German Health Services have noted the need for further research on the cost effectiveness of analogue products. The outcome of such studies will be critical in ensuring that analogues are included in public health reimbursement schemes. In those countries where insulin analogues remain available under state health schemes, the outlook for the next five years is probably for a decline in use of the nature-identical human insulin, and a rise in analogues. Other developments in the insulin market will include further improvements in the method of administration of insulin. These include: Inhalation: Injection has historically been the only feasible route for administration of insulin. However many other potential routes are being explored or have recently become available. One inhalable product, Exubera105 is already available in the EU and several others are in 104



Aradigm, Alkermes, Aerogen and Inhale (some of which are in collaboration with the major insulin producers). Earlier stage companies include Autoimmune Inc., Elan, Provalis and Endorex. 105 Launched by Pfizer (US) in association with several collaborators. See www.exubera.com
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development. Further companies involved in development of products for inhalable insulin include Aradigm, Alkermes, Aerogen and Inhale.106 The Exubera product requires a very high dose of insulin as the uptake by this route is only about 15 % efficient. This highly inefficient use of insulin is regarded by many commentators107 as questionable in a situation where many of the diabetics in third world countries cannot afford insulin. However, the BioSante (USA) inhalable product BioAir, currently in development, claims a 60 % efficiency108. Oral intake: There are also several companies pursuing mechanisms which would allow oral intake of insulin. This can be either through a mouth spray, or a pill which can deliver insulin to the GI tract without degradation in the stomach. One mouth-spray product is the Oral-lyn™ product109 of Generex, a Canadian company which specialises in administration of proteins through an oral device. This product is available in Ecuador, but has not been approved by US or EU authorities. Among companies trialling insulin pills for GI administration are Emisphere (USA) which has trialled their product on Type 2 patients; and Biocon (India) which has obtained the IUP assets of Nobex (USA) following their bankruptcy. Nobex had previously been in partnership with GlaxoSmithKline in development of an oral product. Insulin Pumps: There is a wide range of pumps available for administration of insulin to patients. They are used in situations where injection has failed to provide the required control of hyperglycaemia. They involve a pump system fixed to the body which gradually releases insulin into the bloodstream. They are attractive to patients who seek a high level of control of their condition, and are willing to accept the consequences of attachment to the pump. “Patients make an important trade-off in accepting the long-term attachment to the pump in exchange for better control and a lower risk of complications”110. A limiting factor on usage is that the user requires long-term training in the usage of the pump. It is expected that developments in miniaturisation and microfluidics will enhance the usefulness of this technology in the future. A UK study on pumps concludes „Pumps appear to be a useful advance for patients having particular problems, rather than a dramatic breakthrough in therapy, and would probably be used by only a small %age of patients.“111 Other approaches to Diabetes control: An entirely different approach to diabetes therapy is to obviate the need for insulin administration through the restoration of insulin secretion within the body. Several approaches to this are being researched. One possibility is to restore the secretion capability of the pancreatic Islets of Langerhans cells, which produce insulin. Research by Transition Therapeutics (Canada) on an Islet Neogenesis Therapy112 seeks to restore the insulin-secreting capabilities of the pancreas using a regime of growth factors and gastrin. This technology is currently in Phase 2 clinical trials. A further approach is to transplant pancreatic tissue (or the specific Insulin-producing Islets of Langerhans cells) into the body where it would secrete insulin. Many different approaches to this goal have been researched since the 1960’s with only modest success. Although many significant technical obstacles remain, research in this direction continues.



106



Frost & Sullivan: U.S. Diabetes Therapies and Complications Markets (2002) Including Prof Lefebvre – See Interviews 108 http://www.biosantepharma.com/products/protein_delivery.html 109 http://www.generex.com/products/oral-lyn/ 110 Insulin pump therapy for type 1 diabetes. Proposed criteria for approval. Diabetes Federation of Ireland. 2001. 111 Colquitt JL, Green C, Sidhu MK, Hartwell D, Waugh N. Clinical and cost-effectiveness of continuous subcutaneous insulin infusion for diabetes. Health Technol Assess 2004;8(43). 112 www.transitiontherapeutics.com 107
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4



Case study: Interferon-beta for multiple sclerosis



4.1



Introduction



Immunmodulatory drugs are an important class of recombinant drugs. In fact they rank on the second position after insulin of all genetically engineered drugs. Their revenues contributed to up 30 % of all recombinant drugs sold in pharmacies113. Interferon is one of the most prominent examples of immunomodulatory agents. The market of Interferon beta (IFN beta) reached 2.6 billion € in the leading industry nations in 2005 with 15-20 % growth annually in the last 5 years (IMS Health Data)114. After its discovery in the late 1950s the use of this strong antiviral and immunomodulating agent for treatment only became possible with the development of molecular biology and the application of this technology to the production of drugs. Thus, this case study on Interferon illustrates the effect of biotechnology in therapies for conditions which were previously untreatable and which are now accessible to all patients. However, as Interferon is used for a wide range of conditions, the present case study concentrates on the treatment of Multiple Sclerosis with Interferon Beta. The case study gives an insight into the economic relevance of a new recombinant product, the public health aspects of multiple sclerosis, and the societal effects associated with the therapy with Interferon and its competitors.



4.2



Case description



4.2.1



Background to Multiple Sclerosis



Multiple sclerosis is an autoimmune disease which affects the white matter of the central nervous system (CNS). The nerve fibres of the CNS are covered by a sheath called myelin sheath. This myelin sheath is responsible for the transmission of electrical impulses to the brain. Patients suffering from multiple sclerosis have the myelin sheath damaged at one or more places on the nerve fibres. This inflammatory demyelinating disorder is characterised by remitting or progressive development and neuronal lesions which are disseminated throughout the brain and spinal cord. The lesions cause alterations in the transmission of messages by the nervous system and lead to many symptoms such as loss of memory, loss of balance and muscle coordination making walking difficult; other symptoms are slurred speech, tremors, stiffness, and bladder problems. The exact cause of the disease is unknown. Genetic predisposition is suspected. MS is a disease of young adults. The incidence increases from adolescence to the age of 35 and then decreases again. Since there is no national registry for the disease, no one knows for sure exactly how many people have multiple sclerosis (MS). Most epidemiological studies of MS have been observational and retrospective. Such studies generally rely on an accurate patient reporting of the disease. An estimate based on reporting of MS cases is summarised in Table 4-1. Throughout the world between 1.3 and 2.5 million people are affected. MS affects subjects who live in temperate climates, the prevalence increases from the equator to the pole. Women are affected twice as much as men.



113 114



VFA (2005): Die Arzneimittelindustrie in Deutschland. IMS Health Data (2006): Database search in IMS MIDAS. Retrieval 21.08.2006
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Table 4-1:



Number of reported cases of Multiple Sclerosis (‘000)



United States Japan



366,1 4,5



374,0 4,8



382,2 5,0



390,9 5,3



400,0 5,5



409,7 5,7



420,0 6,0



430,9 6,2



CAGR % (2003 2006) 2,51 4,30



Western Europe Austria Belgium Denmark Finland France Germany Greece Iceland Ireland Italy Luxembourg Netherlands Norway Portugal Spain Sweden Switzerland United Kingdom TOTAL



7,6 11,2 6,6 5,7 56,5 114,7 0,3 5,6 47,4 0,4 14,9 7,6 4,7 28,1 14,0 9,3 79,8 414,1



7,8 11,6 6,8 5,8 58,2 118,3 0,3 5,8 48,7 0,4 15,5 7,8 4,8 29,0 14,5 9,7 82,3 427,2



8,0 12,0 7,0 6,0 60,0 122,0 0,3 6,0 50,0 0,4 16,0 8,0 5,0 30,0 15,0 10,0 85,0 440,7



8,3 12,4 7,2 6,2 61,9 125,9 0,3 6,2 51,4 0,4 16,6 8,2 5,2 31,0 15,5 10,4 87,8 454,8



8,5 12,9 7,4 6,3 63,8 130,0 0,3 6,4 52,8 0,4 17,1 8,5 5,4 32,0 16,1 10,7 90,7 469,3



8,7 13,3 7,7 6,5 65,8 134,2 0,3 6,7 54,3 0,4 17,7 8,8 5,5 32,9 16,6 11,1 93,8 484,3



9,0 13,7 7,9 6,7 68,0 138,7 0,3 6,9 55,9 0,5 18,3 9,0 5,7 33,9 17,1 11,4 97,0 499,9



9,3 14,2 8,2 6,9 70,2 143,3 0,4 7,1 57,5 0,5 18,9 9,3 5,9 34,9 17,6 11,8 100,3 516,1



2,97 3,26 3,17 2,81 3,22 3,31 3,03 3,36 2,88 3,01 3,28 3,16 3,26 3,02 3,20 3,31 3,40 3,22



Eastern Europe Czech Republic Hungary Poland Russia Turkey TOTAL



9,3 11,2 56,0 27,7 104,2



9,6 11,6 58,0 28,9 108,0



10,0 12,0 60,0 30,0 112,0



10,4 12,4 62,1 31,2 116,1



10,7 12,8 64,4 32,4 120,3



11,1 13,3 66,8 33,6 124,8



11,5 13,7 69,5 34,9 129,5



11,8 14,1 72,4 36,2 134,5



3,31 3,22 3,97 3,81 3,79



WORLD TOTAL



1.061,0



1.092,0



1999



2000



2001



2002



2003



2004



2005



2006



1.124,0 1.157,0 1.192,0 1.228,0 1.265,0 1.304,0 3,06 Note: All figures are rounded; the base year is 2003. Source: Frost & Sullivan



There is some dispute regarding the number of newly diagnosed cases of MS each year. It is estimated that there are approximately 200 new MS patients diagnosed each week in the USA. This translates to a total of approximately 10,000 new MS patients each year. In France 2000 new cases per year are reported. For total Europe, there were an estimated 20,000 new cases annually (Frost and Sullivan 2003)115. The European Map of MS Database (www.europeanmapofms.org) gives the numbers as listed in Table 4-2. Table 4-2:



Incidence of MS Country



Incidence (cases per 100,000)



Austria



3



Belgium



4.2



Bosnia-Herzogowina



5



Bulgaria



1.03



Czech Republic



1.5



Denmark



5.9



Finland



5



115



Frost and Sullivan (2003): Strategic Analysis of the European Therapeutic Monoclonal Antibodies Markets #3884-52
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Country



Incidence (cases per 100,000)



Germany



2.85



Greece



4



Hungary



9.82



Italy



2.75



Latvia



4



The Netherlands



3.5



Norway



5.5



Poland



2.16



Romania Serbia and Montenegro



2 2.2



Slovakia



3



Slovenia



2.3



Spain



3.8



Sweden



5



Switzerland



5



United Kingdom



6



United States



4



Source: www.europeanmapofms.org



Additionally, there is also some evidence to suggest that the number of newly diagnosed MS patients is on the rise, especially among women. In the early 1980s, a prevalence rate in the range of 60 to 90 cases per 100,000 women was reported in the USA. By the mid-1990s, this had increased to a reported 100 to 140 cases per 100,000. Interestingly enough, a concurrent rise in MS prevalence rates among men was not observed over this time period. Multiple sclerosis (MS) typically is categorised by one of four disease subtypes: benign, relapsing-remitting, secondary-progressive, and primary progressive. A fifth element of the disease, monosymptomatic multiple sclerosis, has recently been identified. This includes patients that are present with a single MS symptom (Frost and Sullivan 2004). Benign MS: About 10 % of all MS patients suffer from a benign form of the disease. Symptoms tend to be mild-to-moderate, do not worsen and often do not lead to permanent disability. This category of patients shows minimal impairment and disability, even after 20 to 30 years. Relapsing-Remitting (RRMS) - Approximately 25 to 30 % of MS patients experience the relapsing/remitting form of MS. Symptoms tend to partially or totally disappear following a relapse but relapses tend to be more frequent than those with the benign form of the disease. Relapses typically last weeks or months, followed by periods of remission which may take up to three to six months. Research suggests that about 85 % of MS patients begin with relapsing-remitting. Most currently available MS drugs are indicated for this type of MS. Secondary Progressive MS (SPMS): This form of MS affects about 40 to 45 % of the patient population. For this group, symptoms tend to remit initially, but return and become more severe over time. Many people that start with RRMS, progress to SPMS (estimates suggest that about half of all patients that have relapsing-remitting MS progress to this phase of the disFramework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 53 of 179



ease within 10 to 14 years of onset). Only one product, Immunex’s Novantrone, is currently approved by the FDA to treat SPMS. Primary Progressive MS (PPMS): Only 10 to 15 % of MS sufferers have the chronic progressive form of the disease. For these people, the disease does not present itself as distinct relapses and remissions but tends to result in permanent loss of certain functions and abilities. For these patients, neurological function deteriorates without periods of remission. In general, this category is characterised by progressive spasticity (stiffness) with weakness of the legs and bladder and bowel dysfunction. It tends to spare the head, neck and upper body. The rate of progression varies. To date, there is no currently approved treatment for this form of the disease. Monosymptomatic MS: For about 5 % of patients, the disease presents itself as a single isolated, neurological event suggesting demyelination. The analysis suggests that 75 % of all MS patients suffer from either the relapsing-remitting or secondary-progressive form of the disease.



4.2.2



MS Therapy Options



Prior to the development of biotechnological drugs the therapy option was an induction of accelerated recovery of nerves by corticoids. Interferon beta was the first drug with effects on the progression of MS. The mechanism of action is explained by the repression of inflammatory processes in the body, especially by the activation of T lymphocytes, a repression of the secretion of pro-inflammatory cytokines and the hindrance of pro-inflammatory lymphocytes penetrating through the blood-brain barrier. Currently there are three Beta IFNs on the market: Avonex (IFN β-1a) marketed by Biogen IDEC (USA), Rebif (IFN β-1a) marketed by Serono (Switzerland) and Pfizer (USA), and Betaseron/Betaferon (IFN β-1b) marketed by Schering (Germany) and Chiron (USA). The Interferons are still the most commonly prescribed drug class. They are considered as the first line therapy in RRMS and there is also evidence for their use in SPMS. New indications include early treatment after the first attack and possible benefits in PPMS. Avonex (Interferon beta-1a) is the most prescribed treatment for MS worldwide and is Biogens most important product. It was launched first in the U.S. in 1996 for the treatment of relapsing forms of MS. European approval and launch followed a year later. More than 120,000 patients worldwide are now on Avonex therapy, which is marketed internationally in more than 65 countries. As in the US, Avonex was granted Orphan Drug Status it dominated the market, generating revenues of over US$ 1 billion in 2002. After the Orphan Drug status expired in 2003 Serono`s Rebif was launched in the USA. This led to a reduction of market share of Avonex in the USA. Annual treatment with Avonex costs between € 9,600 to € 10,400 (Frost and Sullivan 2003). Serono, Europe's largest biotech company, markets Rebif (Interferon beta-1a) for the treatment of multiple sclerosis. The drug was approved in Europe in 1998. Rebif accounts for over 40 % of Serono's product revenue and controls approximately 30 % of the MS market outside the United States. It is the fastest growing MS drug in Europe, with revenues increasing by approximately 85 % in 2000. Treatment costs are high throughout Europe. For example, in the UK, annual treatment cost equates to approximately € 16,080 per patient per year. Rebif had revenues of € 57 million in the US (2002), with worldwide revenues of € 408.8 million. Annual average cost of treatment with Rebif costs approximately € 10,400 for the lower dose and € 13,600 for the higher dose (Frost and Sullivan 2003). Schering´s Betaferon (Interferon beta-1b) was launched on to the European market in early 1996 and is indicated for the treatment of relapsing remitting MS and secondary progressive MS. An independent comparative trial of Betaferon and Biogen's Avonex, suggests that the former product is a more effective treatment for relapsing-remitting multiple sclerosis (RRMS). Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 54 of 179



Betaferon was better at reducing relapses and improving disability in RRMS patients. Betaferon revenues have suffered because of intense competition, and in order to try and win back market share, Schering have introduced autoinjectors, easy to use automated devices which are said to reduce the unwanted side effects of standard injections and simplify the injection process. Betaject and Betaject Light will be made available to MS patients in over 15 European countries. Schering have also had their room temperature stable form of Betaferon approved in Europe at the end of 2002. Since this product form can be stored at room temperature for up to three months and does not need to be refrigerated greater flexibility is allowed. Annual cost of treatment with Betaferon equates to approximately € 8,800 (Frost and Sullivan 2003). There are currently three alternative therapy options. The first is glatiramer acetate (Copaxone ®) which is produced by Teva (Israel) and Sanofi-Aventis (France). This product is a synthetic polypeptide which resembles the structure of Myelin. It is assumed that it acts as competitor to the myelin proteins and deviates the immune response. Copaxone, indicated for relapsing remitting MS, was approved for marketing in the U.K. in August 2000 under the mutual recognition process by Teva (Israel), and launched in December. Over 4000 patients in Europe have already been receiving treatment with Copaxone for several years through different programmes. In May 2001, the company announced results from a six year, open label study into the treatment of Copaxone in MS. The study, which is the longest ever MS treatment trial revealed that early treatment with Copaxone could decrease the risk of permanent disability. Delayed therapy was associated with an increased risk of disability as shown in all measures of the expanded disability status scale (EDSS). 69 % of the patients treated with Copaxone for 6 years, showed neurological improvements of at least one EDSS step or remained stable compared with 57 % if Copaxone treatment was delayed for 30 months. Relapse rate also progressively fell with early and continuous treatment. Administration is by injection and the most common side effects of Copaxone are redness, joint and chest pain, swelling, itching nausea, anxiety and muscle stiffness. The reactions are usually mild and professional medical treatment is seldom required. Teva continues to invest heavily in further developing Copaxone for the treatment of MS. The company is actively developing both an oral Formulation of Copaxone and conducting a major clinical trial investigating the safety and efficacy of Copaxone for the primary progressive stage of the disease. In Europe and other international markets, a strategic alliance was formed between Teva and Aventis in the marketing of injectable Copaxone, joining efforts towards the registration and preparation of the marketing infrastructures of Copaxone in most of Europe's major markets. The distribution is carried out by Aventis Pharma. Copaxone® has been approved for marketing in 44 countries worldwide, including the United States, Israel, Canada, 22 European Union Countries including the new accessors, Switzerland, Australia, Russia, Brazil, and Argentina. Annual cost of treatment with Capoxone is approximately 8,000 € (Frost and Sullivan 2003). As a long term treatment of some forms of MS (secondary progressive form) the immunosuppressant mitoxantrone is used. A third therapy option are humanised monoclonal antibodies. Natalizumab (Tysabri) codeveloped by Biogen Idec (USA) and Elan Pharmaceuticals (Ireland) was launched in 2004. However after the discoveries of progressive multifocal leukencephalopathy cases it was pulled from the market in early 2005. On June 5, 2006 the FDA approved an application for resumed marketing of Tysabri with a special restricted distribution programme (www.fda.gov). The European approval followed on June 27, 2006 (www.emea.eu.int). Natalizumab is an antibody which is directed against a surface protein of plaques forming lymphocytes and monocytes. For patients unresponsive to INF therapy azothioprine is chosen. Combination therapies are also under consideration. Other products are in an earlier phase of clinical development. Among them was alemtuzumab (Campath-1H) a humanized antibody originally invented by BTG (UK). It is already approved for the treatment of chronic lymphoid leukaemia. Recent publication in PHARMAPROJECTS reported that clinical trial for the treatment of MS was suspended. Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 55 of 179



Fampridine (4-aminopyridine) is a potassium channel antagonist which is used in farming. It was developed by Acorda Therapeutics (USA) and is currently in phase 3 of clinical trial. A development of Mitsubishi Pharma (Japan) (licensee Novartis (CH) is the immunmodulator fingolimod hydrochloride (also reported in databases under FTY720). It is currently in phase 3 clinical trial. Oral products are supposed to improve quality of life of MS patients. Several companies such as Novartis and Serono have oral drugs in late stage of clinical trial. Oral cladribine, for example is a proprietary oral tablet formulation of cladribine that is being studied in an effort to demonstrate possible benefits as a treatment for patients with relapsing forms of MS. Cladribine is a purine nucleoside analogue that interferes with the behaviour and the proliferation of certain white blood cells, particularly lymphocytes, which are involved in the pathological process of MS. Through its differentiated mechanism of action, cladribine tablets may offer an effective new option to patients with MS. Experimental therapies include inhibitors of tumour necrosis factor (TNF), vaccines against Tcells that destroy myelin and monoclonal antibodies. The most controversial form of treatment believed to be beneficial in alleviating some of the symptoms of MS is cannabis116. Cannabis or analogues that act on cannabinoid receptors can provide symptomatic relief from pain, ataxia and spasticity. Late stage clinical trials into their use are ongoing, with promising results being observed (Frost and Sullivan 2003). Worldwide 172 products are in the development or already available for the therapy of MS. Among them are 25 monoclonal antibodies and 17 recombinant peptides and proteins. Considering all MS therapeutics currently in the pipeline there are four main pharmacological principles of these drugs. These are agonists and antagonists of the involved cells, enzymatic inhibitors of involved pathways, and immunosuppressants. As it can be seen the launched products belong to the subclasses of main interest. In terms of competitiveness companies with headquarter in the EU25 show strong activities in the four most important fields. In comparison to the US there is a relative dominance of the US in the field of antagonists.



116



This therapeutic options is influenced by modern biotechnology with respect to the plant production system of cannabinoids and the development of new plant-based and semi-synthetic cannabinoid containing drugs (International Association for Cannabis as Medicine, www.cannabis-med.org, www.gwpharm.com, www.echo-pharma.com)
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Figure 4-1:



MS therapeutics according to pharmacological principles
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Figure 4-2:



Country-specific activities in MS therapeutic development according to headquarter of company
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4.2.3



Socio-economic aspects of Multiple Sclerosis



MS is the second cause of neurological handicap in young adults after road accidents. According to the National Multiple Sclerosis Society the annual economic cost of multiple sclerosis in the United States exceeds € 23 billion, representing a disproportionate financial impact relative to the prevalence of this disease. Thus, it is an important economic factor in public health. MS affects individuals relatively early in their adult life. Most patients are diagnosed with the disease in their early thirties and suffer throughout their life with the disease. One estimate suggests that after ten years with the disease, half of all MS victims are severely disabled, bedridden, wheelchair-bound, or worse. In January 2002, there was a controversy regarding NICE's first guidelines on the use of beta Interferon and glatiramer acetate in the treatment of multiple sclerosis. NICE recommended that upon consideration of the clinical effectiveness and cost-effectiveness of beta Interferon and glatiramer acetate, neither were useful for the treatment of multiple sclerosis. However, patients who already being prescribed either product should continue to receive them since sudden discontinuation can reduce well being. The patient activists and industry responded strongly to this ruling by lobbying with the government. Finally a consensus was reached according to a risk-sharing deal between the UK Government and the pharmaceutical companies involved.117 This decision has still effects. The prescription rate of beta Interferons in the UK to other European countries is far lower, standing at around 2 to 3 % of MS patients, whereas 12 to 15 % seems to be the norm throughout Europe.



4.2.4



Industrial Actors in the field of MS therapeutics



Worldwide there are 54 products listed in the PHARMAPROJECTS database for biotechnological MS therapy. These are monoclonal antibodies (25), recombinant peptides and proteins (17), cellular and stem cell therapeutics (5), antisense therapeutics (4), formulations and not specified (3). The majority (37 products) are developed in the US. Nine companies are located in Europe, none in Japan and 8 in the rest of world (Australia, Canada, Israel, Switzerland, South Korea). As it can be seen in Figure 4-3 Europe and the USA are equally positioned in terms of launched products. Considering the strong pipeline activities there is the risk that US companies will dominate the market in the future. In Japan there are no companies active in the field of biotechnological MS therapy.



117



Frost and Sullivan (2006): European Central Nervous System (CNS) Therapeutics Markets #B936-52
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Figure 4-3:



Biotechnological MS products in the pipeline
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4.2.5



Market analysis



As reported by Frost and Sullivan (2004)118 the US market is dominated by Avonex, the product of the US based company BigenIdec. Avonex has 60.0 % of the market shares of recombinant products. Betaseron (Schering, Germany) has 27.0 % and Rebif (product of Serono (CH), marketed by Pfizer in the USA) has 13.0 %. The revenues generated in the USA by the approved biologics add up to US$ 1.33 billion in 2003 (= € 1.05 billion). The global market of Interferon beta reached € 2.6 billion in the leading industry nations in 2005 (IMS Health Data), the Schering product Interferon-β-1b (Betaseron) holds 22 % of the world market. The Interferon beta market determined on basis of Pharma wholesale revenues by IMS Health Data grew in Europe from € 25 million in 1996 to nearly € 1,089 million in 2005 with an average CAGR of 58 %. In the USA the Interferon beta grew from € 54 million in 1996 to € 1,476 million in 2005 with an average CAGR of 50 %. In Japan the Interferon beta market decreased from € 140 million in 1996 to less than half (€ 65 million) (Table 4-3). The share of Interferon out of all pharmaceuticals rose from 0.1 % in 1996 to 0.87 % in Europe and 0.73 % in the USA respectively. In Japan the share of Interferon out of all pharmaceuticals fell from 0.4 % in 1996 to 0.14 %. Interferon beta accounted for 9.6 % of all biopharmaceuticals in Europe, 5.8 % in the US and 3.1 % in Japan in 2005 (Figure 4-4). Table 4-3:



Revenues of Interferon beta by drug wholesale (€ million)



1996



1997



1998



1999



2000



2001



2002



EU



25.021



56.845



96.679



208.596 445.114 615.198 758.907 839.276



USA



54.208



131.141 285.518 411.836 558.557 824.811 952.906 1093.514 1331.633 1475.917



JAPAN 140.519 125.288 133.027 112.781 112.753 117.579 87.366



2003



81.108



2004



2005



990.244



1089.159



68.472



65.722



Source: IMS Health 118



Frost and Sullivan (2004) U.S. Autoimmune Disorders Markets for Biologics. #A745-52
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Figure 4-4:



Market share of Interferon beta out of all biopharmaceuticals
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4.3



Approach



4.3.1



Rationale and description of approach



The case study will analyse impact and adoption indicators that will illustrate the European situation of therapy of Multiple Sclerosis with Interferon beta and alternative therapeutic approaches in comparison to the USA and Japan. Adoption is illustrated by the number of companies being active in the field of MS therapy and the number of products. The economic impact is illustrated analysing the drug-specific revenues, its effect on employment, and on production costs. An indicator that illustrates the health economic effects is the analysis of cost-effectiveness/cost-utility of the drug. The social impacts are measured by the analysis of change in burden for public health budget and of disease in relation to the treatment with Interferon beta and its competitors. The analysis of adverse drug reactions is assessed in a more qualitative way. Environmental impacts play a minor role in biotechnological production of pharmaceuticals. Thus, experts will be interviewed to outline any environmental effects. However, the description will be solely in qualitative manner.
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4.3.2



Sources



Data for the case study was retrieved from the following sources:



• Financial reports of the relevant companies (Schering, Pfizer, BiogenIdec, Elan, SanofiAventis, Serono).



• Internet-searches: a list of used internet addresses is presented in the annex • Databases: For company and therapeutic data the database PHARMAPROJECTS was



used. For scientific literature the NCBI-database pubmed was used. Data about health economic aspects was retrieved from the Cochrane library. Additional product information was retrieved from the database www.biopharma.com. Information and data on the epidemiology of MS and the availability and accessibility of resources to diagnose, inform, treat, support, manage and rehabilitate people were retrieved from the European Map of MS Database119.



• Expert-interviews. The following organisations and companies contributed with expert interviews to the project: Companies Biogen-Idec Schering (2 interviews: one about general aspects, one about clinical outcomes) Boehringer Ingelheim Serono Neurologists Prof. P. Traubner, Comenius University Bratislava, Faculty of Medicine Prof. P. Rieckmann, University of Würzburg, Department of Neurology Patient Organisations European MS Platform Multiple Sclerosis International Federation Additional documents and reports Frost and Sullivan (2006): European Central Nervous System (CNS) Therapeutics Markets #B936-52 Frost and Sullivan (2004) U.S. Autoimmune Disorders Markets for Biologics. #A745-52 Frost and Sullivan (2003): Strategic Analysis of the European Therapeutic Monoclonal Antibodies Markets #3884-52 Bioimpact (2004): Beta Interferon MorganStanley (2006): Pharmaceutical Product Guide



4.4



Results



4.4.1



Economic impact



4.4.1.1



European situation



The Interferon market is very competitive. Worldwide there are five companies that offer this biopharmaceutical drug. Therefore, companies keep most information on production costs and employment confidentially. Business reports are the best source to get a minimum of information on revenues. As it can be seen in the table below Interferon beta is a blockbuster 119



http://www.europeanmapofms.org/index.aspx
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for the three inventing companies with 16 % of total revenues for Schering, 42 % of total revenues for Serono and 62 % of total revenues for Biogen Idec (Table 4-4). The figures determined from the business reports differ from the market data determined by pharma wholesale revenues. According to experts the difference results from two reasons: The IMS Health Data is based upon revenues of wholesale. Hospitals who buy directly by the producing company are not considered in the calculation. This will lead to an underestimation of the IMS global revenues. However, the actual amount could not be determined by the interviewed experts. The basis for company revenue calculation is mostly the production volume and the list price of the drug. This neglects discount prices granted. This fact leads to an overestimation of the worldwide revenues calculated on basis of the business reports. Discount rates of up to 30 % should be subtracted from the figures outlined in the business reports according to experts. The actual worldwide market is most likely to be in the middle between the two figures. Table 4-4:



Company



Revenues of Interferon beta and competitors on basis of company business reports Drug Name



IFN Beta and competitors



Country



Revenues 2005 (€ mio.)



Revenues Est. 2010 (€ mio.)



Total Revenues (mio. €)



Share Drug revenues/ Total revenues (%)



1



Serono



Rebif



CH



872



1,380



2,069



42



2



Pfizer



Rebif



USA



1,016



1,400.8



41,038



2



3



Schering



Betaseron



Germany



867



842



5,308



16



4



Chiron



Betaseron



USA



113.6



111.2



n.a.*



-



5



Biogen Idec



Avonex



USA



1,210.4



1,240



1,938



62



6



SanofiAventis



Copaxone



France



902



1,223



27,311



3



7



Serono



Novatrone



CH



67.2



4.8



2,069



3



8



Elan



Tysabri



Ireland/ USA



0



n.a.



180.7



-



9



Biogen Idec



Tysabri



USA



0



560



1,938



-



* as Chiron was in the process of merger with Novartis no detailed financial data was available



Interview partners outlined the enormous effects of biotechnology on employment. This refers both to R&D and production. The majority of R&D staff depends directly or indirectly upon biotechnological methods. For Schering these were 4179 employees in 2005. However there was only a small increase in numbers of R&D staff observable in the early 1990s, i. e. prior to the launch of Schering`s Betaseron in 1993 in the USA and 1995 in Europe. This is explained by a methodological shift from chemistry to biotechnology. The production of Betaseron is carried out by the contract manufacturers Boehringer Ingelheim Pharma GmbH & Co KG for the European market and Chiron Corp. for the American market. The latter is currently under negotiation. According to an article in the Internet Journal Pharmaceutical Business review online of 21 February 2006 Schering exercises an option to buy the US rights to Betaseron drug from Chiron. Although Schering currently has a supply agreement with the US biotech firm, the acquisition of Chiron by Novartis offers the German group the opportunity to buy Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 62 of 179



back these rights and the manufacturing facilities associated with the drug120. According to a spokesperson of Schering negotiations were ongoing in September 2006. As Schering was bought by the Bayer AG in June 2006121 the negotiations will now continue under new prerequisites. Additionally also Serono was merged with the Merck KG in September 2006122. In the short term it can be assumed that both mergers will not influence the Interferon market, long-term effects for the MS market are difficult to predict. However it is most likely that the two new owners Bayer and Merck will be active in MS therapeutics. In this context Bayer announced on the latest general business meeting that the combined Bayer Schering Pharma company will be "more innovative an more competitive" in the drug development process. "The combined company will be number seven among the Pharma fine chemical producers and in the biotechnology sector worldwide".123 In Europe Boehringer Ingelheim employed 1460 people in the business area biopharmaceuticals in 2004. In this business area Boehringer Ingelheim offers contract manufacturing for the complete process chain of biopharmaceutical production to clients such as Amgen, Pfizer, and Schering. In 2003 Boehringer Ingelheim doubled its biopharmaceutical production facilities at the Biberach production site. This resulted in 400 new jobs. In 2005, a second biopharmaceutical plant was inaugurated in Vienna. This resulted in the creation of 200 jobs. In 2004 in total 1460 people were employed in the biopharmaceutical business area. This illustrates that production of biopharmaceuticals is a "job machine" for Europe. The business sector biopharmaceuticals contributes to 17 % to all employees of Boehringer Ingelheim Pharma. Within the last three years approximately 600 new jobs were created in the biopharmaceutical production, which are nearly 50 % of all new jobs at Boehringer Ingelheim in this period. Biotechnological production costs have decreased dramatically during the last 20 years as outlined in expert interviews. This makes biotechnological drugs affordable today. According to a company expert production costs of monoclonal antibodies were in the range of US$ 100,000/g (= € 80,000/g) in the 1980s. Today their production costs are calculated in the range between US$ 50 and US$ 1000/g (= € 40 to 800/g). Small molecule production is even cheaper. Today costs are calculated at US$ 0.001 to US$ 0.01/g (= € 0.0008 to 0.008/g). Table 4-5:



Economic impact of Beta-Interferon in the EU25



phenomenon



indicator



value



comments



impact of biotechnology on employment



share of biotechnology active employees out of total employees in firms producing Interferon in the EU25



17 %



all R&D employees, Interferon-specific numbers not available



number of jobs created due to the boom in biopharmaceutical production related to all jobs created



49 %



share of biotechnology revenues out of total revenues for firms producing IFN beta in the EU25



16 %



Impact of biotechnology on revenues



120



Pharmaceutical Business review online. Schering seeks full control over multiple sclerosis drug. 21 February 2006. http://www.pharmaceutical-business-review.com/article_news.asp?guid=C77CA52BEFB3-411F-A7A7-66CB78B65AED 121 FAZ.NET (15. Juni 2006): Bayer gewinnt Übernahmekampf. www.faz.net 122 Die Welt (21.September 2006): Merck zahlt hohen Preis für Serono. www.welt.de 123 Bayer (13.September 2006): Erlen: Bayer Schering Pharma hat sehr gute Zukunftsaussichten. www.baynews.beyer.de
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Cost reduction was achieved by optimization of the producer strains, up-scaling of the fermenter vessels and the development of platform technologies that allow the transfer of production methodology to new products. Though Interferon production costs profited from the technological advancement their production is still difficult and production costs are in the upper range as outlined by a company expert. Reasons for this are older and more expensive processes and the influence of the producer cells by the product Interferon. However, biotechnological research especially the optimisation of the broth improved the yield from 200 g/l in 1996 by factor 10 to 2000 g/l today.



4.4.1.2



Comparison to USA and Japan



As it can be seen from the list of companies being active in the field of MS therapeutics there is strong competition in this field from the USA (BigenIdec) and Switzerland (Serono). No activities are reported from Japanese companies. This results from the fact that classical multiple sclerosis is no disease in Eastern Asia. A disease that resembles MS affects the optical/spinal functions. Current activities of companies and MS patient organisations try to get insight into the epidemiology of this disease and raise awareness for possible therapeutic approaches. As these activities are in an early developmental stage no economic impacts are known so far. As it can be seen from the economic data Interferon is a blockbuster for both the US-based company BiogenIdec and the Swiss based company Serono. As patent protection for Interferon beta expires in only six years (Schering`s Betaseron patent expires in 2012, BiogenIdec`s Avonex patent expires in 2013) world wide competition will increase by the availability of biogenerics. For a company such as Serono with a high dependency upon this product the merger was the logical consequence after the termination of two clinical developments in phase III124. In contrast the US company BIogenIdec launched a monoclonal antibody (Tysabri) as alternative, novel approach in MS therapy. As described above the development of Tysabri was accompanied by several set-backs. However, as a company representative of BiogenIdec outlined the US mentality was and is characterized by a risk taking attitude ("let´s try"). This was the motto for the introduction of Avonex in the European market and is again the slogan for the promotion of the monoclonal antibodies. Thus according to BiogenIdec expert the monoclonal antibodies will be the motor for further growth. The next step in MS therapy is expected to be the development of oral MS therapeutics. It is assessed as an important market. According to John Richert, Vice President of the National Multiple Sclerosis Society oral MS therapeutics would be an important step towards an improved quality of life of MS patient. New players such as Novartis enter the field, which will most likely restructure the MS therapeutic markets. Also Serono was active in the field of oral therapeutics: the new MS pill Cladribine (currently in phase III of clinical trial) got the fast track status at the FDA125. The new merged Merck-Serono company could gain important market shares if this product is successful.



124



FAZ.NET (21. September 2006): Merck beglückt die Serono-Aktionäre - aber nicht die Anleiheinhaber. www.faz.net 125 Finanznachrichten (21. September 2006): Serono's oral MS treatment Cladribine gets FDA fast track status. www.finanznachrichten.de
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4.4.2



Social impact



This chapter illustrates the effects of Interferon on the burden of disease, cost-effectiveness data gained in various health technology studies and differences in therapeutic approaches and accessibility of therapies. As shown below the annual costs for treatment with IFN Beta are in the range of between € 9,000 and € 16,000 per year depending on the type of Interferon used. The annual costs for glatiramer acetate are between € 8,000 and € 14,000 (Frost and Sullivan 2003, Bioimpact 2004 126). An analysis of the British situation was published by Clegg and colleagues in 2000127. They summarised the annual drug costs as follows: Table 4-6:



Annual drug costs for the treatment of MS in the UK in 2000 (€)



azathioprine beta Interferon cladribine cyclophosphamide Glatriramer intravenous immunoglobulin methotrexate mitoxantrone



min 80.42 16084 9328.72



2573.44 28.9512



max 1930.08 32168 14153.92 160.84 16084 16084 93.2872 5790.24



Source: Clegg et al. 2000



In 2006 Kobelt and colleagues calculated in two studies128,129 cost and quality of life in multiple sclerosis patients for the US and Europe (nine European countries). In the US study the total average costs are estimated at € 39,770 per patient and year. 53 % of these costs were for direct medical and non-medical costs, 37 % were for production losses and 10 % for informal care. Flachenecker and Rieckmann (2003) derived a comparison of mean annual costs per patient by direct and indirect cost categories for Germany, Sweden and the UK.130 The mean total cost per patient and year (in €) and share of the total cost (%) in three 'bottum-up' cost-of-illness studies in Germany, Sweden, and the United Kingdom. Costs were adjusted to average IFN-ß usage in the countries and transformed into Euro at the commercial exchange rates of 1 June 2001 (1 € = 9.039 Swedish kronor, 0.602 pounds sterling and 1.956 Deutsche mark).This comparison shows direct and indirect costs contribute nearly equally to the total costs in Germany, in the UK indirect costs and informal costs cover two third of the total expenses (Table 4-7). The average annual drug costs determined in these studies are below the annual drug costs given in various market reports mentioned above. This difference results from the fact that not every MS patient receives beta-Interferon.



126



Bioimpact (2004): Beta Interferon. www.bioimpact.org Clegg, A.; Bryant, J.; Milne, R. (2000): Disease.modifying drugs for multiple sclerosis: a rapid and systematic review. Health Technology Assessment Vol 4: No. 9 128 Kobelt, G.; Berg, J.; Aterly, D.; Hadjimichael, O. (2006): Costs and quality of multiple sclerosis: a cross-sectional study in the United States. Neurology 66(11):1696-702 129 Kobelt, G.; Berg, J.; Lindgren, P.; Fredrikson, S.; Jonsson, B. (2006): Costs and quality of life of patients with multiple sclerosis in Europe. J Neurol. Neurosurg. Psychiatry 778): 918-26 130 Flachenecker, P.; Rieckmann, P. (2004): Health outcomes in multiple sclerosis. Curr Opin Neurol 17(3): 257-261 127
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Table 4-7:



Mean annual costs per MS patient in Germany, Sweden and the UK Germany 1999 131 (Kobelt et al., 2001)



Sweden 1999 (Henriksson et al., 132 2001)



UK 1999 133 (Kobelt et al., 2000)



15 227 (45.4 %)



33 241 (62.4 %)



7729 (27.7 %)



3411 (10.2 %)



2539 (4.8 %)



1138 (4,1 %)



--



4567(8.6 %)



--



ambulatory care



2370 (7.1 %)



3985 (7.5 %)



1444 (5.2 %)



drugs



2359 (7.0 %)



5830 (10.9 %)



1040 (3.7 %)



services



4367 (13.0 %)



11890 (22.3 %)



811 (2.9 %)



2720 (8.1 %)



4430 (8.3 %)



3296 (11.8 %)



informal care



4048 (12.1 %)



2487 (4.7 %)



7264 (26.1 %)



indirect costs



14 228 (42.5 %)



17 518 (32.9 %)



12 782 (46.1 %)



total costs



33 438 (100 %)



53 246 (100 %)



27 768 (100 %)



mean costs per patient and year (in €) and share of the total cost (%) direct costs hospital inpatient care rehabilitation



adoptions and devices



Source: Flachenecker and Rieckmann 2003



Table 4-8:



Three-months cost per patient with MS (€)



UK Germany France



mild MS 5101.00 2759.02 1918.97



severe MS 14553.53 5674.30 5651.41



Source: Murphy et al. 1998



In Europe the total mean annual costs per patients were estimated at 18,000 € for mild disease (EDSS < 4.0), 36,500 € for moderate disease (EDSS 4.0-6.5) and 62,000 € for severe disease (EDSS > 7.0). A Swedish study evaluated the economic burden of MS by using a topdown approach of costing134. The annual expenditure per patient was 28,699 € in 1994. This amount was mainly composed of indirect costs (78.7 %). Amato et al. (2002) similarly determined for Italy that MS represents a high economic burden, with indirect costs greatly exceeding direct costs.135 A cross-sectional study involving several European countries highlighted relevant differences among nations in the 3-months cost per patient (table 4-8)136. 131



Kobelt, G.; Lindgren, P.; Smala, A.; Jonsson, B.; Group GMS (2001): Costs and quality of life in multiple sclerosis. A cross-sectional observational study in Germany. Eur J Health Econ 2: 60-68. 132 Henriksson, F.; Fredrikson, S.; Masterman, T.; Jonson, B. (2001): Costs, quality of life and disease severity in multiple sclerosis. A cross-sectional study in Sweden. Eur J of Neurol 8: 27-35. 133 Kobelt, G.; Lindgren, P.; Parkin, D.; al. e (2000): Costs and quality of life in multiple sclerosis. A cross-sectional observational study in the United Kingdom. In: Stockholm School of Economics, Stockholm, EFI Research Report 399. 134 Henriksson, F; Jonsson, B. (1998): The economic cost of multiple sclerosis in Sweden in 1994. Pharmacoeconomics 13:597-606 135 Amato MP, Battaglia MA, Caputo D, Fattore G, Gerzeli S, Pitaro M, Reggio A, Trojano M; Mu. S. I. C (2002): The costs of multiple sclerosis: a cross-sectional, multicenter cost-of-illness study in Italy. J Neurol. 2002 Feb;249(2):152-63. 136 Murphy, N.; Confavreux, C.; Haas, J. et al. (1998): Economic evaluation of multiple sclerosis in the UK, Germany and France. Pharmacoeconomics 13: 607-622
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Economic evaluations of treatments for multiple sclerosis have focused mainly on either relapsing-remitting or secondary progressive disease. A technology report published by Otten in 1998 concluded that all of the products have evidence that they impact the progression of the disease137, however the different studies differ on the analysis of extend and duration of the benefit. Different types of assessment models for cost-effectiveness were used in the analysed studies. Among them are QALY (=quality adjusted life year), number of months of prevention of deficit measured by an assessment scale, and EDSS (expanded Disability status scale). As effectiveness studies cover a maximum of 4 to 5 years the general problem of these studies is the approximation of extrapolation of benefit in the medium term to benefit in the long term (20 years). It seemed that Copaxone® may be more useful in relapsingremitting MS with little accumulated neurological disability, i. e. possibly more useful early in the disease. Kobelt et al. (2003) developed a study design and model that allows estimation disease progression, costs and QALYs for patients with different characteristics and types of MS, which can be adapted to different countries138. A detailed analysis of incremental costs gained with Interferon-β-1b treatment under different assumptions using this model was carried out for Sweden. The cost of Interferon-β-1b was based on the recommended dosage (8 MIU every second day) and resulted in annual drug costs of € 11,200 to which a cost of € 175 was added for treatment monitoring. The simulated costs of the clinical cohort for 40 cycles resulted in similar costs per patient for the treated group (€ 400,700) and the non-treated group (€ 399,200). The incremental cost for Interferon-β-1b is thus € 1,500. The QALY gain with treatment is 0.192 (equivalent to 70 days at full health), based on an expected number of QALYs in the no-treatment arm of 3.548 and of 3.740 in the Interferon-β-1b arm. They found that under a 36 months treatment with no further effects being included the cost/QALY for Interferon versus no treatment was € 7,800 (direct, indirect and informal care costs included at 3 %) over ten years. The total number of QALYs increased from 3.45 in the non-treatment group to 3.64 in the treatment group. When treatment is prolonged to 54 months, the cost per QALY is € 38,700. Using the full range of costs and utilities, the probability that the cost per QALY over a 20-year time frame is below € 50,000 for patients starting at EDSS 3.0 is 80 %. The model allowed the simulation of treatment of patients at different levels of disability. Over a 10-year period treatment appears to be more cost-effective at EDSS levels commonly associated with secondary progressive MS. This is due to the finding that progression was not affected in the relapsing-remitting MS trial and that for patients remaining in Markov states 1 (EDSS 0-2.5) and 2 (EDSS 3.0-3.5) in the model, treatment only affects the relapse rate. However when the period is extended beyond 10 years to the mean duration of follow-up in the natural history cohort (i. e. 20 years), a higher proportion of patients converts to secondary progressive MS and progresses to more severe states. Under these circumstances the cost per QALY with 54 moth treatment of patients in state 1 is € 51,700 and treatment in states 2 and 3 is cost saving. Table 4-9 summarises the results of the simulation. Nonetheless, uncertainty over the cost-utility of Interferon-beta 1b remains and firm conclusions could not be drawn as concluded by McCormack and Scott in a review of the use of Interferon-beta1b in relapsing-remitting and secondary progressive multiple sclerosis.139



137



Otten, N. (1998): Comparison of Drug Treatments for Multiple Sclerosis. Ottawa. Canadian Coordinating Office for Health technology Assessment (CCOHTA) 138 Kobelt, G.; Jönsson, L.; Fredrikson, S. (2003): Cost-utility of Interferon-β-1b in the treatment of patients with active relapsing-remitting or secondary progressive multiple sclerosis. Eur J. Health Economic 4:50-59 139 McCormack, P. L.; Scott, L.J. (2004): Interferon- -1b: A review of its use in relapsing-remitting and secondary progressive multiple sclerosis. CNS Drugs 18(8): 521-546
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Table 4-9:



Incremental cost per QALY gained with Interferon-β-1b treatment under different assumptions (costs and QALY discounted 3 %, in €) clinical cohort



Starting in state1 (EDSS 0-2.5)



starting in state2 (EDSS 3.0-3.5)



starting in state3 (EDSS (4.0-4.5)



Intervention 36 months Base case: direct costs



49,800



299,800



112,400



26,600



Base case: Direct costs and informal care costs



39,700



290,200



102,600



14,800



Base case: all costs



7,800



257,700



70,300



Cost-saving



Relative mortality risk 2*



11,000



266,500



75,000



Cost-saving



Duration of relapse 3 months*



300



213,200



56,300



Cost-saving



No extra cost for relapse*



11,600



267,000



75,400



Cost-saving



Cost of relapse double*



4,000



248,300



65,200



Cost-saving



Duration of simulation 15 years



Cost-saving



123,000



800



Cost-saving



Duration of simulation 20 years



Cost-saving



74,500



Cost-saving



Cost-saving



Duration of simulation 25 years



Cost-saving



53,000



Cost-saving



Cost-saving



Intervention 54 months Duration of intervention 10 years



38,700



232,100



98,500



18,100



Duration of simulation 15 years



Cost-saving



97,400



15,900



Cost-saving



Duration of simulation 20 years



Cost-saving



51,700



Cost-saving



Cost-saving



Duration of simulation 25 years



Cost-saving



32,100



Cost-saving



Cost-saving



*



all costs included
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An analysis of four Interferon β-products and glatiramer acetate conducted in conjunction with NICE and reported by Chilcott140 made two assumptions (that are also discussed as limitations of clinical studies): Firstly, efficacy benefits seen in clinical trials over 2-3 years were maintained during a longer treatment and secondly, a clinical benefit was maintained when the treatment was stopped. Using a 20-year frame, Interferon-β-1b approached a 50 % probability of being cost effective for both relapsing-remitting and secondary progressive multiple sclerosis using a 30,000 £ (= € 46,118)/QALY threshold, whereas other products were either highly unlikely or considerably less likely to achieve this level of cost-effectiveness. However, discontinuing of costs and benefits generally increased cost/QALY by 75 % (McCormack and Scott, 2004). The detailed results for annual costs per quality-adjusted life-year of immunomodulatory therapies are summarised in Table 4-10. The large differences between these studies demonstrate that the data used to describe disability and to estimate costs (direct and indirect), the assumptions that have been made, and the method of extrapolation and economic modelling have a considerable impact on the results of health outcome studies in multiple sclerosis (Flachenecker and Rieckmann 2003). Table 4-10:



Annual costs per quality-adjusted life-year of immunomodulatory therapies in relapsing-remitting MS (€)



Course



Perspective



IFN-β Betaseron



Rebif



Avonex



Glatiramer acetate



relapsing-remitting MS



society



82,498



101,267



69,836



162,186



relapsing-remitting MS



society



74,088



86,398



76,664



54,083



Source: Flachenecker and Rieckmann 2003



Prosser et al. determined less favourable data in their cost-effectiveness study. They analysed the treatment costs for a 10 year treatment of newly diagnosed non-primary progressive MS with Interferon beta-1a, Interferon beta-1b, and glatiramer acetate141. In this study Interferon beta-1a yielded the largest gain in quality-adjusted life expectancy with an incremental cost-effectiveness ratio of € 1,741,884/QALY for women and € 1,425,178/QALY for men. For a five –year treatment duration a "no treatment" strategy yielded more quality-adjusted life years than any of the treatment strategies. Cost-effectiveness rations were similar for all three immunomodulatory treatments evaluated. Though a number of different biotechnological products are available being evaluated in various clinical studies there are several unresolved issues concerning new agents for MS therapy (Amato 2004)142. Among them are



• different molecules of Interferon Beta are used at different dosages, frequencies, and routes of administration,



• a sizeable proportion of MS patients treated with Interferon Beta develop neutralising antibodies to the molecule,



• unclear treatment situation for MS patients with clinically isolated syndromes (CIS).



140



Chilcott, J.; McCabe, C.; Tappenden, P. et al. (2003): Modelling the cost effectiveness of Interferon beta and glatiramer acetate in the management of multiple sclerosis. BMJ 326(7388:522-525 141 Prosser, L. A.; Kuntz, K. M.; Bar-Or, A.; Weinstein, M.C. (2004): Cost-effectiveness of Interferon beta-1a, Interferon beta.1b, and glatiramer acetate in newly diagnosed non-primary progressive multiple sclerosis. Value in Helath 7(5):554-568 142 Amato, M.P. (2004): Pharmacoeconomic considerations of multiple sclerosis therapy with new disease-modifying agents. Expert Opin. Pharmacother 5(10):2115-2126
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Future MS therapy and the health economic effect of biotechnological products will be object of ongoing discussions. In order to achieve reliable cost data a standardisation in economic modelling will be necessary to evaluate properly the economic consequences of new and expensive therapies in multiple sclerosis (Flachenecker and Rieckmann 2004). Impact of biotechnology on MS therapy is directly linked to accessibility of MS therapeutics. According to patient organizations there are qualitative and quantitative differences between MS therapeutic approaches in Europe and the US. An overall observation of several experts shows that treatment with Interferon is initiated in the USA after two episodes, in Europe after three episodes. The European Map of MS shows that the percentage of eligible people with MS who receive disease modifying drugs is very heterogeneous in Europe varying between 100 % in Luxemburg and 8 % in Hungary. Table 4-11 summarises drug availability for Europe and Northern America. Table 4-11:



Accessibility of disease modifying drugs Percent of eligible people with MS who receive disease modifying drugs Country (%) Europe Austria 25 Belarus 50 Belgium 80 Bosnia and Herzegovina 70 Bulgaria 19 Croatia NO DATA PROVIDED Cyprus NO DATA PROVIDED Czech Republic 100 Denmark NO DATA PROVIDED Estonia 10 Finland 30 France 80 Germany 75 Greece 85 Hungary 8 Iceland 80 Ireland NO DATA PROVIDED Italy 90 Latvia 35 Lithuania NO DATA PROVIDED Luxembourg 100 The Netherlands NO DATA PROVIDED Norway 25 Poland NO DATA PROVIDED Portugal 75 Romania 10 Serbia and Montenegro 50 Slovakia 30 Slovenia 90 Spain 45 Sweden NO DATA PROVIDED
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Percent of eligible people with MS who receive disease modifying drugs (%) 70



Country Switzerland The former Yugoslav Republic of Macedonia 80 Turkey 25 United Kingdom 40 North America Canada 75 Costa Rica 60 Guatemala 80 Mexico 50 United States of America NO DATA PROVIDED Source: EMSP, MSIF, www.europeanmapofms.org



Generally, drugs are associated with desired and undesired (adverse) drug reactions. The consideration of desired effects versus adverse effects determines the adoption of a drug. According to physicians the ratio of desired to adverse drug reactions is high for Interferon, i. e. benefits outbalance adverse drug reactions. The major advantage of Interferon therapy is that future disability is retarded which results both in improved quality of life and reduced indirect costs. Other biotechnological products such as the monoclonal antibody Tysabri are associated with more severe adverse drug reactions such as the possibility to induce cancer (progressive multifocal leukencephalopathy). For this reason Tysabri is limited in its application to a restricted group of patients and not as first line drug. Table 4-12:



Societal impact of Beta-Interferon



phenomenon



indicator



value



comments



impact of biotechnological product on health expenses



incremental cost for Interferon-β-1b143



1,500 €



cost/QALY for Interferon versus no treatment



7,800 €



impact of biotechnological product on qual



increase in QALY under treatment with Interferon



0.192



from 3.45 for the untreated group to 3.64 for the treated group



accessibility of biotechnological product



percent of eligible people of MS who receive disease modifying drug



between 8 % and 100 %



heterogeneous situation for the EU25



As described above impact of Interferon under socio-economic perspective is a highly controversial topic. Due to the action of patient organisations awareness for health economic aspects and accessibility of therapies has improved. This knowledge transfer is expected to improve further. Patient organisations provide a bridge between doctors, industry and patients. However, as health expenditures are high and national health systems are under cost pressure it will be crucial to show positive cost-benefit ratio of biotechnological products such 143



Kobelt, G.; Jönsson, L.; Fredrikson, S. (2003): Cost-utility of Interferon-β-1b in the treatment of patients with active relapsing-remitting or secondary progressive multiple sclerosis. Eur. J. Health Economics. 4:50-59
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as Interferon. If these products do not contribute to a drop in health expenditures the future broad application of biotechnological products is not guaranteed as the example of the UK showed.



4.4.2.1



Comparison with US and JP



Literature analysis and expert opinion revealed some differences in drug accessibility between Europe and the USA. These differences are explained with a more open attitude of USAmerican patients in terms of novel therapies and their willingness to participate to clinical trials. On the other hand US physicians are under the pressure of prosecution for compensation if they do not offer the latest therapeutic option as outlined in expert interviews with patient organisations and companies. According to the opinion of an expert this fact is an important driver for all new drug developments both on the basis of biotechnology and chemistry. In Japan multiple sclerosis does not exist. However, there is a similar disease affecting the optical/spinal system. As outlined by an interviewee Japanese cultural framework tends to push away diseases with a neurological component. Thus, current activities of patient organisations to raise awareness among doctors and patients could lead to improved therapy in Eastern Asia in MS-like diseases.



4.4.3



Environmental impact



There is no information on direct environmental impact of the introduction of recombinant Beta-Interferon available. As the manufacturing process for recombinant Beta-Interferon involves a GM organism, production is subject to very significant environmental and other regulatory scrutiny. The production process is subject to several EU Directives and is very strictly monitored. However, as the production volumes in Interferon production are rather small (the production plant in Vienna consists of two fermenters with each 6,000 l) there is no significant environmental impact expected.



4.5



Summary and Conclusions



4.5.1



Introduction



Interferon is one of the most prominent examples of biopharmaceuticals. The market of Interferon-beta (IFN-beta) reached € 2.6 billion in the leading industry nations in 2005 with 1520 % growth annually in the last 5 years (IMS Health Data)144. It currently accounts for 9.6 % of all biopharmaceutical revenues in the EU. After its discovery in the late 1950s the use of this strong antiviral and immunomodulating agent for treatment only became possible with the development of molecular biology and the application of this technology to the production of drugs. Thus, this case study on Interferon and its use in therapy of multiple sclerosis illustrates the effect of biotechnology in therapy for conditions which were previously untreatable and which became treatable solely by means of a biotechnological development. Multiple sclerosis is a disease of young adults. Throughout the world between 1.3 and 2.5 million people are affected. For total Europe there are an estimated 20,000 new MS cases annually. MS affects subjects who live in temperate climates, the prevalence increases from the equator to the pole. Women are affected twice as much as men. Multiple sclerosis is an autoimmune disease which affects the white matter of the central nervous system (CNS). This inflammatory demyelinating disorder is characterised by remitting or progressive development and neuronal lesions which are disseminated throughout the brain and spinal cord. The lesions cause alterations in the transmission of messages by the nervous system and lead to 144



IMS Health Data (2006): Database search in IMS MIDAS. Retrieval 21.08.2006



Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 72 of 179



many symptoms such as loss of memory, loss of balance and muscle coordination making walking difficult; other symptoms are slurred speech, tremors, stiffness, and bladder problems. The exact cause of the disease is unknown. Genetic predisposition is suspected. Prior to the development of biotechnological drugs the only therapy choice was a curative treatment with corticoids in order to induce an accelerated recovery of nerves. Current therapies are three different types of IFN-beta, which are marketed by Serono/Pfizer, Schering/Chiron and BiogenIdec, glatiramer acetate marketed by Teva/Sanofi-Aventis, and the monoclonal antibody Tysabri, marketed by BiogenIdec/Elan Pharmaceuticals.



4.5.2



Significance of impact



IFN-beta is a blockbuster for the three inventing companies with 16 % drug revenues of total revenues for Schering, 42 % drug revenues of total revenues for Serono and 62 % drug revenues of total revenues for BiogenIdec. Biopharmaceutical drug development and production is a job motor for European contract manufacturers. Within the last three years 600 new jobs were generated in biopharmaceutical production in Europe. Pharmaceutical R&D processes are based nearly 100 % upon biotechnological methods. From a clinical viewpoint IFN-beta has been a major benefit to therapy options in Europe. Treatment with IFN-beta helps to retard disability leading to increased quality of life of 500,000 patients in Europe. However, this benefit is expensive. Mean annual treatment costs were calculated to be in the range of € 27,769 (UK) and € 53,246 (Sweden). Annual costs per QALY were estimated to be between € 70,000 and € 100,000 depending on the type of IFNbeta. Incremental costs/QALY for treated versus untreated group are assessed to be € 7,800 per annum. This results from the small share of drug costs of a maximum of 10 % of total costs and the high share of indirect costs of approx. 50 % of total costs. Accessibility of novel drugs shows big differences among European countries. The share of eligible people with MS who receive disease modifying drugs is very heterogeneous in Europe varying between 100 % in Luxemburg and 8 % in Hungary.



4.5.3



EU/non-EU comparison



The US is still the largest market for IFN-beta (revenues of € 1.48 billion in 2005; 56 %) with Europe closing the gap in the last years (revenues of € 1.09 billion in 2005, 42 %). In Europe IFN-beta has reached a share of 9.6 % of all biopharmaceuticals, whereas in the US IFN-beta contributes only to 5.8 % of total biopharmaceutical revenues. Japan is no relevant actor in the field of IFN-beta. The market share is 2.5 % of the world market of IFN-beta (revenues of € 0.06 billion). This low activities result from the fact that classical multiple sclerosis is no disease in Eastern Asia. A disease that resembles MS affects the optical/spinal functions. Current activities of companies and MS patient organisations try to get insight into the epidemiology of this disease and raise awareness for possible therapeutic approaches. Considering the health care situation in the USA versus Europe physicians state a slightly better situation in the US. This refers to the point of time to initiate MS therapy with immunomodulatory drugs and accessibility to novel treatment options.
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4.5.4



Outlook



The outlook presents estimations of (a) future possibilities for products and therapy options and (b) future actors and national distribution.



Future MS therapies Worldwide 172 products are in the development or already available for the therapy of MS. Among them are 25 monoclonal antibodies and 17 recombinant proteins. Considering all MS therapeutics currently in the pipeline there are four main pharmacological principles of these drugs. These are agonists and antagonists of the involved cells, enzymatic inhibitors of involved pathways, and immunosuppressants. In comparison to the US there is a relative dominance of the US in the field of antagonists. Oral MS therapeutics represent an important novel product class. A number of companies are involved in their development. First products are in late stage of clinical trial and are supposed to enter the market in the near future. Monoclonal antibodies such as Tysabri are thought to add an additional dimension to MS therapy. Due to high costs and difficult reimbursement negotiations their market penetration is retarded. Stem cells do not offer short term perspectives for MS therapy. Both physicians and patients are reluctant both because of the high price (€ 15-20,000 for a single therapy) and their limited clinical effects.



4.5.4.1



Future industrial actors in MS therapies



Worldwide there are 54 products listed in the PHARMAPROJECTS database for biotechnological MS therapy. The majority of products are developed by companies with headquarter in the USA (37 products). Nine products are developed by companies located in the EU25, none in Japan and eight in the rest of world (Australia, Canada, Israel, Switzerland,South Korea). The EU and the USA are equally positioned in terms of launched products. Considering the strong pipeline activities in the US there is the risk that US companies will dominate the market in the future.
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Appendix: A1. List of Internet-Addresses http://www.ms-life.de/mslife/aktuelles http://www.europeanmapofms.org/query.aspx http://www.frost.com http://www.netdoktor.de/medikamente (Rebif, Avonex, Betaferon) http://www.rentschler-biotechnologie.de/index.php?L=0 http://www. bioimpact.org http://www.serono.com/index.html http://www.biogen.com/site/025.html http://www.schering.de/scripts/de/index.php http://www.schering-plough.com/schering_plough/pc/hepatitis.jsp http://www.igb.fraunhofer.de/WWW/GF/Pharma/dt/GFPH_203_IFN-beta.dt.html http://www.isicr.org/pdf/IFNprimer_ISICRApril_2006.pdf http://www.oecd.org/searchResult/0,2665,en_2649_201185_1_1_1_1_1,00.html http://www.biotechpropertyrights.uni-bremen.de/empirie/erfasste-sachverhalte/chronologien/ http://www.biotechpropertyrights.uni-bremen.de/empirie/erfasste-sachverhalte/chronologien/ Interferon-beta/w00000729/odyframe.htm http://www.biotechpropertyrights.uni-bremen.de/empirie/erfasste-sachverhalte/chronologien/ avonex-/w00000731/odyframe.htm http://www.biotechpropertyrights.uni-bremen.de/empirie/erfasste-sachverhalte/chronologien/ betaferon-betaseron-/w00000733/odyframe.htm http://www.biotechpropertyrights.uni-bremen.de/empirie/erfasste-sachverhalte/chronologien/ rebif-/w00000735/odyframe.htm http://www.leben-mit-ms.de/ms/template/patienten %2Ctherapie %2Cdiebehandlung % 2Cdiebehandlung_Interferone.jsp/m/s http://www.biotechpropertyrights.uni-bremen.de/empirie/erfasste-sachverhalte/ produktetechnologien/multiple-sklerose/w00000884/odyframe.htm http://www.ms-infozentrum.de/article.php?sid=616&mode=threadedℴ=0&thold=0 http://www.copaxone.de/ http://www.avonex.com/msavProject/avonex.portal/_baseurl/threeColLayout/SCSRepository/ en_US/avonex/home/avonex-services/index.xml http://jnnp.bmjjournals.com/cgi/content/full/76/1/58 http://www.myelin.org/ http://www.msif.org/en/ http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list _uids=16847774&query_hl=1&itool=pubmed_docsum http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstract&list _uids=16629762&itool=iconabstr&query_hl=4&itool=pubmed_docsum http://www.msaa.com/contact.html http://www.nationalmssociety.org/Local %20PR %20Contacts.asp http://www.ms-society.ie/ http://www.mssociety.org.uk/about_us/pressoffcontact.html http://www.voca.dk/sclerosis_society.html http://www.ms-in-europe.org/contact/index.php?kategorie=contact&kategorie3=contact http://www.ingentaconnect.com/content/sage/ms/2005/00000011/00000005/art00010?token= 004613918473048296a7c2849266d656c595c5f3b3b4767734877257070742b2f425a9 http://www.dgn.org/122.0.html
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5



Case study: Glucocerebrosidase for Gaucher`s Disease



5.1



Introduction



5.1.1



Reasons for selection of the case



This case study will describe the impact of biotechnology on the development of a therapy for a potentially lethal genetic condition. The specific example chosen is a therapy for Gaucher’s disease (see 5.2.1) using a modified form of the enzyme glucocerebrosidase, marketed as Cerezyme®. Biotechnology has played several roles in the process of Cerezyme® development; starting with the discovery of the genetic basis for Gaucher’s disease, then in developing and validating the enzyme replacement therapy, and finally in production of the therapeutic molecule. Molecular genetics was involved in the elucidation of the genetic basis for the disease, and in the cloning of the glucocerebrosidase gene (see 5.2.1). Molecular biological techniques were further used in the early 1990’s to clone this gene into a mammalian cell to produce a recombinant form of the glucocerebrosidase enzyme which was launched in 1994 under the brand name of Cerezyme®. A specific feature of the case study is that Gaucher's Disease is a very rare condition and there is a small market for such disease therapies. Although research for a treatment of Gaucher’s disease started before the introduction of the US Orphan Drug legislation in 1983 (Table 5-3), it was facilitated by the tax and market incentives that resulted from this legislation. The case study also highlights some issues relating to the cost of Cerezyme® and of other therapies for rare diseases. This is expected to become an increasing issue for EU public health agencies as further therapies for rare diseases are developed and approved.



5.1.2



Purpose of the case study



The case study will illustrate two aspects of the impact of biotechnology. These are: (a) The potential of biotechnology to elucidate the cause of disease and to develop and produce effective therapies. The case study illustrates the different biotechnology ‘tools’ that have played roles at different stages in the development of the Cerezyme® therapy. Molecular biology and genetic technologies identified the gene responsible for Gaucher’s disease and the function of glucocerebrosidase. Gene expression technologies then provided a mechanism for production of the missing enzyme. (b) Socio-political issues related to the cost of therapies for rare diseases, which are defined as diseases affecting less than 1 in 2,000 of the population. It is estimated that between 5,000 and 8,000 distinct rare diseases exist today (of which 80 % have a genetic origin), and that they affect 6 to 8 % of the EU population in total, or up to 36 million Europeans.145 Cerezyme® is an expensive therapy for one such disease. Payment for this therapy from public funds has generated major debate in many countries. The issues which have arisen for health authorities in different EU and other countries are discussed in Section 5.4.2. As further therapies for rare diseases are developed, it is likely that this debate will be repeated in many EU countries and beyond.



145



Data from EURORDIS – European Organisation for Rare Diseases
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5.2



Case description



5.2.1



Gaucher’s Disease: Occurrence and clinical impact



Gaucher’s Disease or Gaucher disease is an inherited metabolic disorder caused by one or more genetic defects which result in functional deficiency of an enzyme called glucocerebrosidase or glucosylceramidase. The disease was first described in France in 1882 by the physician Phillippe Gaucher. The genetic defect is on a single recessive gene and over 200 different mutations have been shown to occur worldwide. However, four of these mutations account for over 50 % of the observed disease. It affects less than 10,000 people worldwide146, with a particularly high incidence in the Ashkenazi Jewish population. Specific national studies show, for instance, a prevalence of 1 in 57,000 in Australia147 and 1 in 86,000 in the Netherlands148. The absence of the glucocerebrosidase enzyme causes abnormal accumulation of lipids within the lysosomes of macrophages, resulting in cellular enlargement. These enlarged cells, called Gaucher cells, are found in the spleen, liver and bone marrow, where they cause functional abnormalities of these organ systems. The disease is lethal in some cases. Gaucher disease is one of several lipid storage, or lysosomal storage diseases (see Table 5-1). A feature of Gaucher is the wide variation in clinical symptoms among patients with the same genetic mutation. There are three types of Gaucher disease.



• Type 1 (non-neuronopathic)149 is by far the most common among affected patients. Patients in this group usually bruise easily and experience fatigue due to anaemia and low blood platelets. They also have an enlarged liver and spleen, skeletal disorders, and, in some instances, lung and kidney impairment. It is non-neuronopathic. i. e. there are no signs of brain involvement. Type I disease refers to the adult form, which also has the highest prevalence and is the best understood of the three forms. Symptoms can appear at any age, but generally do not tend to surface until adulthood. Since the severity of disease varies so drastically from case to case, it is estimated that an unknown %age of affected individuals are never properly diagnosed. Type I disease, including bone problems and organ enlargement, can be successfully relieved through administration of mannoseterminated placental or recombinant glucocerebrosidase.



• Type 2 (acute-neuronopathic) is rarer and affects less than 1 in 100,000. Liver and spleen enlargement are apparent by three months of age. Patients have extensive and progressive brain damage and usually die by two years of age.



• Type 3 (chronic-neuronopathic)150 is also rare and affects less than 1 in 100,000. Liver and spleen enlargement is very frequently there and very severe and signs of brain involvement such as seizures gradually become apparent, but are less severe than in Type 2. Signs appear in late childhood and some patients survive well into adulthood but many die in the second or third decade of their life.



There is a significant variability in the effects of the disease. Some patients may be almost symptomless, while others will be severely affected. Ernest Beutler, one of the pioneers of research into the disease genetics notes that “60 % of patients homozygous for the common ... mutation never come to medical attention. Accordingly, many - possibly most - patients with Gaucher disease require no treatment.“151 146



Estimate by Genzyme Corp. www.genzyme.com Meikle, P.J. et al. Prevalence of Lysosomal Storage Disorders. JAMA (1999) 281; 249-254 148 Reported by Global Organisation for Lysosomal Diseases: www.goldinfo.org/disease_search.aspx 147



149



Other names for this condition are (1) Acid Beta-Glucosidase Deficiency (2) GBA Deficiency (3) Glucocerebrosidase Deficiency (4) Noncerebral Juvenile Gaucher Disease 150



Also known as Juvenile or Adult Cerebral Gaucher Disease



Framework Service Contract 150083-2005-02-BE Consequences, opportunities and challenges of modern biotechnology for Europe - Task 2 Report 3/Deliverable 19 Page 78 of 179



Treatments for the disease are few. The mainstay of treatment is enzyme replacement (see 5.2.3). Others include: Substrate reduction. One option is to reduce the creation of cerebroside, whose accumulation is the clinical cause of Gaucher. An enzyme inhibitor, known as Miglustat, has been used to inhibit the formation of glucosylceramide, an intermediate in the formation of storage lipids. Clinical trials show that this drug has activity in Gaucher patients, reducing the size of both liver and spleen.151 Miglustat (Trade name Zavesca) is approved as a therapy for Gaucher Type 1 Disease in cases where enzyme replacement is unsuitable, and it is being trialled for treatment of Gaucher Type 3 and for related lysosomal storage disorders. It is produced by the Swiss company Actelion Ltd.152 An added advantage of Zavesca is that it is an oral treatment. The drug is less effective than enzyme replacement therapy and can have undesirable side-effects. Spleen Removal. In some patients removal of part of the spleen has been used to reduce the swelling caused by the accumulation of Gaucher cells. However, removal can accelerate bone disease, and nowadays it is only done in extreme cases. Bone Marrow Transplantation. Bone marrow transplantation has been successfully used at the Karolinska Institute, Sweden on severe Gaucher disease patients.153 It was shown that the disease could be significantly alleviated in those cases where the transplant succeeded. This success gives cause to believe that Gaucher disease will be a candidate for a gene therapy approach in the future (see 5.3.1). Bone marrow replacement as a therapy has the obvious difficulty that a marrow donor is required and that donor-matching is particularly difficult. There are also health risks associated with the transplant process which make this an unattractive approach to therapy. Bone marrow transplantation has been discontinued as a practice for Type I Gaucher patients since introduction of Enzyme Replacement Therapy.



5.2.2



Lipid Storage Diseases



Gaucher Disease is one of a group of diseases which are caused by genetic defects in lipid storage metabolism. Their common manifestation is the accumulation of lipids within lysosomes in one or more tissues, commonly the spleen, bone marrow or liver. In all, there are some 37 known lipid storage disorders, and further related diseases continue to be recognised. Gaucher Disease, although rare, is the most common of these diseases, and Sialidosis is the rarest with prevalence (in an Australian study) of 1 per 1.42 million live births. The combined prevalence of 27 of these disorders in Australia, in the period 1980 to 1996, was 1 in 7,700 live births.154 As in many genetic disorders, individual diseases will vary in prevalence within different countries due to genetic differences between populations.



151



Beutler E. The treatment of Gaucher disease in countries with limited health care resources. Indian J Hum Genet 2005;11:121-127 152 See www.actelion.com 153 Ringden, O. et al. Transplantation. 1995 Mar 27; 59(6):864-70. 154 Meikle, P.J. et al. Prevalence of Lysosomal Storage Disorders. JAMA (1999) 281; 249-254
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Table 5-1:



Most Common Lipid Storage Disorders155 Disease



Gaucher's Disease Fabry Disease Metachromatic leukodystrophy Pompe Disease MPS I: Hurler-Sheie Disease



Prevalence: 1 case per: 57,000 117,000 92,000



Affected Enzyme Glucocerebrosidase α Galactosidase Galactose-3-sulfatase



146,000



α Glucosidase



88,000



α Iduronidase



MPS II: Hunter's Disease



136,000



Iduronate-2-sulfatase



MPS IIIA: SanFillippo A



114,000



Glucosamine N Sulfatase



Krabbe's Disease



141,000



Galactoceramidase



Therapies for several of these diseases are already on the market: Fabrazyme for Fabry disease (Genzyme); Myozyme for Pompe Disease (Genzyme), and Aldurazyme for MPSI (Genzyme in collaboration with BioMarin Inc); Elaprase for MPS II (Shire Inc – only approved in the USA). Others are in development.



5.2.3



Development of Enzyme Replacement Therapies



Many genetic disorders result in the absence of an effective enzyme within the body. Enzyme replacement therapy simply compensates for this by injection (or other administration) of the enzyme at an appropriate rate and dosage. By the 1970s the involvement of glucocerebrosidase in Gaucher’s disease had been determined and extracts of the enzyme had been obtained from pancreas. Attempts at enzyme replacement using this unaltered enzyme were made in the US by Brady et al in 1974 156 and by Beutler et al in 1977. Also in 1977 a UK group used liposomes as the mechanism for delivery of the enzyme.157 However, these approaches used natural enzyme and had only limited success. The breakthrough in the development of the therapy was in modifying the enzyme to make it more accessible to certain macrophage receptors. The development of therapies using the above findings started with modification of glucocerebrosidase extracted from pancreas. This lead to the development by Genzyme of the Ceredase product which was a modified pancreas extract. In practice, the production of Ceredase required 22,000 human placentas to produce sufficient material for one patient per year. This placental extract was supplied by Merieux (Lyon). In 1985, the gene for glucocerebrosidase was sequenced and cloned158 and subsequently a recombinant, mannose-enriched enzyme was produced by Genzyme. This proved equally effective as Ceredase, and had the advantage of greater availability and the absence of potential contamination. Cerezyme® (or imiglucerase for injection) is an analogue of the human enzyme, (beta)glucocerebrosidase (see 5.2.1). It is a lysosomal glycoprotein enzyme which differs from placental glucocerebrosidase by one amino acid at position 495 where histidine is substituted for 155



LSDs with prevalence in excess of 1 per 150,000. Derived from a comprehensive study of the comparative occurrence of LSDs in Australia (1980-1996) by Meikel – see Footnote 9 above. 156 Brady R.O. et al. Replacement therapy for inherited enzyme deficiency: Use of purified glucocerebrosidase in Gaucher's disease. N Engl J Med. 1974;291:989–993 157 Belchetz PE et al. Treatment of Gaucher's disease with liposome-entrapped glucocerebroside: Betaglucosidase. Lancet. 1977;2:116–117 158 Sorge J, West C, Westwood B, Beutler E. Molecular cloning and nucleotide sequence of the human glucocerebrosidase gene. Proc Natl Acad Sci U S A. 1985;82:7289–7293
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arginine. The enzyme catalyzes the hydrolysis of the glycolipid glucocerebroside to glucose and ceramide. It is produced by Genzyme (see 5.2.4) using recombinant DNA technology in mammalian cell culture. Genzyme launched glucocerebrosidase in the USA in 1994 following a development programme involving collaboration with several of the various US NIH and other scientists who had elucidated the genetic cause of the disease, including Barton and Beutler (see footnotes146, 147 and 148). The details of the production of Cerezyme® by Genzyme have been described by Hoppe (2000).159 Table 5-2:



Enzyme replacement therapies for Gaucher Disease



Company



Country



Genzyme Corp



USA



BioRazyme



Israel



Oral formulation of glucocerebrosidase



Development apparently ceased



Shire



UK



Gene-Activated Glucocerebrosidase in development in US subsidiary



Entering Phase III trial



Israel



Glucocerebrosidase produced in plant cells



Seeking Phase III approval



Protalix Therapeutics



5.2.4



Activity



Status



Glucocerebrosidase (Imiglucerase)



Launched



Glucocerebrosidase (Alglucerase)



Launched



Companies involved



Gaucher disease is a rare disease and the small market for such therapies has historically attracted little interest from the pharmaceutical industry. Such rare diseases are unattractive to the pharma industry for many reasons. The main reason is clearly the small number of patients affected and the consequence that there is a small market for the drug. Therapies for rare diseases are also at a disadvantage in demonstrating efficacy and cost-effectiveness to regulatory and health insurance agencies. Because there are only a very small number of people to treat, it is often difficult to get patient samples at a scale which will provide sufficient data to satisfy regulatory and health authorities160. To encourage greater interest in research and therapies for rare diseases, the concept of orphan drugs was initiated in the US in the 1980’s. This initiative was strongly supported by patient organisations representing diseases in which the pharmaceutical industry had shown little interest. The Orphan Drug Act was enacted in the USA in 1983 and provided a package of incentives for those developing therapies for diseases with a prevalence of less than 200,000 patients/year or 7.5 sufferers per 10,000 inhabitants. The package included research funding, extended patent life, tax benefits, a ’fast-track’ system for regulatory assessment by FDA, and a period of market exclusivity for the therapy. These incentives caused increased interest in therapies for rare disorders in the US. The US Orphan Drug Act of 1983 has been followed by similar legislation in Japan, Australia and the EU (see Table 5-3).



159



Henry Hoppe, Recombinant glucocerebrosidase and Lyme disease vaccine made by genetic engineering. J. Biotechnology 76 (2000) 259–263 160 Clarke, J.T.R. (2006) Is the current approach to reviewing new drugs condemning the victims of rare diseases to death? A call for a national orphan drug review policy. Canadian Medical Assoc. J., 174(2), 189-190.
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Table 5-3:



International legislation for orphan drugs



Country



Legislation & Date



Prevalence rates for 'Orphan' status*



US



Orphan Drug Act 1983



< 200,000 patients = 7.5/10,000 inhabitants



Japan



Orphan Drug Legislation 1993



< 50,000 patients = 4.0/10,000 inhabitants



Australia



Orphan Drug Program 1998



95 % 
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