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Executive Summary
In 2005 the WHO’s Malaria Program organized an initial “Meeting on the Production of Artemisinin and ACTs” in Arusha, Tanzania.  In the two years following this meeting much has changed in the industry, prompting MMV and WHO to propose and organise this second conference to enable experts, partners and producers to learn of new technologies and innovations being developed, to discuss evolutions of the market and to address the problems currently facing the industry.

Since 2005, 69 countries out of 77 with falciparum resistant malaria have adopted ACTs, and increased public money has become available (through the global fund and other donors) to support the purchase of these life-saving drugs. However, the forecasted availability of ACTs (125 million treatments in 2007) is still well below actual needs (500 – 600 malaria cases annually of which 200 million are confirmed).

Following shortages of Artemisia/artemisinin in 2004-05 the industry reacted positively to the call for increased production of Artemisia annua. This increase in production capacity was not linked to the level of secured and sustainable financing for procurement, efficient disbursement mechanisms and functioning supply management systems leading to inadequate supply/demand forecasting, but was largely due to poor communications within the industry.  Both Artemisia annua growers, artemisinin (active pharmaceutical ingredient) suppliers and the ACT producers confirmed these findings at the Bangkok conference, reporting that this unprecedented increase in 2006 has led to an over-supply situation in 2007, resulting in excessive stocks of artemisinin, particularly in China and Vietnam, and very low prices of raw materials to the detriment of farmers and extractors.  As a consequence, farmers are very wary of continuing to plant A.annua in 2007-2008 and many will revert to other more profitable and predictable crops.  In China and Vietnam it was reported that plantings in 2007 might be less than half of 2006, and in Africa the viability of new plantings and investments in extraction facilities are now under serious threat.

With planned increases in available funds for ACT purchases and with new ACTs now in the final stages of development and registration, there is a very real fear of shortages in artemisinin, and thus ACT supply, in 2008/9.  Moreover, growers will be reluctant to replant A.annua, even if prices rise, unless confidence can be reinstalled within both the agricultural and pharmaceutical industry involved in this sector.

The WHO requirements for API prequalification and quality assurance were presented at the Bangkok conference, as well as the WHO manual on “Good Agricultural Practices for Artemisia”.  This manual was criticized by the participants, for being too generic and, therefore, of limited practical use by workers in the field.
Presentations were also made on new research and development being undertaken in artemisinin extraction, purification and testing technologies (FSC/Medicines for Malaria Venture (MMV), Institute for One World Health (iOWH), Amyris Biotechnologies, University of California, Berkeley (UCB)  and new, high yielding Artemisia annua varieties (York University – Centre for Novel Agricultural Products)..
The conference brought together over 90 growers, extractors, pharmaceutical company representatives, researchers, and donors, resulting in a wide representation from all over the world.  The outcomes of the structured break out/feedback sessions and country presentations on artemisinin production brought to the fore very real issues facing the industry, presented by experts in the supply of API and the marketing of ACTs.  

Main recommendations for the way forward
Four breakout sessions discussed the current issues and needs affecting the cultivation and production of Artemisia annua, the analysis and testing artemisinin, its extraction and purification, and the ACT market. Participants reached consensus on the following activities:

· Increase communication between all sectors of the industry to improve long-term coordination and planning throughout the production and marketing chain (including development of an industry specific web site).

· Urgently increase sustainable funding for ACTs, which will not only increase ACT availability, but also provide confidence throughout the supply chain, i.e., by helping to stabilise Artemisia/ artemisinin prices to farmers and extractors, ensuring present and future Artemisia plantings and protecting present investments (e.g., planting and extraction in Africa).

· While maintaining quality and GMP production standards, speed up the pre-qualification and/or accreditation of ACTs to ensure increased competition and encourage lower prices of quality ACTs and promote drug development.

· Increase involvement of pharmaceutical companies and private companies involved in country drug distribution systems in the ACT public/donor planning process, including the design of the proposed Global ACT Subsidy.

· Improve drug access, with particular emphasis on developing new access initiatives with the existing private, in-country, distribution chains.

· Urgently investigate Artemisia annua plant structures to identify other useful components/ molecules which can be extracted, and/or those which might impede extraction and purification.

· Continue support to new technologies which will minimise post-harvest losses of Artemisia and reduce the costs of processing, especially in the secondary purification stages.

· Introduce improvements to the existing extraction facilities e.g. Hexane, which will increase efficiency, safety and minimise environmental risks.

· Urgently identify standard instrumentation/sampling for testing/assays and introduce standard practice/certification for laboratories analysing artemisinin levels.  Also identify new, quick methods of artemisinin testing of leaves in the field.

· Investigate technologies which, through their ability to process a range of crops/biomass, will increase the sustainability and viability of extractors/processors.  These could be linked with future bio-refineries, i.e., for bio-energy production.

· Increase support to develop improved agronomic practices and new varieties that will result in higher yields per hectare. This will increase incomes per ha to the farmer and make A.annua competitive with other crops, resulting simultaneously in lower costs per tonne to the extractors, i.e., lower raw material prices.

Summary of conference proceedings and presentations
Welcome and official opening
Dr Yongyuth Yuthavong, Minister of Science and Technology, Thailand

Dr Yuthavong inaugurated the meeting. He expressed his keen interest in and support for, the meeting, saying that the artemisinins were an ‘amazing family of drugs’. He said it was unfortunate that the production of Artemisia annua had gone through a period of over-supply and felt that it was important to find ways to ensure a steady supply of the plant from which artemisinin, the ‘last bastion against drug-resistant malaria’, was extracted.

Opening remarks 

Charles Dellacollete WHO, Bangkok
Dr Dellacollete spent 15 years in malaria-endemic countries and recently in Thailand and the Mekong region, where he witnessed the dramatic reduction of malaria due to the use of artemisinin. A similar success story was seen in China and Vietnam. He felt that the conference was important and stated that WHO was keen to collaborate with ‘all actors in the artemisinin theatre’. In spite of the 2004 Global Fund warning to grantees that they would receive no support unless they used artemisinin-based drugs, Africa is still using chloroquine (CQ) and sulphadoxine-pyremethamine (SP). This needs to change. He felt that innovation was critical, but so was the sharing of information throughout the ACT production and marketing chain as was ensuring that quality levels met required international standards. He expressed concern about the availability of medicines in the ‘grey sector’, outside the existing registered pharmaceutical distribution channels and outlets, as the use of monotherapies and sub-standard products raise the risk of resistance towards artemisinin and its derivatives. 
Objectives of the meeting




Maryse Dugué, WHO (Roll Back Malaria Partnership)
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This meeting on Artemisinin production and market needs was convened to:

· Bring together experts, partners and producers to discuss common issues 

· Share knowledge and information on production techniques, areas planted, extraction methods and capacities 

· Help to solve problems in view of emerging issues, notably market instability 

· Foster networks of actors in the market.

In addition, the aim of the meeting was to review:

· ACT market: trends and evolution 

· Artemisinin supply and market: trends and evolution 

· Seeds and farming practices 

· Extraction and purification processes: update on technologies, cost/effectiveness, feasibility 

· Quality assurance for API 

· Sampling and laboratory tests (artemisinin content of leaves and extracts): methods and techniques. 

The market of ACTs, trends and evolution

Maryse Dugué, WHO (Global Malaria Programme)
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· WHO treatment guidelines recommend four ACTs for treatment of uncomplicated Plasmodium falciparum malaria: artemether/lumefantrine (AL), Artesunate + amodiaquine (AS+AQ), , AS + mefloquine (AS+MQ), AS + Sulfadoxine/ Pyrimethamine (AS+SP), and bans the use of artemisinin monotherapies

· Although there has been no treatment failure due to artemisinin resistance so far, including at the Khmero-Thai border area, a decrease of in vitro sensitivity has been recorded in China and Viet Nam, as well as individual case reports of treatment failures in India, Cambodia and Thailand.

· Procurement and funding agencies take the ban on monotherapies seriously

· 69 out of 77 malaria endemic countries have adopted ACTs rapidly, the majority over 2005-06 –  the lag time between ACT adoption and its implementation is 12-24 months due to delays in fund disbursement, supply chain management and training needs within countries. This trend led to a major increase in procurement of ACTs in 2005 but the rise is expected to be less steep over 2007-09 

· Production capacity is floundering to keep up with this rapid adoption of ACTs.

· There is a gap between the forecasted global demand (125 million treatments in 2007) and the actual needs (estimated 500-600 million malaria cases per year)

· To close this gap, the private sector must be involved – this is a challenge

· The Global Fund funded 85% of ACTs procured in 2006 for public sector distribution – the rest was covered by other initiatives, notably US president Malaria Initiative and World bank Booster Program
· High ACT prices limited the penetration of these medicines in the private sector, which covers as much as 60-80% of the market for antimalarial treatments in many African countries
· Global ACT subsidy project: would also cover the private sector. Expected proposition in November 2007. No certainty, as long as no funds have yet been committed by donors

· Increased treatment and vector control by reducing malaria transmission will also reduce antimalarial drug requirements. 
Discussion

Michaela von Freyhold, Bremen University: If there is an over-supply of raw materials for ACTs why are people still dying? Why are we still only distributing the most expensive ACT (Coartem) when most people can’t afford it? In Tanzania a mix of loose AS and AQ is given for malaria and no study has yet shown that there was reduced patient compliance. The WHO monotherapy ban will threaten this life-saving treatment.

Why can’t the Vietnam example of a robust public health programme to ensure delivery of antimalarials be emulated?

Maryse Dugué: Solutions are not transferable between countries

Malcolm Cutler: But as Michaela says banning a range of treatments without having adequate alternatives does leave a gap

Maryse Dugué: More ACTs are in the pipeline; drug policies are chosen by countries on the basis of evidence on resistance to treatment regimen (it is not correct to use a combination when one of the drug of the combination is already facing a high level of resistance, that’s the equivalent of monotherapy); Coartem prices have been cut by 30%. The weakness of health systems is a huge obstacle to the delivery of drugs.
Prequalification and quality assurance requirements for API

Olivier Gross, Quality Assurance and Safety: Medicines (QSM), WHO
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WHO’s Prequalification Program ensures that medicines procured with international funds are of assessed and inspected quality, efficacy and safety.

Dr Gross explained the entire process of prequalification undertaken by the WHO. 

Each technical dossier submitted by manufacturers to prove the quality of the API and finished products, is assessed by at least two assessors.  

A team of inspectors, including a WHO qualified GMP inspector, conducts inspections at both API manufacturing sites as well as at manufacturing facilities for finished products to ensure these meet GMP standards and can consistently deliver quality products. 

It is interesting to note that only 5 antimalarial manufacturers have been prequalified since 2001 compared to 140 manufacturers of HIV-AIDS drug. 

The purpose of the prequalification programme is to select good quality and efficacious antimalarial drugs in the interest of public health in developing countries.

For more information: http://mednet3.who.int/prequal/  
The supply of artemisinin, trends and evolution

Jacques Pilloy, OTECI Artepal
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The artemisinin market is of great interest, but not everyone is willing to share information. Often, there is confusion between capacity and real production. 

Cooperation is urgently needed, as shared in-depth knowledge will lead to good decision-making for everyone, ensure that artemisinin is pegged at a fair price and avoid shortages.  
Using the figures he has been able to gather, Mr Pilloy spoke of the cost of the seeds and dried leaves, the average artemisinin content, global production, global demand, price, and factors determining price of artemisinin.  For example, prices of leaves in 2006 were between $400 -800/tonne to the farmer whilst artemisinin prices have been between $180 -200/tonne, which is way below cost price.  

Mr Pilloy has offered to gather figures to analyse the market and publish the results regularly on www.artepal.org.

Discussion
Clive Ondari, WHO, stressed the need to optimise ways of collecting information on prices, production volumes etc.  Lessons could possibly be learnt from the way that the price information of commodity foods were regularly collected and disseminated.

Good agriculture and collection practices

Yingrong Du, Traditional Medicine, WHO 


[image: image7.emf]Good agricultural 

practices - Yingrong Du


The WHO Monograph on good agricultural and collection practices (GACP) was drafted in early 2005. This draft document was reviewed twice by nearly 100 experts from 35 countries before being finalised by the WHO. 

The purpose of the monograph was to 

· Provide practical and specific technical guidance in cultivating and collecting A. annua 

· Promote good quality with high yield of A. annua 

· Facilitate sustainable production of Artemisinin-based medicines 

· Provide a model for countries to develop their national GACP monographs for other specific needs.
The monograph provides:

· Technique and method for the cultivation and collection of A. annua
· Research data and the practical experiences of several countries with high yield of good quality A. annua 

· Guidance to be used in conjunction with other WHO documents and publications, for example, WHO guidelines on good agricultural and collection practices (GACP) for medicinal plants 2004. 
http:// www.who.int/medicines/areas/

 HYPERLINK "http://www.who.int/medicines/areas/traditional/en/index.html" \t "_parent" traditional/en/index.html 

Discussion

Anthony Ellman was part of the team which compiled the GACP manual. He questioned why the manual had taken so long to be published, and why being too generic it is of limited practical use. Certain sections of the manual are already out of date and many of the practices outlined are generic, whereas in reality they have to be developed on a regional basis to allow for local climatic and other conditions

Charles Giblain (Madagascar producer) called for more direct assistance to producers to help increase consistent yields of Artemisia and artemisinin content
Comparative assessment of artemisinin extraction technologies

Alexei Lapkin, Bath University, UK
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The current method of artemisinin extraction uses hexane/petroleum ether. The aim of Dr Lapkin’s study was to: 

· Review most reliable data on artemisinin extraction

· Compare technologies in terms of efficiency, economics, environmental performance, scalability, mobility

· Identify where improvements must be made.

The conclusions were:

· New technologies (HFC-134a and ionic liquids) are potentially equal or better in extraction efficiency, extraction time, and costs than hexane.  

· Both technologies are also safer and are potentially more environmentally benign (accepting that care has to be taken to ensure complete recycling and capture of the solvents).   

· HFC-134a is a proven technology for the extraction of a wide range of other natural products. 

· Ionic Liquids show considerable promise. The immediate problem of regeneration of the ionic liquid solvent and solvent recovery from the biomass is now being investigated.  

· scCO2 has high efficiency and speed of extraction. Its limitation is the higher capital and running costs, together with the need for experienced management due to the higher operating pressures and rig complexity.
New Developments in the artemisinin production chain

Malcolm Cutler, FSC Development Services Ltd, UK
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An artemisinin shortage in 2004-05 led to calls for an increase in production – i.e. more hectares under cultivation, higher tonnage yield per hectare, higher artemisinin content and better consistency. As a result, in 2006, China, Vietnam, Africa and India witnessed increases in production, higher-yield A. annua varieties, increased knowledge and better agronomic practices. Consequently this led to an over-supply of artemisinin.

There is an urgent need to match supply to demand and reduce cost of artemisinin to the extractors (per tonne) while increasing the yields per hectare (higher income to the farmers), with a resulting potential decrease in ACT costs.  Only then can consistent artemisinin supplies be achieved and increased access to malaria drugs become a reality. 

Following the extraction benchmarking study in 2006 (presented by Dr Alexei Lapkin), Malcolm Cutler has visited growers, producers and researchers in China, Vietnam, Africa and India. The findings of these visits support Jacques Pilloy’s comments that accurate production figures are very hard to identify.  The visits also reinforced the need for work in specific areas to help increase production efficiency and reduce raw material costs.  Additional research in 2007 (with support from the Dutch Government, though MMV) is therefore concentrating on:
· Post-harvest drying studies with Mediplant Switzerland to reduce post-harvest losses of dry leaf (up to 40% at present) and improve storage times and quality

· Continued support to specific extraction technologies, i.e., ethanol (Bremen University), HFCs (Bath University and Ineos Fluor), Ionic Liquids (Bionics)

· Improve efficiency and lower costs of purification (Bath University, Rothamsted, Cranfield University)

· Investigate the possibility of developing more efficient methods of artemisinin derivitisation

· Identify and bench mark, testing/analysis methods and instrumentation in order to recommend one practical method of artemisinin analysis which provides accurate and consistent results.  Ultimately provide certification to test labs.

Fast-track breeding of Artemisia annua: Meeting Global Demand 

Maggie Smallwood, Centre for Novel Agricultural Products, York University, UK
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The aim of the CNAP project is to produce a cost-effective plant product, which will stabilise supply and reduce production costs of artemisinin for ACTs. Plant artemisinin yield can be augmented by:

· Increasing the leaves on a plant

· Increasing the trichomes on a leaf

· Increasing the artemisinin per trichome.
The project strategy is to increase the genetic diversity of the A. annua plant, identify individual plants with high artemisinin, and develop robust varieties. 

The expected earliest date to market the new high artemisinin content variants of Artemisia annua is 2010.

Artemisia in Brazil: Cultivation and production

Pedro Melillo Magalhaes, University of Campinas, Brazil
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The University of Campinas, Brazil, is working with Sourcetech Quimica, a Brazilian company dedicated to the development and the production of active principles for pharmaceutical usage, to cultivate, extract, purify, and synthesise derivatives of artemisinin. 

This public-private-partnership (PPP) will produce 99.5% pure artemisinin and estimates that by 2009, it will have 600 ha of land under A. annua cultivation, which will produce a harvest of 1.44 tons of dried leaves from which 11.5kg of artemisinin can be extracted.

Semisynthetic Artemisinin

Tue Nguyen, Institute of One World Health, USA
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A PPP under the aegis of IOWH (partners include the University of California, Amyris Biotechnologies, IOWH and the Gates Foundation) is researching ways to produce reliable, high quality, low cost, semisynthetic artemisinin to augment plant-derived artemisinin in the manufacture of ACTs.
· The semisynthetic process will consist of microbial fermentation to produce artemisinic acid (AA) followed by chemical steps to reach artemisinin.

· All processes will meet stringent specifications 

· The artemisinin produced through biosynthesis is expected to cover the needs of 200 million treatment courses of ACTs.
Potential impact of new drug development

Joerg Moehrle, Medicines for Malaria Venture, Switzerland
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MMV, in partnership with the University of Nebraska, the Swiss Tropical Institute, Basel, and Monash University Australia, is researching a new class of synthetic peroxides (the OZ project) as a viable alternative to artemisinins. The expected product is expected to be a fully synthetic, low cost, 3-day treatment regimen when used in combination with other antimalarial drugs and should be more potent than currently available semi-synthetic artemisinin derivatives in reducing parasite burden.

The primary goals for this OZ project, currently in the pre-clinical phase, are the provision in combination of a single-dose oral cure for patients with uncomplicated P. falciparum malaria (and possibly P. vivax). 
Stability issues with current and new artemisinins in relation to ICH guidelines

Richard Haynes, Hong Kong University of Science and Technology
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The HK University of Science and Technology is currently comparing the thermal stability of artemisinin derivatives DHA and artesunate produced in various countries including China, India, Switzerland, and Belgium. It has concluded that the available artesunate is superior to DHA on this particular factor.

The University has also researched a new artemisinin derivative, Artemisone, which represents a new artemisinin class. This ‘New Artemisinin’ shows greatly enhanced efficacy, enhanced stability, is cheaper than the current 'gold standard' artesunate, and has a longer half-life than artesunate or DHA.

Artemisone is the first artemisinin to 

· Be developed entirely within Western drug regulatory guidelines

· Be prepared according to established medicinal chemical principles

· Elicit non-neurotoxicity according to validated in vitro and in vivo screens.
The views of ACT manufacturers

Ian Bathurst, Medicines for Malaria Venture, Switzerland
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Dr Bathurst provided a brief summary of the Artemisinin Consortium meeting held on 18 June at the MMV offices in Geneva. 

Participants included

· Representatives from the BMGF, IOWH, MMV and University of York UK, who make up the Consortium

· Representatives from GSK, Holly, Mepha, Novartis, Pfizer, Sanofi-aventis and Sigma-tau, companies who are already or soon to be involved in the manufacture of ACTs 

· Staff from the WHO’s RBM partnership / Global Malaria Program. 

The pharmaceutical companies responded to the Artemisinin Consortium on questions regarding current supply, quality and regulatory issues.

Individual, short, presentations 
These were made by representatives from the main Artemisia producing countries (and were unscripted)
Charles Giblain – Bionexx, Madagascar

· The WHO 2005 meeting encouraged an increase in Artemisia production in Africa. This led Bionexx to initiate a structured trial and development programme that is now in commercial production.  They are also working closely with a local natural products extractor to produce high quality artemisinin.  Their main problems have been:

      -   To grow Artemisia with consistently acceptable yields .

· Artemisia production is treated as an agricultural, not health product and therefore does not attract support
· More financial support is required to help local producers such as Bionexx develop viable and sustainable production of Artemisia.

Dr Liu, Holley Pharma, China

· There are around 80 manufacturers of API in China, most of which do not have Chinese approval

· Artemisinin is now being produced below cost price

· There will be substantial reductions in hectarage of Artemisia planted in 2007 up to 2009, due to the low prices and lack of confidence by farmers

· Pre-qualification of ACTs needs to be accelerated

Prof Do, Vietnam (affiliation)
· Production of Artemisia and artemisinin is now becoming uneconomic in Vietnam due to the low prices.

· In 2004-05 production in Vietnam was 2,600ha, which grew to over 8,000 ha in 2006.  Farm prices for leaf was around $930/tonne in 2004-05 but is now around $310/tonne.  These prices are not economical and many farmers are not planting Artemisia as other crops are more viable

· Many extractors are low efficiency and, with price of artemisinin being so low, will also go out of business.  $250/kg of artemisinin still allows adequate profit distribution.
· Extraction – need a more selective solvent to improve efficiency and reduce costs of purification

· Need for quick field test of artemisinin in leaves.
John Logan, Advanced Bioextracts Ltd (East African Botanicals), Kenya
· Average yield of dry leaf is 1 Tonne/ha with a maximum 1.2% artemisinin yield.   3-3,500ha /yr production, giving 4,000T of leaf, extraction 20-25T/yr artemisinin.  Planting to harvest is 110-120 days

· Problems with drying of crop in rainy season and post-harvest losses.

· Problems with getting efficient extraction, i.e., although laboratory tests show high level of artemisinin content in the leaf, they are having problems actually extracting it.  Why?

· Need to assay and select leaves in field yourself, not accept those given by farmer.
Mark Blanchard, Artemisinin and Farming International Group, Vietnam
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· Has been undertaking feasibility studies for Artemisia production in Vietnam, Madagascar and Queensland, Australia

· Now starting production in Vietnam, 2007 and in Madagascar, 2008, and Queensland 2009

· Planned integrated small-holder schemes through to extraction.

· Goal is to have 600ha under cultivation in Vietnam and 600ha in Madagascar by 2010

Bruno Jansen, DAFRA Pharma, Belgium 
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Dr Jansen presented a review of the present ACTs and emphasized the fact that quality ACTs started with quality API.  One of the major problems now facing both end-users and practitioners is the increase in counterfeit drugs and also those with less than the required or stated amount of API.  Dafra has recently carried out independent tests on a number of DHA-based treatments, none of which contained the required amounts of DHA and all had between 3% and 5% impurity levels (maximum tolerated quantity is 2%).
Dr Jansen also presented a unique development whereby they have been working with Plant Research International, Wageningen in Holland researching the potential of producing artemisinin from Chicory.  Chicory is grown as an industrial crop in Northern Europe and it is proposed to extract dihydroartemisinic acid for the production of artemisinin.  Yields of 40kgs dihydroartemisinic acid are possible per ha of chicory.  The aim is to produce ACTs at £0.50/adult treatment.

Group discussion on in-country experience

The following points were raised during the discussion/comment section:

· Extraction methods:  Relating to pure artemisinin (without further derivitisation) - if used as API, the extraction method needs to be qualified, i.e., GMP levels - current extraction methods and standards might not meet stringent criteria.

· Other examples in the food industry show, that improvements of production/processing might be sustainable over older, cheaper technology i.e. efficiency, safety etc whereas cost issues should only be part of the assessment. 

· New extraction technologies: need to show increase in efficiency, improve solvent loss and lower costs over existing methods.  It can take up to 1 1/2 yrs to develop the required protocols to satisfy buyers.

· FAO involvement in Good Agricultural Practice (GAP) for Artemisia: FAO has not expressed interest, and the Artemisia annua crop is not seen as a priority. 

· Artemisia bank: not the WHO preferred way. Who would take the risk to implement an Artemisia bank? China - since Artemisia is a politically strategic crop? It is risky to be dependent on a single geographic region. In previous years, diversification was promoted. 

· World Bank as an initiator and keeper of an artemisinin bank? - Unlikely, because this is not the mandate of the World Bank.

· Artemisia growing is not seen by donors as a part of the public health issue, therefore lack of funds. 

· Artemisia as a catalyst to develop African capacities to grow, extract, purify and manufacture plant-based medications:  In 1999 a DFID-funded pilot study to investigate African-based artemisinin production and a subsequent Technoserve study in 2004, showed the potential for African production.  There is a strong political emphasis to develop capacities, especially if there is local value added within the supply chain, i.e., through to derivitisation and local ACT manufacture. 

· WHO assisted African producers to reach GMP levels, efforts ongoing requiring more funds (from EU). 

· Cultivation and extraction in East Africa has reached high levels of quality and documentation. 

· Coordination is needed between national and WHO initiatives to implement GMP in DEC.

· Acceptable sustainable price for Artemisinin (rapid assessment initiated by the Clinton Foundation at the conference): approx $250-275 minimum to $300.

· Global subsidy: still only a proposal, not approved and the financial resources have not yet been provided. Suppliers should not dramatically ramp up capacities based on these preliminary discussions.

· Global fund: can countries freely decide on allocation of funds between anti-malarial strategies? Countries need to specify the budget between transmission control methods and making drugs available (this has to be specified in the countries’ proposition, and is reviewed by the Technical Review Panel, which assesses the quality and suitability for funding, of the proposition). Transfer of money to procurement will be accelerated in revised policies. 

· National Malaria Programs procure treatments according to their national treatment guidelines, WHO makes recommendations according to resistance profile, information is transparent and available through website. Global Fund should procure prequalified (PQed) products. UN agencies cannot procure non-PQed medications if there are PQed alternatives. 
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= Testing and Analysis
- Bench marking a range of HPLC technologies —
Bath University, Bionics and Shimadzu
- Laboratory certification — analysis methods, sampling etc






EXTRACTOR & PHARMA
COMPANY INPUTS

= Where best Is support and research
directed to reduce costs.

= JOINT DEVELOPMENT OF:
- Monographs
- Acceptable extraction/purification
protocols
- Drug master files
CONSIDER WHOLE PRODUCTION CHAIN






PRODUCTION OVERVIEW
2006

= China-~ 25,000 ha (50,000ha seed)
200T artemisinin (100T in store)
1.8 -2.25 T/ha and av 0.8%
200 extractors
2007 — 16,000 ha ? — 150T
= Vietnam - ~ 10,000 ha (50T in store)
1-2T/haand av 0.8%
20 extractors
2007 — 2-3,000 ha? -~ 30T
s East Africa - ~ 3-4,000 ha

Yields 1 — 2.5 T/ha (up to 5+) and 0.7 — 1.2% (up to 1.54%). Aim is for 4.5T/ha and
1.4%.

3+ extractors (including Madagascar)
= India - 200ha - yields as above
2007 — 100ha ?






DRUG ACCESS

= EMPHASIS ON ACT's
- Higher Costs
- Threat from monotherapies and

counterfeit drugs

= INCREASING BUT LIMITED PUBLIC
~FUNDS FOR DRUG PROCUREMENT

= INCREASING REALISATION OF PRIVATE
SECTOR ROLE IN DRUG ACCESS

m SYNTHETICS, VACCINES
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Role of Artemisinins in the Treatment of Malaria

* Artemisinin derivatives are now the mainstay of treatment for malaria

* Since WHO endorsement of Artemisinin-based Combination Therapy (ACT) as
1st or 2Md line therapy for uncomplicated P. falciparum malaria:

* strategy has been adopted by 69 countries
* forecast for 2007 of 150 million treatments

* Heavy reliance on the artemisinin component:
* fast acting, highly effective against both ~. 7alciparum and P. vivax
* rapidly cleared; used in combination with a longer-acting partner drug

* But there are issues...
* supply, cost, natural source
® any clinical resistance to artemisinin will jeopardize ACT strategies
® concerns regarding use in some special populations (infants, pregnancy)

o0 )
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What is MMV

* A not for profit organisation
* Creation of MMV In 1999 by

* WHO

* The World Bank

* Donor governments (CH, UK)
* Philanthropic foundations

* IFPMA

Medicines for Ma





MMV Collaboration Principles

* MMV’s overall objective is to ensure the
sustainable and continuous generation of
appropriate new malaria medicines that are
accessible to those in need in developing
countries at the lowest prices practicable.

PROPRIATE
-ORDABLE
* ACCESSIBLE

®
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Objectives of the Synthetic OZ Project

* First Generation OZ project aimed to:
— Identify a new class of peroxides

— more potent than the currently available semi-synthetic artemisinin
derivatives in reducing parasite burden

— fully synthetic
— low cost (< $1 USD per treatment when used in combination)

— 3 day treatment regimen when used in combination

* Next Generation OZ project extends these goals to also include:

— provision in combination of a single-dose oral cure for patients with
uncomplicated P. falciparum malaria (and possibly P. vivax)

— potential for prophylactic treatment and intermittent preventative
treatment in pregnant women and infants (IPTp and IPTi)
L 1 IOk
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First Generation of Synthetic Peroxices

OZ277 or RBx11160

3 L]

L 1 JOF

]
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What do we know about RBx 111607

* More active than CQ, MF, and artemisinin derivatives against ~.
falciparum in vitro, and P. berghe/ in mice

* Good physicochemical and metabolic profile; good PK and oral
bioavailability in rats and dogs; half-life shorter than desired

* Excellent safety profile in rats, dogs and humans after single and
repeat administration

* Similar exposure after single and repeat administration in humans;
minimal food effects

00
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Phase 1 Plasma Concentrations of RBx 11160

Plasma concentrations after a single oral dose to healthy volunteers

1000 =
- ]
S —+ 25 mg
€ 100- 50 mg
§ 2100 mg
[ 10: ‘ . %150 mg
3 ! A 200 mg
g ] ~o-300 mg
c 1 — © 400 mg
© e i ; i % A
2 : In vitro concentr_a n r_qulred for 50% -5 600 Mg
i parasite inhibition
0.1 | ; | ! | )
0 4 8 12 16 20 24
Time (h)

* Excellent exposure at doses of 100 mg or above...
* Highly consistent with predictions based on animal data
e PBut ..
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“lssues” that Arose with RBx 11160 in Phase 2

607
-
£
2 507
c
2 40!
g Healthy volunteers - 100 mg dose
)
S 3 v
@)
O
§ 207 Malaria patients - 100 mg dose
p=

101

O " b ! *» .

0 4 8 12 16 20 24
Time (h)

* Significant reduction in plasma concentrations in malaria patients...
* Such reduced exposure meant unlikely to meet 3-day treatment regimen

>
) .
»
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Clinical Study MMVO05-06 of RBx11160 Monotherapy:

* A Phase Il, Dose-Ranging Study with RBx 11160 Administered for 7

Days in 230 Patients With Acute Uncomplicated Plasmodium falciparum
Malaria was recently concluded.

* Analysis is ongoing

* Early results show that the cure rate (PCR corrected ACPR) is well

below MMV's target (90% efficacy) for individual components of a
combination product.

000
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Basis for Reduced Exposure of RBx 11160 in Patients |

Possible “first cut” explanations:

— time of dosing no effect
— postural differences no effect
— ethnic differences in metabolism no effect

Differences due to the presence of the infection:

— definition of clearance mechanisms for RBx 11160 (and the
resulting affect on plasma concentrations)

— exploration of the blood stability /n vitro £ parasites

000
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OZ Clearance in Red Blood Cells (RBC)

LI L
O‘<:><>*NH NH;
0

RBx 11160

Fe(ll)
cleavage

inactive cleavage products

e RBC contains haemoglobin - Fe(ll1) haem
e Cleavage of peroxide by Fe(ll)-containing components in RBC

e Cleavage contributes to clearance from the circulation

00
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OZ Clearance In Red Blood Cells

* First Generation OZ exhibited relatively rapid degradation in whole
blood /n vitro

100

RBx 11160

% Remaining in Whole Blood

0 60 120 180 240

Time (min) . ‘ ) :
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In Vitro Degradation in Infected Blood

* Rapid /n vitro degradation of RBx 11160 in infected blood

RBx 11160

100 [ ]
90 H

80 - healthy blood
70 A

60 -
50 |

40 -

30 A

% of Initial Remaining

20 1

infected blood
(1% parasitemia)

10

0 60 120 180 240

Time (min)
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Second Generation of Synthetic Peroxides

B

00
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OZ Clearance in Red Blood Cells

* Fe(l)-mediated cleavage likely to be a significant contributor to the
/n vivo clearance of RBx 11160

* Can we modify the OZ structure to reduce the rate of cleavage
without compromising biological activity?

e The answer is...Yes

00

Medicines for Malaria Venture





OZ Clearance in Red Blood Cells

* Next Generation OZ are significantly more stable in whole blood /7
vitro than First Generation OZ

Next Generation OZ
100

—

RBx 11160

% Remaining in Whole Blood

0 60 120 180 240

Time (min) . O )
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Increased Stability of Next Generation OZs

* Greater stability in blood contributes to better exposure, longer half-life
...and biological activity is better!

10 mg/kg Oral Dose to Rats
10000

|
o
o
o

100

=
o
I

/

RBx 11160

Plasma Concentration (ng/mL)
H

0.1 T T T T T T T T
0 6 12 18 24 30 36 42 48 s
Time (h) L 1 JF
I
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Increased Stability of Next Generation OZs

* Greater stability in blood contributes to better exposure, longer half-life
...and biological activity is better!

10 mg/kg Oral Dose to Rats
10000

1000

10 A

RBx 11160

Plasma Concentration (ng/mL)

In vitro concentration for 50% parasite inhibition

0 6 12 18 24 30 36 42 48 .
Time (h) L 1 IR
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Antimalarial Activity in Mice

Single 30 mg/kg oral dose to mice (P. berghei)

Compound Survival (d), Cure (%)
(mg/kg)
Artesunate 9d, 0%
Artemether 9d, 0%
Chloroquine 10 d, 0%
Mefloquine 22 d, 0%
RBx 11160 11 d, 0%
No treatment 6 d, 0%

Limited survival; no cures with
artemisinin derivatives, conventional

drugs or RBx 11160

00
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Antimalarial Activity in Mice

Single 30 mg/kg oral dose to mice (P. berghei)

Compound Survival (d), Cure (%) Compound Survival (d), Cure (%)
(mg/kg) (mg/kg)
Artesunate 9d, 0% 0z401 25 d, 64%
Artemether 9d, 0% 0z439 >30 d, 100%
Chloroquine 10 d, 0% 0z460 25 d, 60%
Mefloquine 22 d, 0% 0z461 >30 d, 100%
RBx 11160 11 d, 0% 0Z464 >30 d, 100%
No treatment 6 d, 0% 0Z466 >30 d, 100%
02482 >30 d, 100%
Survival and 100% cure for 07485 25 d, 40%
Next Generation OZ
0z493 >30 d, 100%

00
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Prophylaxis in Mice

30 mg/kg given 24 h prior to P. berghes infection (mice)

Compound Survival (d),
(mg/kg) Prophylaxis (%)
Artesunate 7 d, 0%
Artemether n.t.
Chloroquine 7d, 0%
Mefloquine 27 d, 60%
RBx 11160 7d, 0%
No treatment 6 d, 0%

Only mefloquine has
prophylactic properties

00
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Prophylaxis in Mice

30 mg/kg given 24 h prior to P. berghes infection (mice)

Compound Survival (d), Compound Survival (d),
(mg/kg) Prophylaxis (%) (mg/kg) Prophylaxis (%)

Artesunate 7 d, 0% 0z401 25 d, 60%

Artemether n.t. 0z439 >30 d, 100%
Chloroquine 7d, 0% 0z460 24 d, 60%

Mefloquine 27 d, 60% 0Z461 >30 d, 100%
RBx 11160 7 d, 0% 0Z464 24 d, 60%

No treatment 6 d, 0% 0Z466 >30 d, 100%
0z482 24 d, 60%

Three next generation OZ 0Z485 24 d, 60%
are 100% prophylactic and 07493 24 d. 60%

are superior to mefloquine

00
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OZ Cleavage Accelerated in Infected Blood

<P ~
S %NH NH,
0

RBx 11160

Infected RBC

Fe(ll) cleavage  Fe(11)-mediated
in RBC cytosol processes in

/ parasite
inactive / \
cleavage

pompetlng processes products Parasite inactive
in infected RBCs are 5 cleavage
not well defined products

e High concentrations of Fe(ll) haem in the parasite

e Rapid cleavage of RBx11160 in the presence of parasites 00 )
P:
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In Vitro Degradation in Infected Blood

* Next Generation OZ significantly more stable in healthy and
especially infected blood

% of Initial Remaining

RBx 11160 Next Generation OZ
100 100 o o - — o
] ] healthy blood
80 80
70 | healthy blood 20 | v =
60 - E’ 60 1
£ ]
0 g 0 infected blood
0 g 07 (1% parasitemia)
30 - EE 30
=
©
20 N 20 -
infected blood
(1% parasitemia)
10 T T T T 10 T T T T
60 120 180 240 60 120 180 240
Time (min) Time (min)
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Conclusions

* Fe(ll)-mediated cleavage in RBCs contributes to the /n vivo
clearance of RBx 11160 (and possibly other peroxides)

e Structural modifications for Next Generation OZ have resulted in:
— improved stability in blood

— reduced /n vivo clearance, prolongation in half-life and increased
exposure in rats

— enhanced biological activity in well-established mouse model of
malaria

— excellent prophylactic activity in mice — exceeds that of the
benchmark chemoprophylactic, mefloquine (Lariam®)
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Timelines
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Partners

* Medicinal and synthetic chemistry
University of Nebraska

* /n vitro activity and /n vivo efficacy assessment
Swiss Tropical Institute, Basel

« ADME, lead optimisation and compound profiling
Monash University

* Project managment and funding
MMV

00
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Objectives of the meeting: to
achieve

Bring together experts, partners and
producers to discuss common Issues

Share knowledge and information on
production techniques, areas planted,
extraction methods and capacities

Help to solve problems in view of
emerging issues, notably market instability

Foster networks of actors in the market.





Objectives of the meeting: to
review

ACT market: trends and evolution
Artemisinin market: trends and evolution
Seeds and farming practices

Extraction and purification processes: update on
technologies, cost/effectiveness, feasibility

Quality assurance for API

Sampling and laboratory tests (artemisinin
content of leaves and extracts). methods and
techniques.
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The market of ACTs

Trends and evolution

Dr M. Dugue, WHO/Global Malaria Programme

@ World Health

VY izati
/¥ Organization

ACTs in malaria treatment

« WHO treatment guidelines: ACTs for treatment of
uncomplicated Plasmodium falciparum malaria

* Four combinations recommended: AS+AQ, AS+SP, AL,
AS+MQ

« New ACTSs being evaluated (safety and efficacy)
 NO artemisinin monotherapies

@ World Health
/) Organization






New ACTs on the market in 2007-2008

Fixed-dose combinations

artemether- @Iw
lumefantrine
i |
co-blistered @w
products /

\y"’@v World Health
;5

%Y Organization

Ban on artemisinin monotherapies

 Because of the risk of development of resistance from the
parasite to any drug utilized alone, and to protect the efficacy
of artemisinin-based treatment, WHO has declared a ban on
monotherapies

* The efficacy of monotherapies is lower than those of
combination therapies, requiring longer treatment, which
poses a challenge in term of compliance. This in turn may lead
to the development of resistance






WHO calls for ~- - a wﬁﬁ
artemi=* ‘ QQ“%Q\\ :

. and the

g e
: QA\ N 0\ N _.~ medicine available to

A ‘
Q\X\%\Q\\\Q‘\% ' ‘ﬁ\“\%\“\ Lo ek Jong-wook, WHO's Director-General. "We request
N&Qﬁ . “\Q‘(ﬁ\\%\ . .aarkeling single-drug artemisinin tablets and instead market
\ -y 1he new treatment guidelines we are releasing today provide countries
%\QV\S ?)X\ .- airection on the best treatment options for malaria."
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Situation of artemisinin resistance

No treatment failure due to artemisinin resistance has been documented, but:
In vitro
+ decrease of in vitro sensitivity in China and Viet Nam in late 90s

+ geographical trends of decreasing sensitivity from Bangladesh, Western, Eastern Thailand
and Cambodia associated to drug pressure

* invitro cross-sensitivity among artemisinin and amino-alcohols
e invitro synergy between artemisinins and amino-alcohols

« P.falciparum resistance to artemisinin unstable but rapid recurrence after re-exposure to
drug pressure

WHO recommends the use of ACTs and
careful monitoring of their therapeutic efficacy

@v World Health
R Organization

Situation of artemisinin resistance

No treatment failure due to artemisinin resistance has been documented, but:
Clinical outcomes (in vivo)
» several cases of treatment failures (India, Cambodia and Thailand)
— without data parasite clearance or late failure with high ICso
- Influence of splenectomy, high initial parasitemia, immuno-suppression
+ increased PCT during ACT or monotherapy treatment

WHO recommends the use of ACTs and
careful monitoring of their therapeutic efficacy

@v World Health
WY Organization






Artemisinin monotherapies
versus ACTs

Cure rate (%)
100
90 -
80 -
70 A
60 -
L ———_—————

;‘8 T A —— ART+MEF|

ART
20

10

1 2 3 4 5 6 7 8
Days of treatment

V@v World Health
R Organization

Response of procurement and funding agencies
on WHO ban oral artemisinin monotherapies

UNICEF and WHO: removal from catalogues (Jan 2006)
World Bank: did not and will not fund procurement  of these products
(April 2006)

3. GFATM: removal from GF Compliance List for Antimalarial Drugs (May
2006)

4. IDA Foundation and Missionpharma: removal from catalogues (June
2006)

World Health

\S Organization






Market drivers for ACTs:
countries' treatment policy

N | 28 19 13 7

umber of countries (1% ling)
Number of countries (2" line) | 11 1
total | 39 19 14 7
Population(million) 664 432.67 395.2 2214

Expected number of cases (million)" | 134.86 | 81.76 25.74 12.2

! Source: World Malaria Report, 2005, Cases due to P. falciparum

@ World Health

%)V Organization
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69 out of 77 (91% of) countries in need
have adopted ACT

B Countries with P. falciparum . %
[ ] Countries which adopted ACT

World Health

Organization






77
W les h d d ACTS L0050
(&7 )V 69 countries have adopte S 103ure 3007
|~
Contment Countries Drug | Line
Burundi, Cameroon, Congo, Cdte d'lvoire, Democratic Republic of Congo, Eq. Guinea, Gabon, Ghana, Guinea, AS + AQ 1st
Liberia, Madagascar, Eritrea, Mauritania, Senegal, Sao Tomé & Principe (ST&P), Sierra Leone, Sudan
(S), Tchad, Zanzibar
AFRICA Angola, Benin, Burkina Faso, Central African Republic, Comoros, Ethiopia, Gambia, Guinea Bissau, Kenya, AL 1st
Malawi, Mali, Namibia, Niger, Nigeria, Rwanda, Uganda, S. Africa, Tanzania, Togo, Zambia, Zimbabwe ,
Mozambique

Cote d'lvoire, Djibouti, Gabon, Malawi, Sudan (N), ST&P, Zanzibar AL ond

Djibouti, Somalia, Sudan (N) AS + SP i

Cambodia, Malaysia, Myanmar, Thailand AS +MQ is!

Bangladesh, Bhutan, Laos AL 1st

Indonesia AS +AQ 1t

ASIA Afghanistan, Djibouti, India, Iran, Pakistan, Saudi Arabia, Tajikistan, Yemen AS + SP 1st

Viet Nam DP 1st
Papua New Guinea + nd

-/ACTS\ p AS+sp | 2
d ep\o\j mg/ Iran, Philippines, Saudi Arabia, Solomon Islands AL ond
A5 are

Ecuador, Peru AS + SP 18t

AMERICA Bolivia, Peru, Venezuela AS +MQ 18t
Brazil, Guyana, Suriname AL 1st

=N y World Health

(L /Y Organization

This trend of adoption has led to a sharp
increase in procurement

AS 155,800 | 39,120 | 1,682,600 | 1,540,200 | 5,617,800 - -

AL 221503 | 82,873 | 1,339,346 | 3,626,670 | 10,468,712 | 61,406,282 | 94,000,0C
AS+AQ 10,048,719 | 14,446,246 | 20,000,0C
AS+SP 2,298,000 | 6,671,212 | 10,500,0(
AS+MQ - - - - : 251,000 300,0C
Total 221503 | 82,873 | 1,339,346 | 3,626,670 | 22,815431 | 82,774,740 | 124,800,0
ACT

World Health

Organization






Adoption of different ACTs as 1st-line treatment

| —— AS+AQ AS+SP —A— AS+MQ AL =¥ DP |

GFATM appeal for ACTs

Cumulative No. of countries

2000 2001 2002 2003 2004 2005 2006

AQ=amodiaquine; AL=artemether/lumefantrine; AS=artesunate; DP=dihydroartemisinin/piperaquine; MQ=mefloquine; SP=sulfadoxine/pyrimethamine

@v World Health
N9 Organization

12-24 months lag time between
ACT adoption and implementation

T 80

T 70

Countries adopting ACT
—+ 60

T 50

+ 40

+ 30
Countries
implementing ACT T 20

T 10

2001 2002 2003 2004 2005 2006

=== No countries adopting ACT ==#==No countries implementing ACT|
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ACT adoption, procurement and forecast
for public sector use
P

160 ~ T 70

countries

Lalg adopting ACT

T 60

120 A
-+ 50

100 A
+ 40

countries
implementing ACT

31.3
5
T T T

2001 2002 2003 2004 2005 2006 2007

80 A
- 30
60 -

+2
40 0

20 T 10

Cumulative No. of countries adopting ACT

Millions of treatment courses

- 0

C—ACT procured =#=No countries adopting ACT  ==#=No countries implementing |

t‘/’@v World Health
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Global picture and additional needs

+ ACT needs vs demand:

— Forecasted global demand: 130/150 million treatments in
2007, 200 million in 2008

: Rests largely on public financing and absorption
capacity of public sector

- Needs: The annual need for treatment of falciparum malaria
correspond to 500-600 million cases

:> 213 million confirmed cases and 340 million fever
cases among children under five in Africa

Requires involvement of the private sector for

distribution/access to treatment
@\) World Health
s l’Organlzatlon






Global ACT forecast
for public sector procurement

250,000 +

200,000

150,000 -
= 2007
100,000 1 0 2008

50,000 4

treatments ('000)

0 -
AL AS+AQ other total

(source Malaria Medicines Supply Services, April 2006)

«‘/’@ World Health
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Funding for public sector

+ GFATM covered approx. 85% of ACTs purchase in 2006

— Low success rate of malaria grants in rounds 5 and 6: a number of
countries with grants ending in 2007

— Round 6 will provide for 32 million additional ACT treatments, out of
130 million requested in grant submission, leaving a substantial gap

— Round 7: results by end 2007
+ Other initiatives cover public sector
- USPMI
— UNITAID
— The World Bank Booster Program

World Health

Organization
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Public sector demand for
countries already implementing ACT

Million treatment courses

200
180 -
160 - B Other funding
sources
140 + B ACT gap for
120 - UNITAID
| B ACT scale-up -
0 JC) UNITAID
80 - O GFATM R6 -
60 - UNITAID
40 - O GFATM R1 - R5
20 A
o

2006 2007 2008

Challenges specific to the private sector

* Prices of ACTs are still very high in the private sector
* High risk of counterfeits in a poorly regulated market

« Estimated potential size 200 to 300 million approx. per year: in
some West African countries, private sector traditionally
covered 60 to 80% cases

* Global subsidy project: would also cover the private sector.
Expected proposition in November 2007,

\y"’@v World Health
\§ &0

N 7 l’Organlzatlon
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Pricing of ACTs and API

 The main determinant of ACTs price is the cost of API

* API price depends on the production of Artemisia Annua dry
leaves, which varies with:

— Current and anticipated demand
— Surfaces planted (incl. number of production sites)

— Yield (incl. weather conditions, extraction efficiency,
quality of seeds)

\y"’@v World Health

&% Organization

Situation of API

+ Poor anticipation of demand of artemether-lumefantrine in 2003/2004 led to a
situation of acute shortage of API in 2004/2005, resulting in a sharp increase in
price (from USD200/kg to USD1,200/kg),

+ Consequently surfaces planted have very substantially increased in 2005/2006. It
is estimated that China alone harvested in 2006 enough Artemisia annua to
produce more than 150 million treatments, for a global demand of less than 100
million treatments.

 As aresult of this oversupply, API prices decreased sharply

+ The profitability is therefore decreasing, discouraging investments in this
sector, which may result in future shortages (boom and bust market)

+ The main risk is that a new global shortage will appear again in 2007-2008,
resulting in a new price increase.

’!9 y, World Health

‘gv l’Organlzatlon
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Reduction in price of artesunate+tamodiaquine
over 4 consecutive UNICEF/WHO joint tenders

Price per adult treatment course (USD)

2.5
| ° 14-38% 4-2804
2 © =
) 5-10%
|| =
1.5 0
o]
117 o]
O
| | =
0.5 >
0.
2003 2004 2005 2006

O Company A+X O Company A B Company B B Company C
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Comparative assessment of feasibility

and environmental performance of different
solvents for extraction of the natural
antimalarial compound Artemisinin

Alexei Lapkin, P.K. Plucinski, M. Cutler

Catalysis and Reaction Engineering Group
Department of Chemical Engineering
University of Bath, UK.

FSC Development Services Ltd

Artemisinin Conference ¢ 24-26 June 2007






Extraction of Natural Products: Antimalarials
(motivation)

» Current method: hexane/petroleum ether extraction.
|s there anything better?

Solvents Processes
« Steam s Batch e
« Ethanol Batch Percolation e
* Hexane / Petroleum Ether Semi-Continuous e
 Natural oils x Continuous e
* scCO, Conventional or MV Heating e
« HFC-134a?

* lonic Liquids? Secondary Purification Step? e

Wi A UNIVERSITY OF

'BATH






Extraction of Natural Products: Antimalarials
(motivation)

» Current method: hexane/petroleum ether extraction.
|s there anything better?

Aims of the study:

 to review most reliable data on artemisinin extraction,

 to compare technologies in terms of efficiency, economics,
environmental performance, scalability, mobility,

» to identify where improvements must be made.






Comparative Assessment
(criteria & method)

Complete LCA Life Cycle Assessment

difficult in the absence of precise data,
comparing mature and emerging technologies
is not easy

Energy does not take into account toxicity, hazard, can show path
for incremental process improvement

Mass intensity does not take into account toxicity, energy sources are converted
into mass

Health & Risk  essential and must accompany other metrics






Comparative Assessment
(criteria & method)

Multiobjective hierarchical metrics approach:

» identify stakeholders & most relevant issues,
« define problem specific indicators,
« communicate results in the form relevant to stakeholders.

Calcs: abridged life cycle impact assessment

Graedel, T.E. Pure Appl. Sci. 2001, 73:8, 1243-1246.

Lapkin, A.; Joyce, L.; Crittenden, B. Env. Sci. Technl. 2004, 38, 5815-5823.

Lapkin. A. Sustainability performance indicators. In “Renewables-Based Technology: Sustainability
Assessment”. J. Dewulf, Ir H. van Langenhove (Eds), John Wiley & Sons, 2006, pp. 39-53.






Comparative Assessment

(criteria & method)

Stakeholders

Drivers

Indicators

Patients

Growers of Artemisia
annua

Owners of extraction
facilities

price, efficiency, side
effects, availability of
medicines

price of fresh/dry leaf
Artemisia annua,
availability of processing
facilities, potential to
switch to other crops

capital and running cost of
processing technology,
quality/price of final
product, safety,

other crops,

environmental impact

€:-kg! (artemisinin) or
$-kg! (artemisinin)

kg (artemisinin) - hal
€-kg1 (artemisinin)

€-kg1 (artemisinin)

kg (CO,) - kg
(artemisinin)

€m capital costs

kg (artemisinin) - hal
other products (from
Artemisia and other crops)






Comparative Assessment

(criteria & method)

Stakeholders

Drivers

Indicators

Technology developers

Pharmaceutical industry

WHO and NGOs

quality of produced extract,
compliance with
regulations enabling
Implementation,

safety, environmental
Impact, cost, other crops

availability of artemisinin
at the correct price and

purity
availability and price of
artemisinin, environmental

and social impact of
technologies in local areas

€-kg! (artemisinin)

€m capital costs

kg (CO,) - kg
(artemisinin)

other markets

safety, hazard to
environment and human
health

€-kg1 (artemisinin)

€-kg! (artemisinin)






Comparative Assessment
(criteria & method)

How the assessment was done:

» Gate-to-gate process system boundary

* Actual performance data; best operating conditions for each solvent

* Running costs: electricity and natural gas

 Capital costs: “Guide for capital cost estimation”, includes solvent inventory
 Health data: LD, & LC,, MSDS data

* Risk: MSDS categories

« Environmental performance: green house gases emissions,
assumption of complete capture and re-use of solvents
(HFC134a - loss is quantified)

N7/m UNIVERSITY OF
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Extraction technologies on trial

no phase change,
diluted extract solution

 Ethanol

* Hexane/petroleum ether (benchmark) }
* lonic Liquids

- scCo, } unprese e,
- HFC-134a

Ap, vvversity ok A Lapkin, P.K. Plucinski, M. Cutler, Comparative assessment of technologies for extraction of
@55 BATH artemisinin, J. Nat. Prod., 69 (2006) 1653-1664. doi: 10.1021/np060375]
G






Extraction with liquid solvents vs extraction by compressed gases

* In extraction by hexane, petroleum ether, ethanol or any other liquid solvent
there is no phase change of the solvent; extracted product(s) must be

separated from the final liquor.

Extract

Fresh solvent —| Extraction |— in

Solution

|

Separation

Recycled solvent

l

Clean product

— Losses

Losses: solvent, product, other products, agents/materials used

In separations.

NIVERSITY OF
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Extraction with liquid solvents vs extraction by compressed gases

* In extraction by compresses gases, the solvent is liquid (or supercritical)
when in contact with biomass, and in the gaseous state, when extract
needs to be separated.

Fresh solvent —| Extraction — |

| — Losses

T Separation

Recycled solvent i
Clean product

MNijm UNIVERSITY OF
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Conventional Batch “Hexane” Extraction

« 3 portions of fresh solvent per batch; 1.5 h each (under percolation)

* separation of artemisinin by crystallisation, 48 h

* loss of solvent with spent biomass

 explosion hazard, human and bio toxicity, long process

CO,
H
system boundary for energy and environmental assessment
solvent recycle solvent recycle
solvent f *
Raw extract, containing:
hexane ;
/ EtOAC solvent, “artemisinin’, solvent waxes, oils
, waxes, chlorophylls, evapo- crystallisation precipitate
ry biomass | exiraction essential oil, etc ration 48 h crystalline
8h artemisinin
steam for heating
steam for hexane stripping

4 4

natural gas (heat)
electricity

waste
washing
with hexane

crystallisation
from C,H,OH

chromatography

artemisinin






Ethanol Extraction

CO,
4
system boundary for energy and environmental assessment
solvent recycle
solvent )4
Raw extract, containing:
EtOH o
solvent, “artemisinin”,
. extraction waxes, chlorophylls, Evaporate
Ory biomass | 45 essential oil, etc
steam for heating
steam for hexane stripping

T %

natural gas (heat)
electricity

Active carbon
Filtration
on Celite

crystallisation
from
hexane/EtOAc

crystalline
artemisinin

chromatography

* More polar solvent extracts carbohydrates, but less waxes
 Potential problem of stability of artemisinin in ethanol
* Very high latent heat of evaporation. Hence, high cost of heating.

Rodrigues, R. A. F.; Foglio, M. A.; Junior, S. B.; Santos, A. d. S.;
Rehder, V. L. G. Quim. NoVa 2006, 29, 368-372.






lonic liquids Extraction
(Bionigs Ltd, UK)

AWE/R, UNIVERSITY OF
R

lonic Liquids (ILs) — organic salts with
melting point below 100 °C. o) o)
IP Hee” R N CH,

Key properties: o0 0

FsC /  \ _CFs

- Low vapour pressure //S\N-/ S\\

- Non-flammable © ©

- Large variation of cations and anions

- Potential for design for function bis(2-methoxyethyl)ammonium
bis(trifluoromethylsulfonyl)amide

Challenges:

- Toxicity must be studied
- Purity

T O (CH3)s
- Cost HyC—N- Y “CH,4
- Recycling/reuse, or biodegradability? (|:_\_OH i

- Separation of solutes from ILs Ha O

N,N-dimethylethanolammonium octanoate

ATH






lonic liquids Extraction

lonic Liquids (ILs) Suppliers:

Merck
BASF
Solvents Innovation






lonic liquids Extraction
(Bionigs Ltd, UK)

@] O H
~ + ~ O (CHy)
H3C \/\NHZ/\/ CH3 o ,L_,_ \ 2\6(:H3
C—

0O O éH‘\*OH ]

F3C\S// \\S _CFyq 3 O
/2 N\
0 O

bis(2-methoxyethyl)ammonium

bis(trifluoromethylsulfonyl)imide N,N-dimethylethanolammonium octanoate

Parameter Value
Solubility in EtOAc @ 20 °C / g-L! 100
Solubility in hexane @ 40 °C / g-L* 0.46
Solubility in hexane/EtOAc (5 %vol) / g-L-7 33

EALBE T L S

NIVERSITY OF
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lonic liquids extraction
(potential process)

ILs allow fast recovery of artemisinin from primary extract, as well as simultaneous
recovery of essential oil: clean three-phase separation.

solvent recycle

Raw extract, containing:

» lonic > Oi
Liquid solvent, “artemisinin”, IL/H,O partitioning o flash
| waxes, chlorophylls, Crystallisation [ IL/H.O phase evaporation
Dry biomass | extraction essential oil, etc 0.17 h Y crystalline artemisinin
| 05h ry

solvent-contaminated H,O

H,O

biomass s nin s asaaaie

Main drawback: need for water in partitioning (high latent heat of water).
Unknown: degree of recovery of IL from spent biomass, fate of IL in environment.

AP/p, UNIVERSITY OF

o






Mini conclusion 1: liquid solvents
(hexane, ethanol & ILs)

Fresh solvent Fresh solvent
Hexane & ethanol extraction are very
similar: require several portions of fresh
solvent due to low solubility, and also
require long extraction times. Separation
from primary extract is difficult.
Extraction into IL is very fast and
requires only one step. Separation —
from primary extract Is S|mple. Solvent Solvent f f
+ extract + extract
Batch extraction Batch percolation extraction
- Feed fresh solvent - Feed fresh solvent
- Soak for set duration - Recirculate solvent for set duration
- Drain spent solvent+extract - Drain spent solvent+extract
- Repeat with fresh solvent - Repeat with fresh solvent
or remove residual solvent or ...

and load fresh biomass

QPR UNIVERSITY OF






scCO, & Hydrofluorocarbons Extraction

I

FC-134a

|

|
F—(|3—F
F lodotrifluoromethane

CO, o
Carbon dioxide

Wl 1:‘ UNIVERSITY OF

%‘ ﬁ? BATH

Solvent tank

Compressor

Separator

Extract

Semi-continuous extraction with
pressurised solvents

(above: pressure driven,

right: temperature driven isobaric)

- Solvent is continuously separated from extract
- Extraction stopped when biomass is exhausted

Solvent tank

B

Separator

Extract

Heat exchanger
(solvent condenser)






scCO, & Hydrofluorocarbons Extraction

H F
bt
Fl' é HFC-134a
|
F—é—F
||: lodotrifluoromethane

CO, o
Carbon dioxide

Wj/m UNIVERSITY OF

* High pressure of scCO, process
=>» high operating and capital cost

134a global warming potential is 1300 x CO,
=» must have complete recovery

* ITFM’s decomposition products are toxic
=> regulatory and H&S must be resolved






Efficiency, Duration and Costs
(main criteria)

Method T/°C P /MPa Solvent to dry Extraction Efficiency / %
leaf / kg : kg cycle/h
Hexane 30-40 0.1 4:1 8-10 60
EtOH 20 0.1 5: 1 7 73
scCO, 30-50  15-30 N/A 3.6 82
HFC-134a 15-40 0.4-1.2 N/A 6 62
[DMEA][oct] 2.5 64
20 0.1 6.3 _' 1

0.9 6 79

[BMEA][Tf,N]

AW/, UNIVERSITY OF
Ja

ATH






Efficiency, Duration and Costs
(main criteria)

Energy GHG Running cost /| Capital cost for 2.5-10°
efficiency emissions / €-kg?lartemisinin | kg (biomass)-annum-!
/ GJ-kg CO, kg-kg /| m€
(artemisinin)?® | (artemisinin)?

Hexane 1.3 87 28 0.7

Ethanol 2.3 148 47 1.0

lonic 0.9-6.3 56-407 22 0.3-1.0

liquids

scCO, 3.5 221 42 4.1

HFC-134a 0.9 131 19 1.0

Il Best case scenario for ILs is very promising even when water partitioning is used.

HFC134a loss: 300ppm each run = annual loss < 5% of inventory, 10.2 t.

Wi A UNIVERSITY OF

AW
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Multi-objective Assessment

Operating costs

—+—HFC-134a

—¥— Hexane

—e—s5scCO02
O==lonic liquid

=0== Ethanol

Toxicity
Capital costs
280
Risk & Safety GHG emissions

* ILs extraction has the potential to outperform hexane in all criteria

« HFC134a will always suffer from GHG emissions rating;
cost will increase due to need to comply with EU monitoring regulations






Feasibility of a Mobile Extractor
(a ‘back-of-a-truck’ plant?)

Main criteria: how long it would take to process given amount of biomass?
what is the capital cost?
how much solvent must be carried with the plant?

—&— Duration, 1 = 80 days
B —e— Capital cost, 1 =1.2 m Euro

—a— Solvent volume, 1= 7.6 m° IL and HFC134a appear to be
most promising systems for
developing a mobile plant.

-
o
T T

o
fo's
I L)

Normalised parameter / -
o o
EEN (0))
| ! |

©
(N
I L)

R

Hexane EtOH scC0O2 HFC134a IL

o
o
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Conclusions

* New technologies (HFC-134a and ionic liquids) are potentially equal
or better in extraction efficiency, extraction time, and costs than hexane.

 Both technologies are also safer and are potentially more environmentally
benign (accepting that care has to be taken to ensure complete
recycling and capture of the solvents).

« HFC-134a is a proven technology for the extraction of a wide range
of other natural products.

* lonic Liquids show considerable promise. The immediate problem
of regeneration of the ionic liquid solvent and solvent recovery from
the biomass is now being investigated.

» scCO, has high efficiency and speed of extraction. Its limitation is
the higher capital and running costs, together with the need
for experienced management due to the higher operating pressures
and rig complexity.

W A UNIVERSITY OF
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Comparative assessment of feasibility

and environmental performance of different
solvents for extraction of the natural
antimalarial compound Artemisinin
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Department of Chemical Engineering
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Properties of Artemisinin
(specificity of artemisinin extraction)

Parameter Value
Molecular weight / g-mol-! 282.3
Melting point / °C 156-157
Thermal stability in non-polar solvents / °C 150
Solubility in H,O @ pH 7/ g-L! 0.063
Solubility in H,O @ pH 7, 37°C / g-L* 0.048™
Solubility in EtOH @ 21 °C / g-L1 12
Solubility in EtOAc @ 20°C /g-L1 100
Solubility in hexane @ 40°C /gL 0.46
Solubility in hexane — EtOAc (5 %vol) / g-L'1 33
Octanol/H,O partitioning coefficient/log P~ 2.94

Glandular trichoms on Artemisia A. leaf
Int. J. Plant Sci. 154(1):107-118. 1993.

Main growing and
processing regions:

Vietnam and China

Emerging regions:

East Africa, India






Conventional Batch “Hexane” Extraction

Scaled-up Soxhlet extraction
Vietnam

11

http://en.wikipedia.org/wiki/Soxhlet_extractor
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The Artemisinin Consortium

* The Consortium was set up by the Bill and Melinda
Gates Foundation (BMGF) to explore ways of increasing
the supply of and thus decreasing the cost of artemisinin
derivatives and their synthetic equivalents from the then
price of about USD 1,000 per kg to about USD 100 per
kg. University of York is seeking to breed high-yielding
varieties of Artemisia. IOWH has engineered the
biosynthetic pathway for artemisinic acid into E.coli
which it then converts synthetically to artemisinin. MMV
IS engaged Iin the discovery and development of
completely synthetic peroxides.

Medicines for Malaria Venture





The Artemisinin Consortium

* On June 19, an Artemisinin Consortium Meeting with
Key ACT Manufacturers was held in the MMV Offices In
Geneva, Switzerland Representatives from the BMGF,
IOWH, MMV and University of York UK, who make up
the Consortium, met with representatives from GSK,
Holly, Mepha, Novartis, Pfizer, Sanofi Aventis and Sigma
tau, companies who are already or likely soon will be
iInvolved in the manufacture of Artemisinin-based
Combination Therapies (ACTs) and staff from the World
Health Organization’s RBM partnership / Global Malaria
Programme.

Medicines for Malaria Venture





The Artemisinin Consortium

Questions on current supply:

What is your long term forecast for artemisinin supply
needs?

Does your company buy artemisinin derivatives as AP!
or do you buy artemisinin starting material and convert
this to API yourself?

What criteria do you use in choosing a source of
artemisinin supply?

Do you use a single supplier or multiple sources?
Do you buy their entire production?
Is the seasonal nature of artemisinin supply an issue?

Under what conditions do your store and ship your plant
material or API?

o0 )
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The Artemisinin Consortium

Questions on current supply:

What is your long term forecast for artemisinin supply
needs?

Does your company buy artemisinin derivatives as AP!
or do you buy artemisinin starting material and convert
this to API yourself?

What criteria do you use in choosing a source of
artemisinin supply?

Do you use a single supplier or multiple sources?
Do you buy their entire production?
Is the seasonal nature of artemisinin supply an issue?

Under what conditions do your store and ship your plant
material or API?

o0 )
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The Artemisinin Consortium

Answers to the Questions on current supply:

* The expectation is that the global requirement for artemisinin itself
will rapidly build to around 200-300 metric tonnes pa and that this
could double to 400-600 metric tonnes pa in succeeding years if
control programmes do not succeed.

°* Some companies purchase artemisinin; others one of the
derivatives (principally dinydroartemisinin, artesunate or
artemether).

* At the present time, when artemisinin is freely available at a modest
price, quality of material and sustainability of supply are more
Important than price.

* All companies used more than one source of material and none
appeared to buy the whole production of an individual supplier.

* The seasonal nature of the supply is an issue, but its impact can be
minimized by holding a reserve stock of one season’s supply. This
Is stored at <25C and protected from light and water. 00 ):
y:
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The Artemisinin Consortium

Questions on current quality/regulatory issues:

* What quality criteria do you have for incoming
artemisinin over and above those stated in the WHO
monograph?

* What sort of problems do the differences in the quality of
artemisinin present to your company?

* Would introduction of a more rigorous standard than the
existing monographs be an advantage?

* Are there any particularly problematic plant-derived
contaminants in artemisinin?

o0 )
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The Artemisinin Consortium

Answers to Questions on current quality/regulatory
ISSues:

All companies based their requirements on the existing
Monograph, but supplemented this with company-
specific and country of manufacture-specific

requirements (eg additional data on solvent residues,
heavy metal levels, microtoxins and etc).

There are no real issues to be solved in this area.

Current plant derived-artemisinin has no problematic
contaminants, new methods of production must make

sure this situation does not change as artemisinin
content increases.

o0 )
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About AFI

e Artemisinin & Farming International Ltd (AFI) is
Incorporated in Mauritius, with on-going operations
currently in Vietnam (and operations to start in
Madagascar in 2008 and in Australia in 2009).

o AFI's goal is to produce pure artemisinin with the
following characteristics

- higher quality,
- full traceabillity,
- stabilized price. .

Artemisinin & Farming International Bangkok Conference June 2007





AFI's Business Model

e Alleviating the cyclical terms (volumes and prices)
by securing long-term business undertakings

e Developing an integrated farming model (in lieu of
the less efficient collector system)

e Combining cost-conscious operations and state-of-
the art technology

e Properly allocating benefits from productivity gains
among customers, farmers and shareholders

0 Artemisinin & Farming International Bangkok Conference June 2007





AFI's Business Model

e Alleviating the cyclical terms (volumes and prices) by
securing long-term business undertakings

* AFI has entered into long-term win-win agreements with local
Vietnamese farmers (both cooperatives and individuals)

* AFI thereby secured in Vietham cultivated surfaces, incentivised
work force, certain bio-mass targets and guaranteed prices

9 Artemisinin & Farming International Bangkok Conference June 2007





AFI's Business Model

e Developing an integrated farming model (in lieu of
collector system)

R = £
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Top priority : adhere to local practices and culture governing the access to
the land

Key success factor : secure the long-term support of independent
farmers by allowing them to benefit from the practical farming improvements

Emulation benefit : develop an effective exchange of best farming
practices between AFI's integrated farming structure and independent
farmers

Artemisinin & Farming International Bangkok Conference June 2007






-~ AFI's Business Model

=g

o« Combining cost-conscious operations and state-of-the
art technology

."I &
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AFI's Business Model

e Properly allocating benefits from productivity gains
among customers, farmers and shareholders

Sources of Beneficiaries

productivity gains

seed _—

N - /
seeding techniques
- g . q /
soil preparation

transplantation ?:
harvesting protocols /
drying protocols

extraction protocols é"

AFI's customers

P

—)p FArmers
\ AFI's shareholders

extraction efficiency

Artemisinin & Farming International Bangkok Conference June 2007






AFI's development program

Vietham Madagascar
(hectares) (hectares)
2007 15 (%)
2008 170 (**) 45 (**)
2009 350 400
2010 600 600

(*) Testing phase

(**) First commercial sales of higher quality, fully traceable of pure
artemisinin at stabilized price

9 Artemisinin & Farming International Bangkok Conference June 2007





Contacts

e Marc BLANCHARD
Managing Director

e Bernard PRADEL
Senior Advisor, Business Development

e Jean-Charles VIGNERON
Senior Horticulture Engineer

o INquiry : mblanchard@artemisinin-internl.com

e Download this presentation at :
www.artemisinin-internl.com/Bangkok_JuneQ7/

0 Artemisinin & Farming International Bangkok Conference June 2007
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ONTINUED MISSION
10
FIND THE BETTER ACT

“WHO guidelines for the treatment of malaria” Implications for the next generation of
antimalarial medicines, Global Malaria Programme, Washington, 2006





WHO, 2006, Guidelines for the treatment of malana |
Recommended ACT’s: | %

1. Artemether + lumefantrine

2. Artesunate + amodiaquine _

3. Artesunate + sulphadoxine-pyrimethamine*
4. Artesunate + mefloquine

* Sulfamethoxypyrazine-pyrimethamine (sulfalene) is equivalent (SP family)





1. Artemether + lumefantrine
- FDC: Co-Artesiane® powder for suspension

2. Artesunate + amodiaquine
- Coblister: Amonate® (adult/junior)
> FDC: Amonate FDC® (adult/junior)

3. Artesunate + sulphadoxine or
sulfamethoxypyrazine + pyrimethamine

As+SP

- Coblister: Ariplus® (adult/junior)
AS + SMP

- Coblister: Co-Arinate® (adult/junior)
- FDC: Co-Arinate FDC® (adult/junior)

Dafra

Private market leader
of ACT’s in Africa

South Africa
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e Artemisinin
— 7 asymmetric centres

— Multitude theoretical
configurations possible

— Fortunately, plants make only
one stereoisomer

Dihydroartemisinin Artesunate Artemether





 Hemi-acetal hydroxyl group 9 In;terconversmn
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Chemical instability is necessary for| biological action

BUT leads to pharmaceutical compli_cgtioijé’_f

1. Singlet oxygen: membrane destruction
—> induction apoptosis

2. Free radical production: covalent bonds
3. Inhibition SERCA ATPase endopl. retic.
4. Inhibition angiogenesis

5. Inhibition caspases
—> induction apoptosis

6. Wnt/beta-catenin pathway
—> induction apoptosis

Dafra Pharma has concerns about the DHA tablets on the market

Dafra 7





* A series of Dihydroartemisinin (DHA) preparatlons were

purchased in RDC and tested on behalf of Dafra Pharma
by Chemiphar. - -

e 7 commercial Dinydroartemisinin tablet prepara‘tif_'ons
were analysed on DHA content.

<«
\ S~
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Product Number Assay DHA Impurities Rconc Rconc
(90 — 110%) (< 2%) % ~a-artenimol % | B-artenimol %

1 DHA + PPQ 86 > 10 . 926 7 N
2 DHA 72 > 20 91.4 bl 736
3 DHA 46 > 40 75.1 L 249
4 DHA + PPQ 83 > 15 g2 o e ¥ 7.2iF
5 DHA 75 > 20 QP MRS 7.8
6 DHA + PPQ 71 > 20 82.8 | 17.2
7 DHA 52 > 40 78.3 21.7

. Nonehof the tested packages complied with the specifications of the
Int. Ph.

 The amount of impurities and related substances found varied
between 3% and 50% (maximum tolerated quantity 2%).





DHA
— Do not contain the peroxide
o bridge
Dihydroartemisinin g

— Are inactive against malaria

////, »
’

I,
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DI Xfra decomposition product 1

PHARMA

decomposition product 2 10





Responsibility of an ACT man
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Artemisinin is i1solated from Artemisia annua

 Arusha meeting, June 2005
— Fear that demand for ACT’s will largely exceed the supply

— Need for scaling-up the cultivation of Artemisia annua

— Difficulties in aligning ACT supply and demand (stock destructions,
price fluctuations, ...)

 Price fluctuations of the raw material artemisinin

— Beginning 2004: average price of $230/kg (constant for years)
— 2004 - 2006: average price increase of $230/kg - $1200/kg

D{fra 12





* Solutions to scale-up the supply

1. Natural up-scaling, non-GM

* University of York: applying fast-track breeding technologies to
obtain new A. annua cultivars with an increased yield 00 I R i G

2. Synthetic up-scaling, GM

 UC Berkeley (Keasling):

— Transfection of genes necessary for biosynthetic artemisinin
production of A. annua to the bacteria E. coli $ 42.6 million BMGF

- Artemisinic acid

 Dafra Pharma in collaboration with Plant Research International
(Wageningen University, The Netherlands):

— Transfection of genes necessary for biosynthetic artemisinin
production of A. annua to chicory

—> Dihydroartemisinic acid

Sponsored by Dafra Pharma

13





(FDP)

D{fra

PHARMA

Chicory

i | | CHon | | COOH
(+ -germacrene A

cytochrome P450

farnesyl diphosphate In Chlcory

» Pathway bitter sesquiterpene lactones
- amount roots: = 0.1 — 0.8%
- amount leafs: £ 0.1 — 0.5%

*

« Start product: farnesyl diphosphate (FDP)

* Asteraceae family

GERMACRANOLIDES
EUDESMANOLIDES f GUAIANOLIDES
~ : "

-

w®

(+)-costunolide "0
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Chicory as a Reliable Artemisinin Source

Wageningen scientists, headed by Prof. Harro
Bouwmeester and Dr. Maurice Franssen, could
demonstrate that chicory enzymes, involved in the
biosynthesis of bitter sesquiterpene lactones, are [GERMACRANOLIDES |

capable of performing reactions required for the [EupEswANOLIDES | 4 [GUAIANOLIDES ]
biosynthesis of artemisinin ‘

[E— H
CH,OH COOH (+)-costunolide "0

=

(+) R cytochrome P450

farnesyl diphosphat
(FDP)

HOH,C™ X OHCT X HOOC” X

amorpha-4,11-diene artemisinic artemisinic artemisinic
alcohol aldehyde acid

reductase 1

Diversion biosynthesis of bltter. " cytochrome
compounds - produce the chemical : A P4s0
precursor for artemisinin, | —
dihydroartemisinic acid, in the
. OHC HOOC
rOOtS Of Chlcory dihydroartemisinic dihydroartemisinic artemisinin

aldehyde acid






Chicory as a Reliable Artemisinin Source






Dihydroartemisinic acid obtained out
of the chicory roots

Ethanol extraction

and (" )
diethyl ether partition Raw |
Dihydroartemisinic
acid _
\ / Chromatography
| |
é 4 ) ( )
Pure
Rest products Artemisinic acid =P Dihydroartemisinic
Acid
\_ > _/ \
Chemically
Artemisinin
D{fra 17





Conversion of

dihydroartemisinic
acid into artemisinin

Dafra

PHARMA

e
e L

(e . ¥ B0
..-'_‘l "'Hr '4.,'} k

Ll I

Tl

HOOC

Artemisinic acid

Artemisinin

LiAIH,

| I

Tl

HOOC

Dihydroartemisinic acid
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Chicory as a Reliable Artemisinin Source

Y,
Dafra

Chicory = well-established industrial crop for e.g. non-food
applications

ywailer

Washer .
Slicer Diffuser

Reception of
the chicory roots

Cossettes

Raw chicory juice

Spray

Refining s

hydrolysis

Inuline production

5t

Other rest products Dihydroartemisinic acid 19





» Large-scale production of raw material

artemisinin which will secure the supply
— Yield = 40 kg dihydroartemisinic acid per ha chicory

 Leads to cheap, but high-quality artemisinin
and effective and safe ACTs affordable for
the African patients

— Objective Dafra Pharma: ACTs on the market for $0.5
per adult treatment

20
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Current Artemisinins

z Artesunate
%

Pyridine
or
Et,N
CH,CI, or CHCI,

—_—>
CH,OH
0-5°C

Artemisinin Dihydroartemisinin

H
(DHA) CH,OH
HCl

Yl el dS Artemether

I. DHA from artemisinin: 75-88% (mixture of epimers)

Ii. Artesunate from DHA: ~ 65-75%; overall from artemisinin ~ 57-66%

lii. Artemether from DHA: 60%; overall from artemisinin: 53% after fractional
crystallization to separate the a-epimer

Li, Y.; Yu, P.- L.; Chen, Y. =X.; Li, L.-Q.; Gal, Y.-Z.; Wang, D.-S.; Zheng, Y.-P. Ke Xue Tong Bao
1979, 24, 667-669; Liu, X. Yao Hue Tong Bao 1980, 15, 183 (translations by Dr. Ho-Wai Chan,
HKUST); reviewed in Haynes, R. K. Curr. Med. Chem. 2006, 13, 509-537.






Current Artemisinins: Thermal Stability

International Conference of Harmonization (ICH) Guidelines

» Drugs in climatic zones Il (hot, dry) and IV (tropical humid) guidelines
either long-term thermal stress testing
- drug at 30 = 2 °C, relative humidity (RH) of 65 £ 5%, 12 months.
or accelerated thermal stress testing
- drug at 40 = 2 °C at RH of 75 £ 5%, 6 months, etc.
 Decomposition thresholds for minimum once/day dose 100 mg
- unknown degradants < 0.2%
- known degradants with quantified toxicity and efficacy profiles <1.5%

WHO Technical Report Series No. 863, Annex 5; Report of the 37th meeting of the WHO Expert
Committee on Specifications for Pharmaceutical Preparations, Geneva, 2001,
http://www.emea.eu.int/pdfs/human/ich/042102.pdf; E. H. Zaret, European Medicines Agency
EMEA, June 2006 CPMP/ICH/2738/99 ICH Topic Q 3 B (R2) Impurities in New Drug Products,
Step 5, Note for Guidance on Impurities in New Drug Products; Haynes, R. K.; Gomes, M.;
Carter, A. et al. ChemMedChem, 2007, in press.






DHA: Thermal Stabllity

Thermally unstable.
— anecdotal - tablets from African outlets; problem with fixed formulation DHA-
piperaquine (artekin) (Li Guo Qiao, personal communication)?
— formulated DHA in the field:
Company Country of Purchase  Claimed dose %found
Santecxin, China Kenya DHA 160 mg 78.0

Alaxin, GVS Labs, India Kenya DHA 160 mg 81.0
Artexin, Sphinx Pharma, Kenya Kenya DHA 160 mg 110.0
Cotecxin, Jiaxing Nanhu, China Kenya DHA 160 mg 94.1
*Salaxin, Saphire sprl, Belgium Congo DHA 60 mg 87.8

« Out of compliance with specifications

Data from: Atemnkeng, M. A.; De Cock, K.; Plaizier-Vercammen, J. Trop. Med. Internat. Health 2007,
12, 68-74.






DHA: Thermal Stabllity (cont.)

Stress testing, 40 °C, 70% relative humidity (RH)

e Solid, 40 °C, 70%RH e Solution in toluene, 100 °C

100.5 120 +
DHA at 40 °C

100
- 995
99
98.5
98

100 DHA, solution
& toluene, 100 °C

(0e]
o

(@)
(@)
|

+—
(=}
>

(@]
>
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©
(5]
=
+—
(&)
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o
|

active drug, %

N
(@)
|

(@)
|

Chung Man Lung 2006; Haynes, R. K., Gomes, M.,
Cartwright, A. et al. ChemMedChem, 2007, in press






DHA: Thermal Stability (cont.)

Degradants:

dicarbonyl
compound: 3%

gycal: 3%

tricarbonyl 2-dexoyartemisinin
compound 5%
14%

+ other products
15h tricarbonyl

toluene compound
12%

from arteether: Baker, J. K.; Mc.Chesney, J. D.; Chi, H.- T. Pharm. Res. 1993, 10,
662; Yagen, B.; Pu, Y. M.; Yeh, H. J. C.; Ziffer, H. J. Chem. Soc., Perkin Trans. 1, 1994, 843

Haynes, R. K., Gomes, M., Cartwright, A. et al. ChemMedChem, 2007, in press.






Artesunate: Thermal Stability

Formulated artesunate in the field:

Company Country of Purchase Claimed Dose

Cosunate, Cosmos Ltd, Kenya Kenya Artesunate 50 mg
*Saphnate, Saphire sprl, Belgium Congo Artesunate 100 mg
Gsunate Forte, GVS Labs, India  Kenya Artesunate 100 mg
Plasmotrim, Mepha Ltd, Switz. Kenya Artesunate 200 mg
Zysunate, Cadila, India Kenya Artesunate 50 mg
Arinate, Dafra Pharma, Belgium Congo Artesunate 100 mg
Armax-200, Ltd, England Congo Artesunate 200 mg
Guilin Pharm. Works, China Congo Artesunate 50 mg

o Complies better with specifications than does DHA!

Data from Atemnkeng, M. A.; De Cock, K.; Plaizier-Vercammen, J. Trop. Med. Internat. Health
2007, 12, 68-74.






Artesunate: Thermal Stability (cont.)

Stress testing, 40 °C, 70% RH:

Solution, acetonitrile, 70 °C
Solid artesunate, 40°C/70% RH

100 & L a4

2
2

©
ol
\
oo
o

* e
¢ Artesunate O

¢ artesunate

active drug, %
(@p]
(@]

I
(@)

o
>
(@)
-}
-
T 90 -
(o))
=
)
Q
©

00}
o1

N
o
|

(0]
(@]
|
(@)

100 200
days E days 3

e Superior to DHA
» Degradants include ‘rearranged DHA', artesunate dimers and other peroxides!

Chung Man Lung 2006; Haynes, R. K.; Gomes, M., Cartwright, A. et al. ChemMedChem, 2007, in
press






Artesunate: Hydrolytic Stability

AtpH 2.2 or 7.2

pH 2.24

g
=
o
=
n
o
o
&
o
(&)
5
oS

¢ Artesunate

* Hydrolysis to DHA

=
o

Decomposed (%).
ol

¢ Artesunate

* Chemical incompatibility (pK 4.6) with basic quinolines (cf. artesunate-

amodiaguine - ASAQ?)

J. Pharm Pharmacol 1996, 48, 22






The New Artemisinin: Artemisone

* Representative of a new artemisinin
class.

 Single isomer, nicely crystalline, no
fractional crystallization required.

» Single crystal type — no polymorphs

* No detectable neurotoxicity in validated

In vitro and In vivo assays
e In vitro efficacy ~ 9 x artesunate
* In vivo efficacy (P. berghel mice, P.
O O falciparum, primates) > 3 x artesunate

Bayer Central Research; Bayer Pharma; Bayer Chemicals (Lanxess); Australian Army
Malaria Institute; London School of Hygiene and Tropical Medicine; Gorgas Memoaorial

Institute, Panama; Walter Reed Army Institute of Research; HKUST; Haynes. R. K. et
al.Angew. Chem International Edition, 2004, 43, 1381-85; 2006, 45, 2082-2088.






Artemisone vs. Artesunate: Preparation

One step from DHA

l:l =

. . Et,N _
intermediate | > : Artemisone

55-73% from

K

[Nj - DHA
.S,

0o S

reagent

toluene in situ
room temperatue

Pyridine
(o] ¢
Et,N
CH,CI, or CHCI,

Same number of process steps as artesunate
Overall cost of goods largely determined by cost of DHA






Artemisone: Thermal Stability
Comparable to artesunate

Artemisone Artesunate Artemether
melting point (°C) 152.3-152.7 135-136 86-88

_ o Solution, acetonitrile, 70 °C
Solid, 40 "C

100 6—o—o

(o)
63

(0]
(@)

2
& Artesunate
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active drug, %
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o
active drug, %
o))

o

Artemisone
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Artemisone: Thermal Stability

Thermal decomposition

Artemisone
60%

dicarbonyl

compound tricarbonyl
40% compound

<1%
S\
0" o

Artemisone: inert carbonyl products on decomposition

Compare with

e artesunate: artesunate dimers, rearranged DHA, other peroxides
 DHA: ‘rearranged DHA'’, 2-deoxyartemisinin






Artemisone: Hydrolytic Stability

Agueous buffer, 20 °C

pH 7.24

2

& Artesunate

S
o
.0
=
%
s,
o3
S
S
(&)
a
@]

Artemisone

m Artemether

a B a
10

Days

e artemisone and artemether: no
decomposition

o artesunate: formation of DHA,
'rearranged DHA', other
products.

» Less stable than artesunate at low pH
 DHA is major product of hydrolysis

e Artemisone compatible with basic quinolines!






Artemisone: Metabolism

CYP3A4

o o O
NS . \ Ny
). () )
.S> S~ S
O 0 O 0 O O

Artemisone M1 M2: R=0OH,R'=H M4: R=0OH, R' = H
M3: R=H, R'= OH M5:R=H, R'= OH

0O
)
S;
00

CYP3A4 generates major metabolite M1, M2-M5 in smaller amounts
No inhibition of human CYP450 isoforms 1A2, 2A6, 2C9, 2C19, 2D6
and 3A4.

No clinically relevant induction of CYP3A4, CYP1A2, CYP2B6 and
CYP2C19- compare induction by artesunate, artemether, DHA.

Bayer Pharma, Wuppertal






Phase 1: Single dose escalation; double-blind; placebo controlled:;
Immediate release (IR) tablets, 20 mg

- plasma concentration-time profiles, single dose, 80 mgs.

140

=
N
o

=
o
o

Plasma concentration [ug/L]
N
o

o

 DHA is formed in small amount (<<10% of total C

Artemisone: Metabolism and Phase |
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Bayer Pharma, Wuppertal





Artemisone vs. Artesunate: Efficacy

In vivo: P. falciparum (FVO strain)-inoculated naive Aotus trivirgatus
monkeys; treatment after 6-9 days for 3 days.

Vierley Initial Parasite Monkey treated parasite density
No. Density d0-2 X 103/uL

(d0 X 103 uLY) 10 mgtkgtdt dl d2 >d3-4
with
452C 145 artesunate 2.1 0.2 day 9
4264 515 artesunate 15 0.6 day 20
340B 340 artesunate 40 0.4 day 18
1422 490 artemisone 0 day 20
3B3F 10 artemisone 0 day 20
6728 150 artemisone 0 day 29
4277 85 artemisone 0 none

recrudescence

e Recrudescences tend to be later with artemisone
« Rapid reduction in parasite biomass

Rieckmann, K.; Edstein, M.; Kotecka, B. Australian Army Malaria Institute, Brisbane, Australia






Artemisone vs Artesunate: Efficacy (cont.)

Artemisone Combinations: MFQ = mefloquine

Primate in vivo: P. falciparum (FVO strain)-inoculated naive Aotus
trivirgatus monkeys; treatment after 6-9 days.

I. Single dose artemisone (10 mg/kg) + MFQ (10 mg mg/kg) at day O:
complete cure (no recrudescence at d 60)

ll. Single dose artemisone (10 mg/kg) + MFQ (5 mg or 2.5 mg/kg) at

day O: . .
y Parasitaemia x 103 pL?

MFQ o[0) dl d2 d3-23 d24 | d25-29
mg/kg

5 25

85.3

2.5 29.2 0 0

a: cured by treatment with same regimen

Rieckmann, K.; Edstein, M.; Kotecka, B. Australian Army Malaria Institute, Brisbane, Australia






Artemisone : A Proposed MFQ Regimen?

Artemisone + mefloquine:
ASO = artemisone; MFQ = mefloquine

Allometric relationships suggest treatment regimens for humans:

. ASO: ~ 10 mg kg d* for 3 days (not recommended of course!).
i. ASO-MFQ: single dose ASO (3-4 mg kg?) + MFQ (3-4 mg kg?)?

 Compare with current or planned ACT therapies — adult dose:
Artesunate-MF: ATS 4 mg kg d- for 3 days + 25 mg kg MFQ usually
split over 2 or 3 days; total ATS 600 mg, MFQ 1500 mg

e Data also for amodiaquine and clindamycin
* To be screened with piperagquine

Rieckmann, K.; Edstein, M.,
personal communication






Artemisone - Clinical Phase lla

A prospective, randomized, controlled, unicenter, comparative trial
on non-severe malaria patients, oral treatment; 3 patient cohorts

» Cohort A3: Artemisone 2 mg kg d for 2 days followed by mefloquine 25 mg kg
on day 2

« Cohorts Al, A2: Artemisone 2 mg kg d* or artesunate 4 mg kg*d* for 3 days
followed by mefloquine 25 mg kg on day 3

Artemisone Artesunate

Cohort A3 (n = 30) Al/A2 (n = 10)

Cure (day 28) 100% 100%
Recrudescence 0 0
New Infection 1* 0
PCT (hrs), mean 26 35

Dose (mg kg?) 2 mg 4 mg

PCT = Parasite Clearance Time . vivax Prof. Sornchai Looareesuwan
Mahidol University, Thailand






Plasma concentration [ug/L]

Artemisone: Metabolic Stability and Plasma C

Phase lla Clinical Trial:

Cohort A1l: mean dose 1.6 mg/kg (80 mg fixed dose), sampling on day 1
Cohort A2: mean dose 2.0 mg/kg, sampling on day 3

max

H :
900 A
800 - : Cohort A2 '0-0,
Cohort A1l —®—Artemisone Al o) -
7 ——M1A1 O
—*— M2 Al

N
——M3 Al []
S

—&— Artemisone A2 day 3 M1 g
—=—\1 A2 day 3

R .
—— M2 A2 day 3 AR
——M3 A2 day 3 /{)&Ejg?

o . O
60 [N]
S

24 36 48
e No DHA! Time [h]
 No appreciable changes in plasma concentrations vs. M2: R = OH. R = H
time of dose; lower amounts of metabolites (cf. Phase 1) M3:R=H, R'= OH

e M1-M3 are also antimalaria-active.

Artemisone Is a new and different artemisinin!






Artemisone: Clinical Phase lla

Conclusions

No drug related adverse events

2-Day-treatment with artemisone 2 mg/kg is as effective as a 3-
day-treatment with artesunate 4 mg/kg!

that is, curative at 1/3 of total amount of artesunate

Rates of parasite clearance with artemisone was higher than
that of artesunate

No DHA detected

Preclinical primate data indicates that artemisone will be
effective at shorter dose regimens

— 1 day/2 dose or 1 day/1 dose + lower does of combination
partner!






Artemisone: Cost of Goods (cont.)

Currently: 2-day-oral treatment with ASO 2 mg kg = 3-day
oral treatment with ATS 4 mg kg (but likely to be better!!)

Currently: ASO = 1/3 amount of curative dose of ATS

Predicted demand for current artemisinins in ACTs ~150 million
oral treatment courses

Assume oral artesunate requirements ~ 65 million treatment
courses ~ 65 tons of artemisinin raw starting material

For ‘replacement’ of oral artesunate (original MMV directive!),
artemisone requirement ~ 1/3 artesunate: - ~ 1/3 x 65 — 22 tons
of artemisinin!

Overall cost of goods? — cheaper!!!: how much is being spent
on expanding production of artemisinin to service current
artemisinins?






Artemisone Development

The New Artemisinin

New chemistry for its preparation.

favourable physicochemical properties

Greatly enhanced efficacy, enhanced stability, cheaper than current 'gold
standard' artesunate (based on relative amounts required for cure!).
Longer half-life — ca. 3 hrs — vs. artesunate or DHA.

Completely different metabolic profile — insignificant (Phase I) or no DHA
(preclinical metabolism studies/Phase II).

The New Artemisinin
IS the first artemisinin to be developed entirely within Western drug
regulatory guidelines
IS the first artemisinin to be prepared according to established medicinal
chemical principles
IS the first artemisinin to elicit non-neurotoxicity according to validated in
vitro and in vivo screens






The Hong Kong University of Science
and Technology
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Current Artemisinins: Chemotherapy

e Dual or fixed artemisinin combination therapies ('ACTS’)

’ i

H Z I CH,
N<_-CH,4

l0-0. Q ) Hey
: , ® Q R
E C NN~ _-N<_-CH
CFgN R IN/ \l\“/\l\',/\C‘Z/I-Is A
A _ o c o Mo :
mefloquine: amodiaquine:

Artesunate + dual or fixed dose dual or fixed dose chlorproguanil-dapsone
(DNDi- (ASAQ): fixed dose (MMV-GSK)
Farmanguinhos) DNDi-Sanofi Aventis)
H £ DHA + piperaquine phosphate
T fixed dose: artekin (Holleykin-
SigmaTau)

YOG

Artemether + lumifantrine : artequick (Li Guo-Qiao,
fixed dose: Co-artem (Novartis) Artepharm, China)






Artesunate: Thermal Stability (cont).

Stress testing for evaluation of shelf-life: ICH/WHO guidelines
100 mg artesunate (ATS) in formulated rectal capsules:

Temp °C 50 S10) 40 40
Months 0.5 1 2 4

ATS %
DHA % : 1.7 2.4 1.8 2.7

Temp °C 30 c10) 30 30
Months | 3 6 9 12 18
ATS % | 97.7 95.8

DHA % | 1.3 1.5 2.0 2.2 2.7

— material balance issue!
= approx. equiv. amount of DHA and other degradant(s)!
Solvias AG, Basel; Gomes, M.; Haynes, R. K.; Wong, H- N. et al. Impurities in rectal artesunate

capsules, WHO-TDR 2006; Lung Chung Man; Haynes, R. K.; Gomes, M., Cartwright, A. et al.
ChemMedChem in press






Artesunate: Thermal Stability (cont.)

|dentification of degradants:

tricarbonyl
compound: ~ 5%

wo-dimer: 1.2%  ° B.B-dimer: 2.4% + DHA, variable amounts

Gomes, M.; Haynes, R. K.; Wong, H- N. et al. Impurities in rectal artesunate capsules, WHO-TDR
2006; Lung Chung Man; Haynes, R. K.; Gomes, M., Cartwright, A. et al. ChemMedChem in press






Current Artemisinins: Thermal Stability

International Conference of Harmonization (ICH) Guidelines

» Drugs in climatic zones Il (hot, dry) and IV (tropical humid) guidelines
either long-term thermal stress testing
- drug at 30 = 2 °C, relative humidity (RH) of 65 £ 5%, 12 months.
or accelerated thermal stress testing
- drug at 40 = 2 °C at RH of 75 £ 5%, 6 months, etc.

e Decomposition thresholds for minimum once/day dose 100 mg
- unknown degradants < 0.2%

- known degradants with quantified toxicity and efficacy profiles <1.5%

WHO Technical Report Series No. 863, Annex 5; Report of the 37th meeting of the WHO Expert
Committee on Specifications for Pharmaceutical Preparations, Geneva, 2001;
http://www.emea.eu.int/pdfs/human/ich/042102.pdf; E. H. Zaret, European Medicines Agency
EMEA, June 2006 CPMP/ICH/2738/99 ICH Topic Q 3 B (R2) Impurities in New Drug Products,
Step 5, Note for Guidance on Impurities in New Drug Products






Stabilities of Artemisinins: Comments

Artemisinins: The most effective drugs for treatment of malaria.

o Stability out of compliance with WHO/ICH guidelines for thermal stress testing
of drugs required for storage in Climatic Zones Il and IV countries
— unknown degradants < 0.2%
— known degradants with quantified toxicity and efficacy profiles <1.5%
Because of thermal/chemical fragility, amount of active drug substance must
not fall below therapeutic dose level.

Fixed or dual formulations:

« Fixed: co-formulation of fragile artemisinin (DHA) with robust quinoline —
danger of degradation of artemisinin active drug to sub-therapeutic levels?

« Dual: artemisinin and quinoline separately packaged, use more artemisinin
beyond a designated date?

Haynes, R. K.; Gomes, M., Cartwright, A. et al. ChemMedChem in press






Artesunate: Hydrolytic Stability and Plasma C

max

Pyronaridine-artesunate multiple oral dose phase |

artesunate profile
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DHA — DHA plasma Cmax 40% of artesunate — DHA Cmax in healthy

volunteers

— artesunate better source of plasma DHA than DHA itself?
= lower first pass metabolism of artesunate, but hydrolysis of artesunate to DHA

In plasma at pH 7.27

Batty, K. T.; Davis, T. M. E et al. Am. J. Trop. Med. Hyg., 2002, 66, 130; Arbe-Barnes, S.
Pyronaridine Artesunate Combination: MIM Malaria Conference 2005.





Artemisone: Metabolism and Phase |

Phase 1: Relative bioavailability and food effect of IR tablet and oral solution
- plasma concentration-time profiles, single dose 40 mg
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 Amount of DHA formed is dependent upon food effect, but is negligible!

* IR tablet best profile.
Bayer Pharma, Wuppertal





Artemisone vs. Artesunate: Efficacy
In vitro: drug sensitive and —resistant P. falciparum strains

100000
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B Artemisone
@ Chloroquine

O Artesunate

@ Pyrimethamine

J

3D7 drug sensitive clone (Netherlands)
K1 (Thailand)-CQ-R, PYR-R

VS1 strain (Vietham) CQ-R, PYR-R, Cycloguanil-R
7G8 (Brazil)-CQ-R, PYR-R;
HB3-B2 (Honduras) PYR-R

FCB (Colombia)-CQ-R

FCB

FCR3 Tm90C2A W2 FCR-8 FCC2 DD2

FCRS3 strain (Gambia) - CQ-R, PYR-R

Tm90 C2A (Thailand)- CQ-R, PYR-R, MFQ-R
W2 (Indochina)-CQ-R, PYR-R;

FCR-8 (Gambia)

FCC2 (Hainan) - drug sensitive;

DD2 (clone from W2) - CQ-R, PYR-R; LSHTM






Artemisone vs. Artesunate: Efficacy

EX vivo primate serum: bioassay

. method measures

Bl Artemisone -

@ Artesunate activity of |
drug + all active
metabolites in
plasma samples!

Ex vivo maximum inhibitory dilutions (MID) of plasma samples, obtained from Saimiri
monkeys at 1-4 and 6 h after single dose of artemisone or artesunate (10 mg kg1),
required to inhibit maturation of >90% P. falciparum K1 from rings to schizonts.

Rieckmann, K.; Edstein, M.; Kotecka, B. Australian Army Malaria Institute, Brisbane, Australia






Artemisone vs. Artesunate: Efficacy (cont.)

EX vivo primate serum: bioassay (cont.)
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Ex vivo maximum inhibitory
dilutions (MID) of plasma
samples, obtained from
Saimiri monkey SM 46 at 1-
4 and 6 h after single dose
of artemisone or artesunate
(10 mg kg1), required to
inhibit maturation of >90% P.
falciparum K1 from rings to
schizonts

Rieckmann, K.; Edstein, M.; Kotecka, B. Australian Army Malaria Institute, Brisbane, Australia






Artemisone vs DHA: Neurotoxicity

Brainstem cells: IC,,ug mL™?

NOEC

1ICx,

NO]I=®:
Neuro- >10

fllaments

o >10

NOEC: no observable effect concentration
nd:not determined

G. Schmuck, Bayer Pharma
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ARTEMISIA IN BRAZIL

CULTIVATION & PRODUCTION

PEDRO MELILLO MAGALHAES
UNIVERSITY OF CAMPINAS — BRAZIL

BANGKOK - JUNE 2007
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ARTEMISININ PRODUCTION IN BRAZIL

UNIVERSITY AND PRIVATE SECTOR COLLABORATION

- RESEARCH AND DEVELOPMENT

UNICAMP - University of Campinas
CPBQA — Chemical, Biological and Agronomical Research Center

- ARTEMISIA ANNUA CULTIVATION

ARTEPHARMA AGRICOLA LTDA

- ARTEMISININ EXTRACTION, PURIFICATION AND DERIVATES
SYNTHESIS

SOURCETECH QUIMICA LTDA

av Arte

SOURCETECH

-'..\'.

UNICAMP QUIMICA LTDA





RESEARCH AND DEVELOPMENT

DOMESTICATION TO TROPICAL CONDITIONS

Artemisinin - Artemisinin
1.,00%
O )
0,01% 24Kg/ha

firte

BRAZILIAN NATURAL EXTRACTS

SOURCETECH

QUIMICA LTDA






RESEARCH AND DEVELOPMENT

RECOGNITION OF PHOTOPERIODICITY

av Arte

SOURCETECH

—f.}'

UNICAMP QUIMICA LTDA






Artemisinin contents among the different genetic sources
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RESEARCH AND DEVELOPMENT

ARTEMISININ CONTENT

Distribution of artemisinin content within the examined
CPQBA individuals
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RESEARCH AND DEVELOPMENT

ARTEMISININ CONTENT

Relative Distribution of artemisinin in A. annua

Plant Part %yield % of total
(g/100g) Artemisinin/plant

Upper leaves 0.15 41.7*
Middle leaves 0.09 25.0*
Lower leaves 0.08 22.2*
Side Shoots 0.04 11.1
Main Stems traces

Roots abasent

Seeds 0.04

[UL=0-50 cm; ML=50-100 cm; LL=100-150cm]

av Arte

SOURCETECH

—f.}'

UNICAMP QUIMICA LTDA






RESEARCH AND DEVELOPMENT

FROM PLANT TO MEDICINE
.

' (Centro
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AGRICULTURAL PRODUCTION

SEEDLINGS

-
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WHO monograph

World Health
Organization

SOURCETECH

QUIMICA LTDA

BRAZILIAN NATURAL EXTRACTS





AGRICULTURAL PRODUCTION

PLANTING

firte

BRAZILIAN NATURAL EXTRACTS

SOURCETECH

QUIMICA LTDA






AGRICULTURAL PRODUCTION

PRE-HARVESTING

Ar

-

OURCETECH

UNICAMP QUIMICA LTDA

BRAZILIAN NATURAL EXTRACTS






AGRICULTURAL PRODUCTION

HARVESTING AND DRYING

Arte

-

SOURCETECH

UNICAMP QUIMICA LTDA

BRAZILIAN NATURAL EXTRACTS






AGRICULTURAL PRODUCTION

PACKAGING AND STORAGE

SOURCETECH

QUIMICA LTDA






INDUSTRIAL PROCESSING

SOURCETECH QUIMICA is a Brazilian company dedicated to the
development and the production of active principles for pharmaceutical
usage. Industrial plant unit is located 150 km from S&o Paulo.

SOURCETECH

QUIMICA LTDA






INDUSTRIAL PROCESSING

- Company working according GMP Standards
- DMF — FDA

- Certificate Suitability from EU — EDQM

SOURCETECH

QUIMICA LTDA






99,5%0 PURE ARTEMISININ

firte

BRAZILIAN NATURAL EXTRACTS

SOURCETECH

QUIMICA LTDA






PRODUCTIVITY DATA

2007 PROJECTED 2009

PRODUCTIVITY (KG/HA) 1.600 2.400
ARTEMISININ CONTENT 0.90 % 100 %

(%) IN THE LEAVES

ARTEMISININ CONTENT 14.40 24.00

(KG) PER HECTARE

EXTRACTION EFFICIENCY (%) 60 80

KG ARTEMISININ / HA 8,65 19,20

Ve Arte

SOURCETECH

—f.}'

UNICAMP QUIMICA LTDA






PHASE SEEDLINGS GROWING SEASON HARVEST PROCESSING
(unit) (area) (Dried Leaves) (Artemisinin)

PILOT oCT MAY 2007

PA

2006 / 2007
( ) 40 kg

PRE - OoCT 5
INDUSTRIAL 2007 APR-MAY 2008

(2007 / 2008) 720.000

INDUSTRIAL OCT DEC MAR-APR
2008 2008 2009 APR-NOV 2009

(2008 / 2011)
10.000.000 600 ha 1.440 ton 11.500 kg

AR

-

=

te

BRAZILIAN NATURAL EXTRACTS

SOURCETECH

QUIMICA LTDA
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ARTEMISININ PRODUCTION AND MARKET NEEDS
JUNE 25, 2007

Semisynthetic Artemisinin

g'\f,WH Institute for OneWorld Health

A Nonprofit Pharmaceutical Company
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SAMYRIS Berkeley





PROJECT VISION AOWH

Global Health Challenges ‘
(Artemisinin Supply) WA

+

Synthetic
Biology
(Biotechnology)

= low cost target ($100 /KQ)

= artemisinin incorporated
into ACT(s) early 2010

ACT Manufacturer's Meeting 1 June 19, 2007





CURREN

University of California,

Berkeley

Amyris Biotechnologies

Institute for OneWorld Health

Bill & Melinda Gates

ACT Manufacturer's Meeting

Foundation

PARTNERS

Pathway discovery and optimization
Strain construction & engineering

Strain optimization & engineering
Process development

Process optimization
Technology transfer

Program management

Advisory boards

Commercial strategy/supply chain
Regulatory strategy

Strategic manufacturing partnering

Funding, support, oversight

June 19, 2007

+*&WH





CWH
WHY SEMISYNTHETIC ARTEMISININ? v

Increase access to Artemisinin Combination Therapies (ACTs)

 Reduce a key cost component of ACTs
* Enable elimination of monotherapies (address resistance concern)

Provide second source of artemisinin

« Augment existing plant derived supply

* Provide high quality consistent supply

e Supply not subject to seasonal harvest and long planting cycle
* Leverage & stabilize manufacturing supply chain

Proof-of-concept for platform technology
* Innovative technology solution to solve a major global health problem

Build a unique product development partnership
* Non-profit, university, start-up biotechnology company

ACT Manufacturer's Meeting 3 June 19, 2007





SWH
SEMISYNTHETIC ARTEMISININ
PROGRAM OVERVIEW

Program Objectives Milestones To Date Upcoming Milestones

e Ensure alow cost 2Doe(;:4 ErErt AEr e Select scale up and
reliable, consistent high | 2007 gg?t“r?;?rc'a' LEMRETAE
quality source of Julyy | DIEEEVERT € PSR G)

e 2005 (key enzyme in artemisinin
pathway in A. annua) 2008 | Begin technology transfer
& scale up
* Make semisynthetic .
L y ilabl April | Proof-of-concept
artemisinin available to 2006 | production of artemisinic Complete scale up to
all high quality ACT acid in yeast (Nature, April 2006) 2009 | commercial scale, achieve
equivalent
_ Aug met intermediate

e Ensure ACT cost savings 2006 | amorphadiene fermentation

passed to endemic milestone

Coun.trles at IO_WeSt ‘%387 Selected microbial host GOAL
possible cost in shortest

possible time First ACT containing

2010 | semisynthetic
artemisinin launched

ACT Manufacturer's Meeting 4 June 19, 2007





+*&WH
A SECOND SOURCE SUPPLEMENTS
THE ARTEMISININ SUPPLY CHAIN

Cultivation Extract|on

ACT Therapy

Artemisinin

DERIVATIVES

Chemistry

Artemisinic Artemisinin
Acid

ACT Manufacturer's Meeting 5 June 19, 2007





SEMISYNTHETIC ARTEMISININ PROCESS

Synthetic Biology

Mevalonate pathway
(TOP)

atoB MMMevalonate

Mevalonate pathway

(BOTTOM)

CHz; OH

H3c)LSCoA I HO 20\)\/\ ;

e

X X o e

Synthase

Hydroxyase

~

QU

Artemisinin

l Reduction

Dihydroartemisinin

Rearrangements and
Ring-Closures

OMe

Artemether

Dihydroartemisinic Dihydroartemisinic
Acid Hydroperoxide Acid Methyl Ester

Qll=x
1T

OEt

Artesunate
AT (Artesunic Acid)

Dihydroartemisinic
Acid

Artelinate o

(Artelinic Acid)
~<AM

Purification

Reduction HO

Artemisinic
CPR 4 p450 Acd

un|

Q==

\
g

(¢]

Artemisinic
Acid

Chemical
Conversions

BIOTECHNOLOGIES





+<&WH

MEETING ACT WORLDWIDE DEMAND

~500M
treatments

Projected
WHO
Global
Demand

~

Notes:
Demand projected from BCG Malaria model.
80 tons could supply up to 200M treatments (based on
average of child/adult doses and differing combinations

Annual Treatments

ACT Manufacturer's Meeting 7

June 19, 2007





i &WH
BEYOND ARTEMISININ COSTS, NUMEROUS
FACTORS IMPACT END-USER ACT PRICE

ACT ex factory price inputs Distribution price inputs

International
Combination : . and local
L Formulation Admin B
Artemisinin |+ drug *H & packaaing IFl over- * | profit F Ex factory + | distribution [=Consumer/
derivative component pcostsg g head ACT price costs end-user
costs and price
markups
/\ A\
Estimated % of ex factory { } { }
cost of current ACTs:
Zero Zero
37-71% 3-36% 8-37% 9% manufacturer’s ‘markups
(ART API) (Co-API) (formulation and (management : profit m.case of
packaging) overhead) in case of public markets
Coartem for paid for
Based on $900/kg Artemisinin B B 97 ElRATN

Not all ACTs are created equal: Combination drugs, complexity of
formulation, and number of tablets contribute to differential ACT cost

Source: BCG interviews and analysis

ACT Manufacturer's Meeting 8 June 19, 2007





+*&WH
ACTs HAVE DIFFERENT COMPONENT COSTS

Artemisinin Derivative, Companion Drug, Forumlation & Packaging

Estimated ex factory cost per adult treatment for
different launched and pipeline ACT products

Total cost per
treatment ($)
2.20 I L
[] artemisinin derivative
1.89 [l Companion drug
2 17 B Fill & finish
1.60 1.63 B Overhead allocation
Based on 1.42
artemisinin : 1.32 196
price of $900/kg :
1.03
1.04
1 -
0.65
0 .
ACT product A B C D E F G H I Mono-
therapy

Note: Assumes blister packaging unless noted, 10% overhead allocation based on ex factory costs
Source: BCG analysis, June 2006

ACT Manufacturer's Meeting 9 June 19, 2007





MOST ACTs DROP BELOW $1 i&WH
AND COST OF MONOTHERAPY

Estimated ex factory cost per adult treatment for

3 - different launched and pipeline ACT products
Total cost per
treatment ($) i1 Savings from semisynthetic
--— ART
: : [] Artemisinin derivative
2 : LT [l Companion drug
A o [ Fill & finish
) 166, T L B oOverhead allocation
Savings based I Pl L B
on artemisinin 4o oo A
price of $100/kg B A L
11.07) 1, q! ! Pl I = 1.04
1 A P 0g7 | I |
SOl ™ : : L : Assumes
T el | semisynthetic
: l artemisinin not sold
B ' to monotherapy
producers
0 .
ACT product A B C D E F G H I Mono-
% ex factory cost therapy
reduction due to
semisynthetic 32% 33% 39% 43% 44% 47% 50% 61% 45%
artemisinin:

Note: Assumes blister packaging unless noted, 10% overhead allocation based on ex factory costs
Source: BCG analysis, June 2006

ACT Manufacturer's Meeting 10 June 19, 2007





<CWH
ROLL-OUT STRATEGY FOR
SEMISYNTHETIC ARTEMISININ

Technology Process Full-scale Sale to API ACT product Regulatory & Increase

development scale-up manufacturing / Manufacturers / manufacturing Distribution Access

Manufacturing Partnership

» Select manufacturing partner to scale up
& produce cGMP artemisinin

» Achieve artemisinin cost target for
maximum impact on market dynamics

Supply Chain Strategy

* Provide semisynthetic artemisinin to ACT
makers who support public health and
social responsibility goals

« Commitment to eliminating monotherapy

Access

* Decrease ACT price
(pass cost savings to customer)

» Address other ACT cost components
to further lower price

ACT Manufacturer's Meeting 11 June 19, 2007
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TWO OPTIONS FOR STARTING MATERIAL
FOR REGULATORY PURPOSES

Fermentation Chemistry ACT Therapy
!ﬁ . &= mf .
. > g@: i‘""‘"‘ Derivatives
. = e Artemisinin
Acid
Proposed e j v
Intermediate API Drug Product

Regulatory Proprietary Process
(Starting Material for API)

Classification
Well Documented _ Subject to cGMP requirements
or
Subject to cGMP requirements

FINAL DETERMINATION DEPENDENT ON ACT PRODUCERS
REGISTRATION STRATEGY

ACT Manufacturer's Meeting 12 June 19, 2007
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Summary

GOAL . Provide reliable, high quality, low cost, semisynthetic artemisinin to
- augment plant derived artemisinin in the manufacture of ACTs

* Semisynthetic process will consist of microbial fermentation to produce
artemisinic acid (AA) followed by chemical steps to reach artemisinin.

* Fermentation to artemisinic acid with thorough documentation — Synthetic
chemistry to artemisinin at an established GMP manufacturing facility — all
work will be conducted under cGMP. The information will be submitted in a
DMF (if possible)

* Semisynthetic artemisinin will meet WHO monograph and more stringent
specifications (to be established)

e Artemisinin will be made available to all qualified derivative manufacturers

* Derivative and ACT manufacturers will purchase material and use in their
existing processes

« ACT manufacturers will make regulatory filings for the change for each
product

ACT Manufacturer's Meeting 13 June 19, 2007
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CNAP Artemisia Research Project

Fast-track breeding of Artemisia annua

Meeting Global Demand
25 June 2007

Dianna Bowles, lan Graham, Maggie Smallwood

" 4N
"CNAP -- THE UNIVERSITYW
THE QUEEN’S
CENTRE FOR NOVEL AGRICULTURAL PRODUCTS ]A?WERWWPLR[ZES

Department of Biology

A sustainable supply of artemisinin from Artemisia annua
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Project aim

To produce a cost-effective plant product which will
stabilise supply and reduce production costs of
artemisinin for artemisinin combination therapies

A sustainable supply of artemisinin from Artemisia annua





THE CNAP ARTEMISIA RESEARCH PROJECT

NETUL 4D

Demand for artemisinin

the global demand for ACTs will continue to increase

over half of that demand must be met by A. annua plants even when
alternatives succeed

improvement of the plant production system is a continuing
requirement

Plant manufacturing

sustainable
high capacity
scaleable

complex chemicals

A sustainable supply of artemisinin from Artemisia annua
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Artemisinin made by plants

A. annua is the only proven production system for
artemisinin

regulatory frameworks are already established

the plant-based system has a known economy
However:

yield in current varieties is low and unreliable

the supply chain is not secure

volatile prices and high production costs
High yield varieties will help

secure the supply of artemisinin
reduce the cost of production

cheaper artemisinin

A sustainable supply of artemisinin from Artemisia annua






THE CNAP ARTEMISIA RESEARCH PROJECT

Impact of high yield varieties on price

Sustainable price for artemisinin using current technology
and A. annua varieties 2$400 per kg

Cost of artemisinin production is directly proportional to yield
in the plant

1 yield per hectare = |cultivation costs
T yield per unit biomass = |extraction costs
Yield of best current varieties <1% DW

Increasing yield to 4% = artemisinin at ~ $100 / kg

However, cost of production is only one of many factors
which impact on price

A sustainable supply of artemisinin from Artemisia annua
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Parameters controlling plant artemisinin yield

iIncreasing the leaves on a plant
increasing the trichomes on a leaf
iIncreasing the artemisinin per trichome

A sustainable supply of artemisinin from Artemisia annua
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Scientific strategy

——

increase the genetic ~ E5=Z ¥
diversity of A. annua Wi

identify individuals with
high artemisinin

174 195 204 213 229

develop robust new
varieties

A sustainable supply of artemisinin from Artemisia annua
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Increased genetic diversity

EMS treated populatlons of A. annua

Artemis — high yield
F1 hybrid (0.8 —
1.5%)

Starting population
of 9,000 plants

Timescale — plants currently under cultivation

A sustainable supply of artemisinin from Artemisia annua
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Scientific strategy

Increase the genetic
diversity of A. annua

1

identify individuals with|
high artemisinin

develop robust new
varieties

A sustainable supply of artemisinin from Artemisia annua
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|dentify individuals with high artemisinin

HT screen for HT screen for

metabolites genes
~25,000 plants ~50 genes
UPLC-MS, FTIR, MALDI. ELISA Heteroduplex mapping

timescale — probability increases with numbers screened
earliest likely date — autumn 2007

A sustainable supply of artemisinin from Artemisia annua
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Gene discovery programme

Genes controlling secondary metabolism

Artemisinin biosynthetic pathway

Precursor synthesis / competing pathways
Regulation

Genes controlling development

Trichomes: size, number, distribution &
Flowering: number of flowers and timing O O
Size/shape of leaves () -
Plant architecture

A sustainable supply of artemisinin from Artemisia annua
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Scientific strategy

develop robust new
varieties

A sustainable supply of artemisinin from Artemisia annua
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Develop robust new varieties

“ back crossing into wild
type parents

® field trials

¢ user-tests of artemisinin
from new hybrid

timescale — 3 years from identification of high yielding individual
earliest likely date — 2010

A sustainable supply of artemisinin from Artemisia annua





THE CNAP ARTEMISIA RESEARCH PROJECT
Fast track breeding of A. annua

Scale

orders of magnitude greater than previous efforts
metabolite screen of 25,000 plants
gene screen of 10,000 plants

Cutting edge technology
Genomics - gene libraries, HDM, markers
HT LC and GC-MS metabolite profiling
Speed
HT gene & metabolite technologies compress breeding timescale
Molecular markers further accelerate process

Information management
Custom FLIMS designed for project

Achievable yield improvement

Other species produce similar compounds in similar structures
at 13% DW

A sustainable supply of artemisinin from Artemisia annua
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A continuum of forward and reverse

screening
Earliest date to market 2010

2007 2008 2009 2010 2011
I I | I I I |

Possible candidate
identification

Earliest date

to market
12.5k plants ‘: _____________ mEraaaa s e ‘
12 genes > T Backeissing & i Eeilis = 2
Pogjlbltgf.car][fjldate Earliest date
identification oh riarke
25k plants .: _____________ e e ’
48 genes > - : _aEk_c_ro_s;s .- : ,____Fl_el_d_T_rl_aI_s_ i

Probability of success increases with number of homozygous genomes
and genes screened

A sustainable supply of artemisinin from Artemisia annua
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Roll out of new varieties

strategy in early stages of development

Sufficient high yield A. annua to meet demand of the ACT supply chain
Reduced production cost = reduced price of artemisinin

Low cost artemisinin is used for Artemisinin Combination Therapies
Seed to be provided at cost to contractors/growers supplying ACTs
Ensuring high yield seed is suitable for existing growers

Partnerships under development with contractors/growers North & South of equator

Ensuring new varieties are suitable for ACT manufacture

Partnerships with pharmaceutical companies to undertake user tests

A sustainable supply of artemisinin from Artemisia annua
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A sustainable supply of artemisinin from Artemisia annua
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i ARTEMISININ MARKET

= THE CHALLENGE OF THIS TOPIC:

= Everybody interested by the situation
but

« Figures were given not by all

= And often confusion between capacity
and real production.

25/06/2007 Artepal project 2





i ARTEMISININ MARKET

= THE NEED TO COOPERATE

= Good knowledge will lead to good decisions
for everyone: avoid non necessary
Investments, to protect the farmers

= To place the market at a fair level of price

= To avoid any shortage which could kill the
Image of the products and companies

25/06/2007 Artepal project 3





i ARTEMISININ MARKET

= Our offer: To gather figures, to
treat them under the following
conditions:

« Confidentiality of the individual
figures unless specifically authorized
or If public iInformation

= Globalization of the figures

= To Plubish regularly the result on the
www.artepal.org website.

25/06/2007 Artepal project 4





i ARTEMISIA ANNUA

In hectares | 2003 | 2004 | 2005 | 2006 | 2007*
14 500
TOTAL 2500 | 4100 | 8500 |24 000 .
* Forecast/ Source: FAO and personal contacts

25/06/2007

Artepal project






i ARTEMISIA ANNUA

= Seeds: free to 150 $/g. 12 000 seeds/g
= Dried leaves: 1.5Tto 2 T/ha

s Artemisinin content : Asia: 0.4 to 0.89%%0,
Africa: 0.7 to 1.2%0 In average

= Cost: linked to competition, market,

quality... Price 400— 800%/T according
to quality

s Possible actions: increase content and
biomass/ha. New seeds

25/06/2007 Artepal project 6





i ARTEMISININ PRODUCTION

INn Tonnes 2003 2004 2005 2006 2007
(evaluation)
180 120 —
TOTAL 10 |40-45]| 53-85 00 | 130

25/06/2007

Artepal project






i ARTEMISININ PRODUCTION

Production from a shortage in 2004 to
an oversupply in 2005 — 2006

China: from less than 10 producers to
more than 80 in 2006

Vietham: from 3 producers in 2004 to
more than 20 in 2006;

Africa: new producers and new projects
IN NnUMerous countries.

25/06/2007 Artepal project 8





i ARTEMISININ DEMAND

= Public demand:
See WHO presentation.

= Private market:
Much smaller : 2096 of the market?

= More and more integrated
downstream production of APIs

25/06/2007 Artepal project 9





ARTEMISININ PRICE

s [he cost drivers:

= Price for Artemisia annua dried leaves / T.
Farmers will compare the revenue per ha
with other crops.

= Content in artemisinin and extraction yield

= Cost of extraction process (solvents,
utilities, manpower, analysis, storages...)

= Amortization of the investments and
working capital financing

25/06/2007 Artepal project 10





i ARTEMISININ PRICE

= Evolution of the price in US$ during the last
years (spot prices)

Price In 2003 | 2004 2005 2006
$/kg

Fork of 350—- | 600—- | 1100 - | 800 -
prices for 400 1100 800 250
each
semester

25/06/2007 Artepal project





i ARTEMISININ PRICE

= Contract prices between producers
and big pharma more stable, but
pressure on both sides according
to the market.

= Actuel prices in the range 180 —
250 $/ kg>

= This level Is not suitable to
guarantee a sustainable activity

25/06/2007 Artepal project 12





i THE MARKET

= Necessity for producers to have
contacts with customers: contracts

= Need for guality at all levels of
production and documentation

= Forecasts In due time
= Withdraw of producers?
= Regulation organism?

25/06/2007 Artepal project 13
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Global burden of malaria

Reported by WHO and UNICEF in 2004

® 107 countries and territories with 3.2 billion people have
risk of malaria transmission

" 350-500 million clinical malaria episodes occur annually

" More than one million deaths each year, 80% in Africa,
75% Africa children below the age of five.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Why Malaria Becomes Burden in Africa

The poorest people are at increased risk both of
becoming infected with malaria and of becoming
infected more frequently

Resistance to inexpensive monotherapies (chloroquine
and sulfadoxine-pyrimethamine) has developed rapidly
with increasing mortality

more frequent exposure of non-immune population

emergence of HIV/AIDS
climate and environmental changes

Global Demand: Artemisinin Production and Market BN
Needs, 25 June 2007, Bangkok 8 & World _Hea_lth
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Discovering Artemisinin

This was one of the most important advances in
malaria control in modern times.

Artemisinin and its antimalarial effect were first
discovered by Chinese scientists in the 1970s .

Artemisia annua L. has been used in China for more
than 2000 years for treating many disorders including
malaria.

It 1s also evidence to show efficacy of traditional
medicine.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






The major chemical constituents
of Artemisia annua L.

" Dry Leaves of A. annua consists of volatile and non-volatile

constituents.

" The main non-volatile chemical constituents [

of interested from A. annua include

artemisinin,
artemisinin I,
artemisinin II,
artemisinin III,

artemisinin IV,

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok

artemisinin V
artemisic acid,
artemisilactone,
artemisinol,

epoxyarteannuinic acid.






Chemical characteristics of
artemisinin based compounds

A new group of artemisinin compounds:
— Artemether,
— Artesunate
— Dihydroartemisinin

" Effective against multidrug-resistant P. Falciparum
malaria.

" Half-life of artemisinin based compounds 1s very short,
therefore it has to be used for 7 days 1f used alone.

® Used in Combination with certain synthetic drugs for 3
days.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Countries in Africa Move to ACTs

South Africa Distribution of endemic malaria Kenya
Zambia “’ﬂf Ghana

Zanzibar . G g Eqg. Guinea

Burundi L/ Cameroon
Gabon ST Sao Tome

Comoros Ut Benin
| Tanzania

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Demand related to Artemisia annua L.
And ACTs

2005 2006

Artemether+Lumefantrine | 50-60 million | 80-120 million
treatments treatments

Artesunate+Amodiaquine |20-25 million |25-30 million
treatments treatments

Artesunate+Sulphadoxine/ |3-5 million 3-5 million
pyrimethamine treatments treatments

Artesunate+Mefloguine 0.5-1.5 0.5-1.5 million
million treatments
treatments

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Demand related to Artemisia annua L.
And ACTs

Lower Upper

Dried leaves/hectare 1000kg 1500kg

Active Content 0.5% 190

Artemisinin extracted 40%0 70%

Artemether 60%0 60%0

Artesunate 110%

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Demand related to Artemisia annua L.
And ACTs

Equivalent /hectare

Quantity /

treatment/adult

Number of treatments/
hectare

Field area for 100
million treatments

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok

Artemether

12 - 75Kkg

0.48 ¢

2,500-15,600

40,000-6,400
hectare

Artesunate

22 - 12.6 kg

0.6¢

3,700-21,000

27,000-4,800
hectare






Quantity of supplement of Artemisia
annua L.

China 100 ton/year

Vietnam 75 ton /year

Kenya

20-30 ton/year

Other countries

2-5 ton/year

Total

250 ton/year

Needs, 25 June 2007, Bangkok
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Development of the WHO Monograph
on GACP for Artemisia annua L.

WHO two programmes RBM requested TRM to develop
the GACP monograph of A. annua in mid of 2004 ~ l:I?ﬁ III:I;;ﬂ‘
The document was drafted in early of 2005
The draft document has been reviewed twice
by nearly 100 experts from 35 countries
The document has been revised twice based on the
received comments
The document was reviewed and finalized by a WHO
consultation 1n July 2005, Guanxi, China

Global Demand: Artemisinin Production and Market ¢ I5; \
Needs, 25 June 2007, Bangkok V@\} World Health
S ¥ Organizatio






Safety, efficacy and quality
of medicinal plant

" WHO Guidelines on good
agricultural and collection " collection pracices [EACP)

for medicinal plants.

practice for medicinal plants [
(GACP) 1n 2003 T 4

Global Demand: Artemisinin Production and Market ¢ I5; \
Needs, 25 June 2007, Bangkok i\f,@& World Health
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WHO guidelines for GACP for
Artemisia annua L

Objectives

" provide practical and specific technical guidance in
cultivating and collecting A. annua

" promote good quality with high yield of A. annua

® facilitate sustainable production of Artemisinin-based
medicines

" Provide a model for countries to develop their national

GACP monographs for other specific needs

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Botanical and pharmacological
characteristics of Artemisia annua L.

Geographical distribution

" A annua i1s widely distributed 1n the temperate, cool
temperate and subtropical zones (mainly in Asia) of the
world.

" [t originated from China and grows mainly in many parts of
Europe and Asia.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Botanical and pharmacological
characteristics of Artemisia annua L.

Major areas of cultivation

" A few countries are currently cultivating A. annua on a
large scale, such as China, Kenya, the United Republic of
Tanzania and Viet Nam.

Small-scale cultivation has been undertaken in India and
other countries in Africa, southern Europe and South
America.

A. annua for industrial use is mainly collected from the
wild.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Cultivation history of Artemisia annua L

Origin in China 168 BC

Moved to Vietham for cultivation 1970s

Moved to Europe, Americas, Australia | 1980s

Moved to East Africa for cultivation

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Growth and development
characteristics of Artemisia annua L.

" The growth cycle of A. annua Seedling, branching, flower-
budding, flowering, fruiting and withering.

® The length of each growth period of A. annua varies with
seed source, cultivation techniques, site and conditions.

" The biomass of A. annua increases with the increase in the
length of growth period and reaches its maximum before
flower budding. Biomass decreases from the time of
flowering to plant withering.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Growth and development

naracteristics of Artemisia annua L.

%

——

-—;" w—f«a _!:-::-m-—vs"‘ ]
’ p _3
] &
-

Growth phase

China

Chongqing

Guangxi

Viet Nam

Kenya and United
Republic of Tanzania

Seed germination

7-10 days after sowing

8-16 days after sowing

7-10 days after sowing

4-10 days after sowing

Appearance of 1% pair
of leaves

Further 7-15 days

Further 8-15 days

Further 7-15 days

Further 4-5 days

Appearance of 2"
pair of leaves

Next 15-25 days

Next 16-22 days

Next 15-25 days

Next 7 days

Branching

60-75 days after
transplantation

50-69 days after
transplantation

60-100 days after
transplantation

75 days
after transplantation

Cessation of growth in
height

170 days
after transplantation

165 days
after transplantation

210 days
after transplantation

180 days
after transplantation

Flowering

190 days
after transplantation

195 days
after transplantation

240 days
after transplantation

200-210 days after
transplantation

Full fruition

235 days
after transplantation

230 days
after transplantation

280 days
after transplantation

240 days
after transplantation

Withering

260 days
after transplantation

255 days
after transplantation

310 days
after transplantation

250-260 days after
transplantation

Global Demand: Artemisinin Production and Market 715 \
Needs, 25 June 2007, Bangkok ‘;)) World Health
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Growth and development
characteristics of Artemisia annua L.

Preferred ecological conditions:

Distributed: hillsides and grows well on the edges of forests
and on wasteland.

Adaptability with a proclivity for sunny conditions.
The temperature for seed germination: above 7 °C.
Growth temperature: 20-25 °C.

Altitude: varies from country to country. e.g. Viet Nam/50—
500 m, China/600—800 m and Kenya and the United Republic
of Tanzania/1000—1500 m

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Growth and development
characteristics of Artemisia annua L.

Preferred climatic conditions:
warm climates: grows well.

Average air temperature: annual in the range 13.5-17.5
°C.

Average temperature during the growth phase: 17.6-28.4
°C.

the accumulated temperature: 3500/5000 °C which is not

lower than 10 °C. "
annual rainfall: 1150-1350 mm. G

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Harvest and post harvest processing

Artemisinin content related to the best harvesting time
" According to studies in countries A. annua 1s produced,

best harvesting time: early stage of flower budding. The
yield of A. annua leaves and the content of artemisinin is
reduced 1f harvesting 1s too early or 1s delayed.

Also affected by factors: geographical conditions,
harvesting time, temperature and fertilizer application.

In different production areas, the range of artemisinin
content 1s wide. the highest content 1s up to 1-2%
expressed as dry weight of leaves of A. annua.

The content of artemisinin of A. annua should be tested
before harvesting.

Global Demand: Artemisinin Production and Market BN
Needs, 25 June 2007, Bangkok sy World Health
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Quality control requirements for
herbal materials of Artemisia annua L.

Seeds

® Seeds should originate from plants of the species of A. annua
(Asteraceae or compositae).

" Seeds of other origins show a marked difference in the
germplasm with artemisinin content ranging from 0.01% to
more than 1.0% .

" 1t 1s necessary to know the origin of the seed and the
propagation materials prior to the cultivation of A. annua.

" It 1s necessary to cultivate the seeds for both cultivation and
wide collection.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Other important technical
Issues

= A. annua is grown worldwide;
however, this does not
mean that all the plants necessarily
contain artemisinin.
In some places, although A. annua
may contain artemisinin, the

content may be very low and 2
without commercial value. AR O

" Due to above-mentioned complicated technical and
environmental factors (e.g. altitude, temperature, rainfall, soil
characteristics and method of cultivation), a pilot test of
cultivation on a small area of land is recommend before large-
scale cultivation begins.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Other important technical issues

The effective ingredient of A. annua — artemisinin — 1s not very
stable.

the special peroxide group in its chemical structure makes
artemisinin unstable when heated. It decomposes easily 1f stored
in warm, humid conditions, therefore high temperatures should
be avoided during post harvest handling.

After harvesting or collection, the artemisinin content of the
leaves will gradually decrease. The value as a raw material for
extraction, would be lost after 1 year's storage.

According to the experience of some countries, the raw
materials may lose their commercial value 6 months after
harvest or collection.

Global Demand: Artemisinin Production and Market BN
Needs, 25 June 2007, Bangkok 8 & World _Hea_lth
/¥ Organizatio
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Other important technical issues

Ensuring the extracting capacity for artemisinin from
locally grown plants

" WHO encourages and supports developing countries in
promoting their local medicinal products

In some countries, where high-yield plants of A annua grow,
the governments may want to produce artemisinin-based
medicines themselves.

However, the governments should make sure whether the
technical skills and know-how needed to extract artemisinin
from dried leaves are locally available before large-scale
cultivation begins.

Global Demand: Artemisinin Production and Market BN
Needs, 25 June 2007, Bangkok )y, World Health
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Other important technical issues

Using other forms of A annua for anti-malaria

" Lack of knowledge of the chemical characteristics of
artemisinin in dry leaves of A annua, the tea bag made of
A. annua has been used for anti-malaria, particularly in
some African countries.

Global Demand: Artemisinin Production and Market BN
Needs, 25 June 2007, Bangkok 8 & World _Hea_lth
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Other important technical issues

Using other forms of A annua for anti-malaria
Characteristic of artemisinin and raw material of A. annua :
= Unstable in boiling water — loss the anti malaria function.
= The artemisinin content is low in the raw materials.

The available strength of artemisinin: 250mg/capsule
(International Pharmacopoeia).

The artemisinin content maximum: 1.0% in dry leave.

It 1s difficult to enable the tea bag to meet the available
strength of artemisinin.

= Storage condition should keep under 20°. In the most African
rural areas it may be difficult to keep the tea bag under 20°.

= Storage duration should less than half a year. Artemisinin
content will still be gradually decreased after harvesting/
collecting.

Global Demand: Artemisinin Production and Market I
Needs, 25 June 2007, Bangkok \,‘@v World Health
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The Monograph Utilization

The Monograph provides:

® Technique and method for the cultivation and collection of A.
annua .

" Research data and the practical experiences of several
countries with high yield of good quality A. annua .

" Guidance which should be used in conjunction with other
WHO documents and publications, for example, WHO

guidelines on good agricultural and collection practices
(GACP) for medicinal plants 2004.

Global Demand: Artemisinin Production and Market
Needs, 25 June 2007, Bangkok






Thanks!

http:// www.who.int/medicines/areas/
traditional/en/index.ntml

Global Demand: Artemisinin Production and Market ¢ I5; \
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Conference on Artemisinin production and market needs

25 and 26 June 2007, Bangkok

Prequalification and
Quality Assurance
requirement for API

.3 World Health
®)Y Organization
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Prequalification Program of Priority Essential Medicines

The UN Prequalification Program is an action plan for expanding
access to priority essential medicines in the following four areas:

- HIV/AIDS

- Tuberculosis

- Malaria

- Reproductive Health

The Prequalification Program is ensuring that medicines procured
with international funds are of assessed and inspected quality,
efficacy and safety.

A UN Prequalification Program of Quality Control Laboratories
exists to facilitate the quality control of the prequalified products.

1 .a World Health
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Prequalification Program of Priority Essential Medicines
Background

The background of the Program

- Millions of people are living with HIVV/AIDS, tuberculosis and
malaria, and have no or limited access to treatments.

- Substandard and counterfeit medicinal products are present
In various countries.

- The QA systems of medicines manufacturing and supply
chain is weak or even absent.

As a conseguence,

- Patient are not cured as lot of money has been invested in
sourcing and distribution of medicinal products of
unknown quality and efficacy.

1 .a World Health
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Prequalification Program of Priority Essential Medicines
Background

The risks of sourcing poor quality products or even
counterfeit medicines are multiple :

- major threat for patients, treatment failure, toxic reactions,
emergence of resistances.

- in case of resistance there is a need of second line treatments more
expensive.

- bad quality products will undermine public confidence as well as
patient compliance to the treatments.

1 .a World Health
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Prequalification Program of Priority Essential Medicines
Objectives

Objectives of the prequalification program :

- Propose a list of prequalified manufacturers and products
meeting international norms and standards of which the quality,
efficacy and safety has been assessed, inspected and controlled

- Ensure that international norms and standards are applied at
all the steps of the Prequalification Programme.

World Health

Conference on Artemisinin production and market needs
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Con

Prequalification Program of Priority Essential Medicines
Objectives

Objectives of the prequalification program :

ference on

. Slide 7

Artemisinin

- Make sure re-qualification and update of the list are performed
and that variations and changes are correctly controlled.

- Develop the local possibilities of production and clinical
studies by offering customized technical assistance.

- Help the national drug regulatory authorities to build up

capacity in assessment, inspection and control meeting
International norms and standards.

) ), World Health
37 Organization






Prequalification Program of Priority Essential Medicines
Agenda

Agenda :

- The Prequalification Procedure

- Prequalification of antimalarial products
- Quality requirement of APIs

- GMP requirements for APIs

- Technical assistance

_ 7R ), World Health
Conference on Artemisinin production and market needs b
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Prequalification Program of Priority Essential Medicines
Prequalification : Basic Principles

for participating manufacturers

General procedure and standards approved through WHO Expert
Committee system involving all WHO Member States and WHO Governing
bodies

and supported by International Conference of Drug
Regulatory Authorities (ICDRA) in 2002 and 2004,

- all information available on the web site http://mednet3.who.int/prequal/

to both innovators and multisource/generic manufacturers.

for applicants.

World Health

Conference on Artemisinin production and market needs
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Prequalification Program of Priority Essential Medicines
Organisation

Role of the World Health Organisation

- To manage and organise the project on behalf of the United
Nations.

- To provide technical and scientific support

- To guarantee that international norms and standards are applied
all through the process including assessment, inspection
(WHO references guides GMP, GCP,) and quality control

1 .a World Health
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Prequalification Program of Priority Essential Medicines
Organisation

Partners

- UNICEF, UN Population Fund (UNFPA), UNAIDS and with the
support of the World Bank.

- WHO anti-malarial and anti-TB desease oriented programs GMP
Stop TB (Global Drug Facility); HIV/AIDS Department

- Reproductive Health Supply Coalition (RHSC)

Actors

- Qualified assessors and inspectors recruited with regard to their
personnel qualification and experience mainly of national drug
regulatory authorities of ICH and associated countries.

772X\, World Health
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Prequalification Program of Priority Essential Medicines
Organisation

Products concerned by the Programme

All essential priority medicines concerned by the Prequalification
Programme are those for which a need has been identified by WHO

and its relevant partners.

The products are listed on the "Expression of Interest " published by
WHO and updated whenever necessary.

http://mednet3.who.int/prequal/

7 «;\\ World Health
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Prequalification Program of Priority Essential Medicines
Organisation

Items to be submitted by the manufactures volunteer to
participate in the program.

- Technical dossier on the dosage form (quality and efficacy),
- Drug Master File of the active pharmaceutical ingredients if not
submitted in the FP dossier.

- Site Master File of the manufacturer of the finished product
- Site Master File of the manufacturers of the active
pharmaceutical ingredient (S)

- Commercial sample
1 .a World Health
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Prequalification Program of Priority Essential Medicines
Organisation

Assessment of the product dossier I.e. quality specifications,
pharmaceutical development, stability, bioequivalence...

Copenhagen assessment week
- 15 to 20 assessors during one week at least every two months
- Every dossier Is assessed by at least two assessors including one
senior assessor for the second assessment.
- An assessment report is issued
- Letter summarizing the findings and asking for clarification and
additional data if necessary; signed by two assessors sent first by e-
mail to the applicant followed by surface mail

1 .a World Health
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Prequalification Program of Priority Essential Medicines
Organisation

Inspections of manufacturers of Finished Product Active

Pharmaceutical Ingredient and also (Contract) Research
Laboratory (CRO)

Team of inspectors
- WHO representative (qualified GMP inspector)
- Inspector from well-established inspectorate
- National inspectors invited to be part of the team but have no
decision making power (different GMP standards, potential
conflict of interest)

- Inspector of developing countries as observer for capacity
building purpose.

£ 2N
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Prequalification Program of Priority Essential Medicines
Qutcome

In Mid 2007
Total of Prequalified products/manufacturers since 2001 :

About 140 HIV/AIDS and associated diseases
products/manufacturers

12 Anti-Tuberculosis product/manufacturer

5 Anti-malarial product/manufacturer

World Health

Conference on Artemisinin production and market needs
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Prequalification Program of Priority Essential Medicines
Anti malarial products Expression of Interest

Current Expression of Interest (EOI) for anti-malarial drugs

- fixed dose combinations or co- blistered formulation

Artesunate + amodiaguine Oral preparations
Artemether/lumefantrine Oral preparations
Artesunate + mefloquine Oral preparations

Artesunate + sulphadoxine/pyrimethamine  Oral preparations

Artemether Injectable forms; Rectal preparations
Artemotil (arte-ether) Injectable forms
Artesunate Injectable forms; Rectal preparations

Oral preparations include paediatric preparations

Conference on Artemisinin production and market needs
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Prequalification Program of Priority Essential Medicines
Prequalified antimalarial products

Prequalified since 2003
- 2 X Artesunate 50 mg tablets
- Artemether/lumefantrine 20/120 mg tablets

- Artemotil 50 mg/l and 150 mg /I

in production and market needs
June 2007
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Prequalification Program of Priority Essential Medicines
Antimalarial products in the pipeline

In the pipeline Mid 2007

Artemisinine + Amodiaquine Tablets in co-blister (CoB)
Artesunate/amodiaquine Fixed Dose Combination (FDC)tablets
Artesunate + Sulfamethoxypyrazine/Pyrimethamine Tablets in CoB
Artemether/Lumefantrine  Generic FDC tablet

Artresunate + Mefloquine Tablets in CoB

Artesunate Injectable
Artemether Injectable

1 .a World Health

Conference on Artemisinin production and market needs &

" Slide 16 v W8 Organization

————






Prequalification Program of Priority Essential Medicines
Critical steps

What are the critical steps in the Prequalification Procedure ?

Quality

*Active Pharmaceutical Ingredient (API) and excipients quality
dossier

*APIl manufacturing site GMP compliance

Finished Product quality dossier

Finished Product manufacturing site GMP compliance

Safety - Efficacy

Bioequivalence or clinical studies quality dossier

Good Clinical Practice (GCP) and Good Laboratory Practice (GLP)
compliance of the study.

1 .a World Health
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Categories of Antimalarials APl submitted :
— APIs described in monographs of major international pharmacopoeias

« Amodiaquine, Chloroquine, Dapsone, Quinine, Mefloquine,
Sulfadoxine/Pyrimethamine, Trimethoprim

* Arthemether, Artemisinin, Artemotil, Artenimol, Artesunate

— APIs not described in monographs of major international
pharmacopoeias

* Lumefantrine, Piperaquine

World Health
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Three options for presentation of API-data

As integral part of the dossier according to Section 2 of:

 Guideline on Submission of Documentation for Prequalification
of Multi-Source (Generic) Finished Pharmaceutical Products
(FPPs) Used in the Treatment of HIV / AIDS, Malaria and
Tuberculosis

— As independent part according to an APl Master File Procedure

« Guideline on Active Pharmaceutical Ingredient Master File
(APIMF) Procedure

— As a Certificate of Suitability of the European Pharmacopoeia.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Essentials of an APIMF (Specific PQ procedure for API in project)

— Scientifically equivalent to Section 2 of:

e Guideline on Submission of Documentation for Prequalification of Multi-
Source (Generic) Finished Pharmaceutical Products (FPPs) Used in the
Treatment of HIV / AIDS, Malaria and Tuberculosis

— Presented in two different parts
* OP (open part) and RP (restricted part)
— Advantages of an APIMF
 Independent (stand alone) evaluation procedure of the API

 Finished product manufactuere can make reference to prequalified
APIs

« Time saving
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

General information

Nomenclature should be given. The International Nonproprietary Name (INN)
should be provided if available or otherwise the pharmacopoeial name,
other nonproprietary name or CAS No.

Properties of the starting material such as chemical structure and formula,
Isomeric nature and other relevant properties should be described as
potential polymorphic forms, particle size distribution, additional
characteristics as e.g. hygroscopicity)
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Manufacture

The name and address of each site of manufacture should be detailed.

Description of the manufacturing process of the active pharmaceutical starting
material ingredient, API) should include:

- brief outline (flow chart, including the structural formula of the
starting material and key raw material and intermediates);

- detailed description of each stage of the manufacture, including
Information on solvents,

- reagents, catalysts and conditions of reactions where these are
critical.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Control of materials

Specifications for the key raw material, solvents and reagents should be given.
The information on the key raw material should include:

- justification to propose it as key raw material of synthesis (should be a
significant structural fragment of the API);

- 1ts full characterization:;

- Its complete specifications, including an impurity profile + description of
analytical procedures + possibility of carry-over of its impurities

- full details of manufacture of the key raw material if the synthesis of the
API is short (one or 2 steps). Alternatively, covered by a CEP if available;

- Information on TSE aspects.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Controls of critical steps and intermediates
Tests and acceptance criteria for identified critical steps should be provided.
Information on quality control of isolated intermediates Is to be presented.

Characterization
- Development chemistry.

- A minimum evidence of structure should be given such as comparison of the
IR

- Identification with that of the reference substance used.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Impurities

Possible impurities originating from the route of synthesis or from degradation
should be listed and discussed with an indication of their origin (raw
materials, reagent, solvent, catalyst, intermediate, degradation product).
Limits proposed should be in agreement with pharmacopoeial standards. In

case of absence of such standards, justification is to be provided on their
acceptability.

The prescriptions of the ICH guideline for Residual Solvents shall be applied
(ICH Q3C).
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Impurities in antimalarial products

Impurities contained in the ,,starting material® Artemisinin
— Biosynthetic by-products
* Arteannuin B , Artemisitene, Artemisinic acid,

— Cultivation reagents
 Pesticide residues, fumigants, mycotoxins

— Solvents from the extraction process

« Hexane, benzene, acetonitril, ether, pentane, chloroforme.....(?)
more ?[ICH Q3A (R)]
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Specifications

The specifications should be provided in accordance with the current specific
and general monographs in an internationally recognized pharmacopoeia
such as, but not limited to, The International Pharmacopoeia.

Analytical procedures (if not pharmacopoeial) and their validation should be
described.

In any case the suitability of the monograph used to control the quality of the
substance should be discussed. Where the monograph has been shown to
be unsuitable to control the quality of the substance, additional validated
analytical methods are to be proposed and additional impurities controled.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Stability

Stability data should be assessed on the basis of the WHO guidelines on
Stability testing of active pharmaceutical ingredients and pharmaceutical
products (WHO working document QAS 179/Rev.1) to define a re-test
Period.

Batch analysis
Batch analysis according to the specifications for at least two batches will be
requested.

Sterility, bacterial endotoxins, pyrogens
The method used for the sterilization, removal of endotoxins or pyrogens is to
be described.
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2.6 Container closure system

Packaging

Description of the container closure system
(for storage and shipment of the API)

— Primary packaging material

« ldentity of materials of construction of each primary packaging
component

» Reference to specification for each packaging component

— Secondary packaging material

Discussion of the suitability of the container closure system
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Artemisinin

— Storage conditions Phint:

 Should be kept in a well closed container, protected from light
and kept in a cool place

— Discussion of the suitability of the container closure system with
respect to:

 Protection from light
— f.ex. types/colour of inner and outer bags/drums
 Protection from oxygen and moisture (well-closed)
— f.ex. type of inner/outer container (permeability)
— f.ex. use of seals, joints, gaskets
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Changes and variations to be submitted

The gquality of APIs is dependent on
— Manufacturing site
* Equipment, personal, technology...
— Route of synthesis, operational conditions, IPCs...
 Impurity profile, stability (APl & FPP)

The quality of an API may consequently impact the quality of a FPP
— Change in manufacturing site
 Alternate API-manufacturers
— Change in route of synthesis
 Alternate API-manufacturers
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier
Deficiencies found in the dossiers
Pharmacopoeial specifications are not met without justification
Stereospecificity not adequately addressed

Pharmacopoeial methods are not being followed to generate respective data
on properties

Data on properties are simply not provided at all (without justification)

IR-spectra are not compared to a primary reference spectrum
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Deficiencies found in the dossiers

Description of synthesis only covers part of the synthesis route
— Evaluation regarding impurities and degradants

Details on stereospecificity of reaction steps are not addressed

Flow chart of the synthetic route is too obscure

— quantity of materials, IPCs, operational conditions, intermediates,
purification steps

Narrative of the synthetic process is not provided
— Final batch size not provided
Environmental impact statement missing
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) dossier

Deficiencies found in the dossiers

Different versions of specifications at different places (DMF, batch analyses,
specification, FPP)

Essential parameters missing in specifications

Test methods missing

Impurities insufficiently specified

Limits to be tightened (impurities) according to real values
Residual solvents not specified (w/o justification)
Microbial purity not part of specification

Less than 3 batch certificates submitted
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s9

GMP

Once appropriate quality Is achieved after comprehensive
assessment and acceptance of the dossier,

Good Manufacturing Practice (GMP)

Will ensure continuous conformity to the dossier and the
consistent manufacturing of API of appropriate quality.

The GMP reference guide will be ICH Q7A GMP Guideline as long as the
WHO guideline was not updated. This document should be followed as
exhaustively as possible
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) GMP

Basic requests for GMP compliance

While dossier submission is a mostly a single stage process, GMP is a
continuous never ending process which request meticulousness.

This process must be supported by regular training of all personnel on GMP, on
procedures including : Manufacture, Qualification, Validation, QC activities,
Utilities, Water systems, HVAC, etc)

Strong commitment of Top Management for applying GMP in all

Steps of the production is absolutely necessary along with a Strong Quality
System
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) GMP

Basic requests on Quality Department

The Quality Department must :

- have sufficient and competent people to perform all what is requested by GMP
- be enough strong and independent to take all appropriate decisions

- must be involved In all areas/systems that may affect directly or indirectly the

quality of the finished product
- must systematically examine/review and approve all decisions that may affect

the quality of any product

- must be informed of and investigate any deviation, anomaly, out of
specification, technical problem discovered by anyone that may affect directly
or indirectly the quality of the product.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) GMP

Basic requests on Documentation

Basic requirements on documentation are:
— All type of documents must be previously defined (SOP’s, Batch records,
logbooks, forms etc)
— All documents must be written in a standard format that is approved by
Quality Department
— Documents should be as simple as possible. Drawing, flow-charts,
schemas, pictures should be used to clarify.

— Documents should be detailed enough to be followed consistently and
avoid the operators to introduce variations which may affect the quality of
the product (For example cleaning operations)
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) GMP

Basic requests on Documentation

Everything activity performed as manufacturing steps, maintenance operations,
checks, IPC, calibration, testing, repair, etc) that may affect directly or
Indirectly the quality of the APl must be:

— Described in a document (Procedure, Batch record, Form, etc)
— Approved by Quality Department

— Completed exactly as it is requested by the relevant SOP

— Reported at the time when it is done in approved documents

— Reporting must be reviewed by appropriate people of the area and when
relevant by Quality Department
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s) GMP

remises and equipment

n all manufacturing and control areas, orderliness and cleanliness everywhere
must be applied continuously and everything wrong happening , spillage, any
Incident, deviation, break has to be identified and rectified immediately.

All areas, equipment, zones, materials should be clearly identified

_ross contamination should be prevented everywhere on the site. No package/
container/ reagent /drum should remain open.

All multi purpose equipments and equipments parts should be cleaned with
validated cleaning procedure.

Products after purification should be handled in a controlled area with regard to
the environment and personnel.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s)
Technical Assistance

Technical assistance

The Prequalification Programme in itself is indirectly a capacity
building process due to :

- Dossiers Assessments reports and

- Sites Inspection reports.

As these extensive reports will highlighting the observed
deviations and shortcomings it can be used by the manufacturers
as a guidance and a training for improvement.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s)
Technical Assistance

However, as the build in capacity building element of the

Prequalification Programme may not be sufficient, WHO decided recently
to organise a more customized training where lack of technical knowledge
and regulatory experience was identified.

Technical assistance can be requested and provided in order to get products

of assured quality available for prequalification.
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Prequalification Program of Priority Essential Medicines
Active Pharmaceutical Ingredient(s)

CONCLUSION

The purpose of the prequalification programme is to select good quality and
efficacy antimalarial drugs in the interest of public health in
developing countries.

The products should to be submitted with technical data proving the quality
API and finished products and efficacy of finished product.

Manufacturing sites of API s and finished products should be working
according to principle GMP principle in order to deliver consistent
quality products.

Technical assistance will be made available to achieve the goal and speed

up the prequalification process.
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