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Abstract 

This report presents the results of an extensive evaluation of Solvay's cell culture 
influenza vaccine innovation. Based on an empirical research and on a literature review it 
defines the main drivers and potential bottlenecks of this project. Finally, redesign actions to 
improve the further implementation of this technology are discussed. 
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Executive Summary 

1 Introduction 

This report presents the results of my graduation project, which I perfo rmed in 
cooperation with Solvay Pharmaceuticals and the Eindhoven University of Technology. 

2 Context 

Solvay is an international chemical oriented group. Operating in chemicals, plastics and 
pharmaceuticals, the company's strategy focuses on chemical specialties and pharmaceutical 
products. In the pharmaceutical industry, Solvay belongs to the world's 40 largest 
pharmaceutical companies and has activities in six main therapeutic fields all over the world. 

The business group influenza manages all influenza vaccines activities. Influvac®, 
Solvay's influenza vaccine, ranks number five in Solvay Pharmaceuticals product portfolio. 
Market developments, such as the upcoming threat of an avian influenza pandemic, have 
increased the market potential for influenza vaccines and changed the market from a generic 
and flat market to a segmented market with increased competition. This trend seems to 
persevere in the future. 

3 Project Definition 

Solvay has developed a new cell culture production technology for the production of 
influenza vaccines. This technology has major advantages over the traditional egg-based 
technology. However, this high-potential innovation did not yet lead to a commercial success. 
Solvay wanted to get an insight in the drivers behind the success and delay of the innovation. 
The assignment consists of a benchmark development, an evaluation of the innovation project 
so far, and of the definition of improvement potential for the further development of the 
technology. 

4 Innovation Description 

The project started in 1989, with an extensive strategic analysis of the internal and 
external business environment. The cell culture technology was seen as a threat to Solvay's 
current vaccine production, therefore a feasibility study was started to investigate the 
possibilities of a cell culture technology. 

By 1992, Solvay had discovered a cell line that was appropriate for the production of 
influenza vaccines. This was the MDCK cell line, which however had never been registered for 
the production of human vaccines. Nevertheless, Solvay started with the technical development 
on lab scale of an influenza vaccine based on the MDCK cell line. Two issues played an 
important role at that time: the safety of the cell line and the estimated cost price of the vaccine. 
From a commercial perspective the marketing department emphasised that the project only 
would make sense if the cost price of the cell culture vaccine was similar to the egg-based 
vaccine. 
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In 1994 the technical development of the vaccine was finalised. For the influenza 
business this was the time to get an official project approval that was necessary for the further 
development and the clinical studies. In cooperation with an external contractor Solvay started 
the up-scaling op the production process and produced the batches for the clinical studies. The 
clinical studies were carried out successfully in 1995 and 1996. 

In January 1998, Solvay submitted its registration dossier to the authorities in the 
Netherlands. During the registration process, the development and up-scaling of the process 
slowed down. The cooperation with the external contractor failed, and internally the business 
group had to focus on other short term developments. 

The review process took more than 3 years and in June 2001 Solvay, as first company in 
the world, received market authorisation for its cell culture vaccine. A great business 
opportunity arose. In 2002 Solvay Pharmaceuticals board approved an investment proposal to 
build a new cell culture production plant. Based on the development efforts so far, this process 
was assessed to succeed at a chance of 95% or higher. 

Between 2003 and 2005 Solvay built a new production facility . Thereafter, engineers and 
researchers started with the optimisation and validation of the production process. In 2006 a 
first attempt was done to produce clinical batches for FDA approval. However, these batches 
did not comply with the required quality norms. For Solvay it became clear that a more 
thorough approach was required. In 2007 a taskforce has been established to optimise and 
validate the production process and a first optimisation plan has been framed . 

5 Benchmark Development 

The foundation of competitive advantage in the pharmaceutical industry lies in 
successful innovation, which is a complicated and risky task. In many industries, including the 
pharmaceutical industry, the innovation process has moved towards an open process. Overall, 
pharmaceutical R&D project are long lasting, highly regulated projects. Once a new entity has 
been discovered it undergoes a large number of studies to prove its safety and efficacy. Finally, 
the new medicine has to be approved for marketing by the regulatory authorities. Generally, it 
takes 10 to 15 years to entirely develop a new medicine. 

Next, a list of 20 success factors is derived from prior research. These factors can be 
placed in four main categories, and are discussed on the indicated page. 

• Strategic factors 
o Product concept (page 28) 
o Strategy (page 29) 
o Technical synergy (page 29) 
o Marketing synergy (page 30) 
o Company resources (page 30) 

• Market environment factors 
o Market potential (page 30) 
o Market competitiveness (page 30) 
o Environment (page 30) 
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• Development process factors 
o Protocol (page 31) 
o Proficiency of predevelopment activities (page 31) 
o Proficiency of technical activities (page 31) 
o Proficiency of market activities (page 31) 
o Senior management support (page 32) 

• Organisational factors 
o Team composition (page 32) 
o Organisation of work (page 33) 
o Communication (page 33) 
o Project leader (page 34) 
o External orientation (page 34) 
o Systems of control and evaluation (page 35) 
o Company characteristics (page 35) 

6 Evaluation 

Based on the comparison of the success factors derived form literature and the 
description of the actual project, the major drivers and possible inhibitors are defined. 

Five key elements made it possible for such an innovation to happen within Solvay. 
Based on an extensive evaluation of the internal and external business environment, a clear and 
widely supported protocol was defined at the start of the innovation project. This made it 
possible for the project team to consistently and efficiently work towards a clearly defined goal. 
The attractiveness of the product concept created external support for the project, especially 
because of the upcoming threat of an avian influenza pandemic. The large market potential and 
the expected growth in the market created a high potential business opportunity and justified 
an investment towards the chemical oriented Solvay board. The existence of product champions 
who have contributed decisively to the innovation played a key role in the innovation. Without 
their enthusiasm, leadership, and ambition the project would not have been initiated or might 
not have been completed. Finally, budget flexibility and slack has made it possible to start some 
interesting tests without having a clear justification from a financial point of view. 

Furthermore, the evaluation points out three major bottlenecks. First, the lack of 
technical synergy played an important role, because it implied a lack of development faciliti es 
and skilled employees. This especially played a role in the second part of the innovation project, 
because the project organisation then had to increase seriously in size and it has proven 
problematic for Solvay to attract skilled and experienced people. Regarding the development 
facilities, in the second part of the innovation project, the production process had to be scaled 
up until industrial scale, this requires large scale test facilities that are not available within 
Solvay. A second potential bottleneck is the low external orientation; Solvay has increasingly 
chosen to develop all activities internally. The third bottleneck is the inadequate internal 
systems of evaluation and control. Most decision makers are inexperienced with bio-technical 
projects. This makes it difficult to understand the complexity of the occurring problems and it 
complicates the right decision making. 

For a complete list and a discussion of different factors see figure 6.1 (page 37). 
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7 Analysis & Diagnosis 

The main problem Solvay faces with this innovation project is the increasing delay and 
the uncontrollability of the lead time. The investments in a new production facility have been 
made, however it does not provide the expected returns. Solvay still struggles with the further 
development and optimisation of the production process. From a financial point of view it 
important to minimize the further lead time. 

The increasing delay and the uncontrollability of the lead time seem to have two main 
causes. First, Solvay does not have a clear overview of the required development steps and 
what these development steps imply with regard to prior results, resources and through put 
time. The initial launch date was not realistic, and more time is needed to truly develop the 
production process. Second, Solvay's current approach is mainly oriented at symptomatic 
interventions rather than to tackle the underlying problems. An inexperienced team that is 
working under great external pressure in combination with a lack of powerful leadership, with 
regard to bio-technical issues, appear to be the reasons for this situation. 

8 Solutions 

To accelerate the development and implementation process en to minimize the further 
delay to implement the cell culture technology, a redesign consisting of four coherent measures 
is presented. First redesign aspect is to define a technical project leader to stimulate the 
communication and support the coordination among team members and to create more bio
technical awareness on management level. Second, the current planning schedule should be 
extended with a detailed planning of the required development steps, so that is become clear 
which development steps are required, how much time they require, and where the risks are in 
the project. Third, Solvay should focus on the optimisation of the production process in Weesp, 
since this forms the basis for further cell culture projects, and should relocated as much 
researchers as possible to the project in Weesp. Fourth, once the development steps are defined, 
it should be investigate which activities could be outsourced. 

Finally, two general recommendations are made, requiring action on the longer term. 
First, the selection procedure for managers should be analysed to find a way to better match the 
qualities of the candidates to the requirements of a vacant position. Furthermore, this project 
has show that it is difficult for Solvay to attract skilled and experienced employees, therefore 
the competitiveness of the recruiting strategy should be investigated and improved. 

9 Conclusions 

The advice creates a situation on short term in which Solvay is able to accelerate the 
development and implementation process of the cell culture technology. With the presented 
measures Solvay should be able to tackle the problems with the optimistic planning and the 
inadequate problem solving approach. A highly skilled and experienced technical project leader 
should be able to create a better understanding of the problem and communicate this within the 
organisation and coordinate the different development activities. This will lead to a better 
problem solving approach. Furthermore, definition of the required development activities will 
lead to more transparency in the innovation project. This will partly reduce the pressure on the 
team, since external expectation will be more realistic. 
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1 Introduction 

This report is the result of my graduation project for my study Industrial Engineering 
and Management Science at the Eindhoven University of Technology. I executed this project in 
cooperation with Solvay Pharmaceuticals and under the supervision of the Organisation 
Science and Marketing sub-department of the faculty technology management. 

Influenza 

Influenza vaccines are the subject this project. Influenza has a considerable medical and 
economical impact on society. Over the last decade, the public and medical awareness about 
the impact of influenza increased tremendously mainly due to the up-coming treat of an avian 
influenza pandemic. Many international public health authorities actively stimulate vaccination 
programs. Appendix A gives an overview of the influenza disease and its preventions. The 
subject of my graduation project is Solvay's cell culture innovation project. Cell culture is a new 
breakthrough production technology for the production of influenza vaccines. 

Acknowledgements 

I want to thank all people who helped and supported me to achieve the results 
presented in this report. My recognition goes to everyone within Solvay who provided input for 
this project. I am especially grateful to Bram Palache, my company supervisor, who has really 
proven to be a champion to this project. Despite his very busy agenda, he has always had time 
to receive me, took the time to listen very carefully, and supported me in finding my way 
within Solvay. A second person who deserves special attention is Wim Vanhaverbeke, who 
together with Bram Palache initiated this project. I got interested by his work when I attended 
his course strategy and technology management, which in my opinion is the best course I have 
had during my studies at the TU/e. Third, I want to thank Geert van den Bossche, who has been 
a great discussion partner for the second part of my graduation project. Next, I want to state my 
appreciation to my supervisors as part of the TU/e, Isabelle Reymen and Jimme Keizer, who 
have kept me on track with their critical remarks. Finally, I want to thank my friends and family 
who supported me and participated in my broader development as a person during my study 
and during this project: a.s.v. SSRE, het Leuke dispuut Dr6le, my roommates, my brothers and 
my parents and Sophie. 

Report Structure 

This report contains nine chapters. This introduction is chapter 1. Chapter 2 describes 
the organisational context of the project. Chapter 3 defines the project giving a problem 
statement, an assignment, and the used methodology. In chapter 4 the cell culture innovation is 
extensively described. Chapter 5 provides an overview of existing management literature on the 
topic of innovation management and defines a list of success factors. Chapter 6 evaluates the 
innovation process based on industry norms and the defined list of success factors. Chapter 7 
the main problem is further analysed and the causes and effect are validated. Next, in chapter 8 
solutions are presented to address the defined business problem. Finally, some concluding 
remarks are made in chapter 9. 
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2 Context 

2.1 Solvay: Company Profile 

Based in Brussels, Solvay is an international chemical oriented group. Operating in 
chemicals, plastics, and pharmaceuticals the company has generated €9.4 billion consolidated 
sales in 2006, 28% of which came from the pharmaceutical sector. Figure 2.1 shows Solvay's 
sales over a 10 year period. With almost 30 000 employees, the group serves 160 000 clients. 
Solvay's 400 facilities worldwide are located in over 50 countries distributed over all continents. 
95% of sales come from outside Belgium and 49% from outside the European Union. With 
stable or rising dividends for 24 years, Solvay has proven to be a successful company. 

Consolidated Sales (8€) 
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Figure 2.1 Consolidated Sales Solvay 
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Solvay's strategy focuses on strengthening leadership in all its activities and to realise 
growth in the pharmaceutical and chemical specialties. Defining its operations the company 
focuses on competitiveness, leadership and high added-value-activities, aimed at sustained and 
profitable growth. With this strategic development the group has committed itself to 
innovation, which is defined as the key to growth and to constantly improving competitiveness. 
Products, where Solvay is ranking among the world leaders, contribute for 85% to the total sales 
revenues. Furthermore, almost 60% of the earnings now come from specialties and 
pharmaceutical activities. Solvay is not large enough to compete on the large bulk products in 
the chemical sector and therefore focuses on smaller and specialised niche markets. 

To emphasis the priority on innovation, Solvay's executive committee announced three 
major challenges: 20% of the revenues should be from products, markets and applications 
created over the past five years, 50% of innovative projects should be undertaken in interaction 
with players from outside the group, and every group entity should be involved in at least one 
official innovative project. Furthermore, Solvay has opened its research facilities to innovative 
start-ups to use, it participates in the development of some revolutionary technologies, a "new 
business development" organisation to manage innovation projects outside the existing 
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business units has been set up, and finally the company has set up an internal innovation 
trophy to reward the companies best innovation projects. 

2.1.1 History & Product Evolution 

Solvay has its roots in the chemical production. Its founder, Ernest Solvay, exhibited a 
passion for physics, chemistry, and natural history. The story of the Solvay Group began in 
1961, when Ernest Solvay patented the industrial production of sodium carbonate, also known 
as soda ash. Four years later the first soda ash factory opened in Belgium. Within less than 20 
years, Solvay had soda ash plants all over Europe and the company became the world's leading 
producer of sodium carbonate. Derivatives were quick to follow and the production methods 
adapted to the larger scale. Solvay became the first company to make industrial use of 
electrolysis, a process that in this case also yielded chlorine and hydrogen. Originally used as a 
fuel, hydrogen later served in the production of hydrogen peroxide. Today, the Alkalis and the 
Peroxygens activities are merged under the Chemicals Sector. 

Production of polyvinyl chloride (PVC) opened up another sector: Plastics. PVC is 
made from chlorine and ethylene, using a process developed in the group's laboratories. It is 
one of the key outlets for Solvay's chlorine production. Solvay diversified its range of plastics. 
In 2001, the company initiated a major strategic move which resulted in the sale of its 
polypropylene and high-density polyethylene activities; and in the acquisition of the Specialty 
Polymers activities of BP and of Ausimont. High value Specialty Polymers are nowadays 
managed into the Plastics sector and are among the largest contributors to the Group's financial 
results. 

In the 1960s, Solvay continued its move downstream of PVC production with the 
launch of a processing activity. With the move into plastics processing, the group acquired 
control of the entire production process, from the raw material to the finished product, 
consolidating know-how at every stage. The integration process which began with PVC moved 
on; other products as high-density polyethylene, polypropylene and technical polymers were 
produced. The group began offering its industrial customers a wide range of products, 
including foils, automobile parts and pipes. Although plastics and plastics processing are 
closely linked with each other, plastics processing is managed separately in the Processing 
sector. 

Given Solvay's interest and experience in organic chemistry, in the 1950s, the Group 
started also the development of life sciences. Another reason to enter life sciences was to 
develop activities that could temper the impact of the cyclical nature of the chemical sector. 
Solvay gained a firm foothold in the new sector by acquiring pharmaceutical companies in 
Germany, France, The Netherlands and the United States. These activities were placed in a 
separate Health sector in 1980. Today, Solvay intends to be among the leading global 
pharmaceuticals companies in providing health management within defined therapeutic areas. 
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2.1.2 Solvay Pharmaceuticals 

Originally, Solvay developed the pharmaceutical sector in order to subdue the anti
cyclic movement of the chemicals sector. Operating on a global level, Solvay pharmaceuticals 
has become one of the world's 40 largest pharmaceutical companies (MedAdNews, 2005), and 
concentrates on human medicines in the therapeutic fields of cardiometabolics, neuroscience, 
flu vaccines, pancreatic enzymes, gastroenterology, and women's and men's health. Figure 2.2 
shows Solvay Pharmaceuticals' sales by region and by therapeutic area. 
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Figure 2.2 Solvay Pharmaceuticals Sales breakdown 2006: € 2.6 Billion 
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Solvay Pharmaceuticals is dedicated to optimal patient health management and has 
committed itself to contribute to an increasing portion of corporate growth, revenues and profit. 
The company wants to achieve this by increasing its global market presence and by marketing a 
product portfolio of unique and complete treatments. Solvay develops its portfolio of products 
through discovery, development, licensing and acquisition of pharmaceuticals. 

Solvay Pharmaceuticals corporate offices are based in Belgium, The Netherlands, 
Germany, Switzerland, the United States, and Japan. Regional offices are located in 13 
countries, manufacturing sites in 9 countries, sales organisations in 38 countries, and Solvay 
operates via sales agents in multiple other countries. In The Netherlands, Solvay 
Pharmaceuticals has about 1500 employees. The main activities located here, are the 
manufacturing of various medicines (e.g. influenza vaccines) and research & development 
activities (e.g. the European centre for the development of new medicines). 
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2.2 Business Group Influenza 

The genesis of Solvay's influenza business in the Netherlands builds up on coincidence. 
After the Second World War, the United States was contributing to the European economical 
rebuilding with the Marshall Plan. As part of this initiative, in 1948, the US government put the 
American influenza vaccine technology at the disposition of European companies. One 
company that picked up this gesture was Philips, a widly focused company at that time. Philips 
was interested in the production of influenza vaccine since the company had a pharmaceutical 
division and it produced the lamps that were necessary for the production. Soon after the start 
of the production in The Netherlands, the company discovered that there were also other 
influenza viruses, and the product portfolio was expanded with veterinary influenza vaccines 
and, later on, also other veterinary vaccines were developed and produced. In 1980, Philips sold 
to Solvay all its pharmaceutical activities, which included chemical pharmaceuticals and a 
biological animal health division. The last one also produced the human influenza vaccines. 

In 1997, Solvay divested the animal health division. It was the only biological activity of 
Solvay and was not considered to be a core business. However, Solvay kept the intellectual 
property rights of the human influenza vaccine and signed a manufacturing agreement and 
continued marketing the human vaccine. In April 2001, due to the rising market potential and 
to secure the supply, Solvay bought back the production facility for human influenza vaccines. 
With this investment the Business Group Influenza (BGI) got mainly its size as it has today. 

The BGI manages all influenza activities: virus growth, vaccine formulation, filling, 
packaging, R&D, project management, marketing, and quality assurance. Today this involves 
approximately 440 people on facilities in Weesp and Olst, both located in the Netherlands. The 
BGI operates almost autonomously from the rest of the pharmaceutical division. For the 
organisational structure of the PGI see appendix B. 

Influvac®, Solvay's current influenza vaccine, is already on the market for more than 50 
years. It is a sub-unit vaccine produced by the conventional egg-based technology (see 
appendix C for a description of the production process). Influvac® has been developed towards 
an up-to-date vaccine with an adequate safety and tolerance profile within the conventional 
segment. Solvay has built up an image of delivering a quality vaccine and service, having a 
history of reliable and timely supply and by delivering high quality pre-filled syringes. 

Solvay's influenza vaccine sales have seriously increased over the past years. A 
successful geographical expansion and an increased awareness of influenza in the world have 
contributed to the growth. Figure 2.3 shows the world wide sales of Influvac®. With sales 
amounting to €118 million, Influvac® now ranks number 5 in Solvay pharmaceuticals' product 
portfolio. Solvay is present predominantly on the European market and has built up a strong 
position on this market. In the future, the BGI has the objective to further strengthen its position 
on the influenza vaccine market by continuing its geographical expansion and belong to the top 
three influenza vaccine producers in Europe. See table 1.1 for the current production capacities 
of the major competitors. 
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Figure 2.3 Influenza Vaccine Sales Solvay 
(Source: Solvay Annual Reports: 2000, 2001, 2002, 2003, 2004. 2005, 2006) 

The production capacity forms the bottleneck for further expansion. Since 1998, Solvay 
produces at full capacity. Several investments have already been done to increase the 
production capacity until 22 million doses. In the future, the existing egg-based production 
could only be expanded to a maximum of 30 million doses, due to physical constraints of the 
existing factory. This further expansion would involve a high risk level, because of the limited 
time span to complete the operation. With the existing sales and market trends, in 2010 the sales 
are expected to reach 40 million doses. Further expansion of the production capacity is thus 
recommended, especially when the opportunity costs of 2 euro per doses which is the estimated 
gross margin are considered. 

Solvay has gone through two major innovations in recent years. First, it developed a cell 
culture technology, a state-of-the-art production technology for influenza vaccines. This project 
is extensively described in chapter 3. Second, Solvay licensed in a new adjuvanted virosomal 
Influenza vaccine Invivac® from Berna Biotech in 1998. It is a vaccine designed to boost the 
antibody titres and increase protection especially in elderly persons. At that time the vaccine 
was only developed on a lab scale process, though registered in Italy and Switzerland, further 
development efforts had to be done to up-scale the process, perform clinical trials and complete 
the registration dossier. In June 2004 Solvay received approval to market Invivac® in Europe. 
For reasons of limited production capacity, Invivac® was not produced and marketed until 
2006. 

2.2.1 Influenza Vaccine Business Characteristics 

Influenza vaccines have a different business model than other pharmaceutical products. 
It is a biological instead of a chemical product, as most pharmaceuticals are and require a 
different approach for manufacturing and sales. For Chemicals, production costs are 
approximately 10% of the cost price. The greatest challenge in such case is actually to develop 
the process. Next the outcome is predictable and the process can be highly automated . 
Biological production facilities require more interaction with its operators. Large proteins and 
living cells are involved making the outcome of the process variable and scale dependent. This 
implies that highly educated operators are required to control and steer the production process. 
For the influenza vaccines production costs contribute up to 30% of the cost price. Regarding 
sales, most drugs are sold via large wholesalers to pharmacies, who finally administer them to 
the patients, around 50% of the cost price is spend on marketing costs. Influenza vaccines 
though, are a preventive cure and can only be administered by a doctor. In many countries it is 
the government that sets out a prevention strategy, mainly for high-risk patients, and centrally 
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purchases and distributes the vaccines to the doctors. Only on much smaller scale influenza 
vaccines are for example also sold to company doctors, to decrease sickness absence within 
their company. Marketing cost for vaccines are much lower and only holds 10% of the cost 
price. 

Time is a critical factor in the influenza business. Every year the influenza vaccine 
undergoes a life cycle, for the northern as well as the southern hemisphere. The influenza virus 
mutates quickly, therefore a new vaccine has to be developed and registered each year. Early in 
the season, the World Health Organization (WHO) determines which strains are the most likely 
to rage that year. The three most pathogenic strains are delivered to the pharmaceutical 
companies as seed virus and will have to be blended for that year's vaccine. All influenza 
vaccines are a blend composed of antigens from three different influenza virus strains. Once the 
vaccine producing companies receive the seed viruses, all development activities, pre-launch, 
launch, and production activities have to be carried out under great time pressure since the 
number of doses a company sells strongly depends on its seasonal time to market. Each year the 
new compositions have to be registered, requiring clinical data and process validation data for 
the new strains. 

2.2.2 Market Developments 

Before 1994, the influenza vaccine market was a stable and flat generic market. Four 
companies, including Solvay, with together a market share of approximately 90% dominated 
the global market. All companies used either a subunit or a split vaccine produced based on the 
viral infection of embryonated eggs. The different vaccines were considered equally effective 
and displayed the same tolerance levels. There were no developments in the market, the 
number of doses vaccine sold per year was constant and the vaccination degree stayed low. 
Public, government and scientific awareness and knowledge of the disease were low. 

After 1994, the influenza vaccine market in many countries (USA and Europe) has 
changed considerably. The current transition in market characteristics has led to a trend of 
enormous increase in the use of influenza vaccines. Although the disease had major 
consequences for the public health situation, nobody really seemed to pay attention to 
prevention strategies (see appendix A for more background information on the influenza 
disease, its economic burden, and prevention strategies). Although the majority of 
complications occur in high-risk patients, epidemiological studies indicate that the disease also 
has a considerable impact on children and younger people, implying sickness absence, creating 
an economical burden among the working population that is considerable. Public health 
arguments were the driver for change. 

All kinds of events contributed to the increased awareness of influenza. The 
international public health community became more conscious about the fact that influenza was 
actually a preventable disease, not being prevented. A European focus point for influenza was 
established: the European Scientific Working group on Influenza (ESWI), an initiative co
founded and actively supported by Solvay. Since 1992, ESWI became one of the driving NGO's 
contributing to the increased awareness of the annual burden of influenza and the insufficient 
use of available vaccines. Many national and international public health authorities took up this 
signal. They started to harmonise their efforts and to actively endorse, promote and stimulate 
immunisation policies for high-risk patient populations. With the rising awareness of Influenza, 
the market for Influenza vaccines started to grow. 
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In 1997, the first human infections with the avian influenza H5Nl virus are reported in 
Hong Kong, causing 6 fatal cases. With the rising threat of a pandemic of this highly pathogenic 
virus, influenza got fully on the public agenda and vaccine usage was further stimulated. 
Nowadays, the market still continues to grow due to the continuous global pandemic 
preparedness efforts, increased awareness campaigns, ageing of the population, and extending 
reimbursement policies. Public health authorities, including the WHO, are increasing their 
efforts to control the impact of influenza on a global scale. The market growth of influenza 
vaccines is expected to be growing with 7 - 10% for the coming years. This is illustrated in 
figure 2.4 which shows the annual world wide production of vaccine in million doses. 
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Figure 2.4 
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Influenza Vaccine Production by IVS International Task Force Members 
(Source: World Vaccine Congress, 2007) 

The growing awareness of influenza and the steady increase of vaccination rates, make 
the influenza vaccine market attractive. After a long period of stagnation in terms of new 
products, the market for the control of influenza is now developing quickly and the market has 
started to segment, within ten years it is expected that these developments will seriously affect 
the sales of the current vaccines. First was the introduction in 1997 of an adjuvanted vaccine, 
like Invivac®, designed to boost the antibody titres and increase protection. Another move in 
the market has been the launch in 1999 of neuraminidase-inhibitors, making new treatments for 
influenza-infected patients available. Looking further in the future of the influenza market, the 
environment will probably also includes influenza vaccines based on another production 
technology and more patient friendly administration, like the intranasal form. In table 2.1 most 
important competitors are listed with their marketed vaccines, production capacity and the 
innovations they are investing in. 

Reverse genetics is the technology of the future. This advanced technology allows the 
generation of a "designed master strain virus" from cloned genetic material of existing viruses 
(Neumann et al., 2005). The genetic material is transfected into a cell line, which results in the 
generation of an infectious master strain virus. From the outside, the master strain looks like a 
normal influenza virus. However, it contains haemagglutinin and neuramidase subtypes from 
multiple influenza strains. The subtypes are isolated from the existing virus strains and are 
transfected in the master strain at will. In case of a pandemic, the new subtype has to be isolated 
and transfected in the master virus only. Companies can produce a vaccine much faster with 
the novel technology than with the current technologies. Moreover, the virus is genetically 
attenuated, which means that the virus is non-infectious and that it cannot mutate any longer. 
The result is a safe and highly efficient vaccine, which can be produced rapidly. 
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Competitor Marketed Production Innovations 
Vaccines capacity 

(Doses) 
Sanofi Split 165 million • Cell culture : licensed Crucell's 
Aventis vaccines PER.C6 technology (submission 

Planned 2009/2010) 
expansion: • Expand target population from 6 
145 million month to 6 weeks 

• Increased effectiveness for elderly 
• Micro-injection with BD 
• Licensed reverse genetics 

technology 
• Pandemic vaccine : H5N1 (filing Q2 

2007) 
GSK Split 60 million • Adjuvanted vaccine 

vaccines • Inactivated proteosome intranasal 
Planned vaccine 
expansion: • New delivery method 
90 million • Pandemic vaccine: H9N2 & H2N2 

(submitted Dec 2005) 
Novartis Subunit and 72 million • Cell culture : MOCK cell line (on the 

Split market in 2007) 
vaccines • Pandemic vaccine : H9N2 & H5N3 

(positive opinion Feb 2007) 
CSL Split vaccine 8-12 million • Capacity expansion: 17-32 million 

doses 
Planned • Pandemic vaccine : H5N1 
expansion: 
17-32 million 

Medimmune Live- 7 million • Cell culture: MOCK cell line 
attenuated • Refrigerator stable CAIV-T 
cold adapted Planned (approved for 2007 season) 
intranasal expansion: • Pandemic vaccine 
vaccine 28 million 

Baxter No - • Cell culture: VERO cell line 
marketed flu • Pandemic vaccine 
vaccine 

Cruce II Virosomal 10 million • Cell culture: Per.C6 cell line 
vaccine • Next generation virosomes 

• Pandemic vaccine 
Table 2.1 Overview of Major Competitors in the Influenza Vaccine Market 
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3 Project Definition 

3.1 Problem Statement 

Solvay Pharmaceuticals has developed a new technology to produce influenza vaccines. 
This technology will enable the company to produce influenza vaccines on cells instead of the 
traditional embryonated eggs. Although over the past 50 years the egg-based production 
process has proven itself to be safe for consumer use, effective and technically and economically 
feasible, the cell culture technology has major advantages. 

1. No dependency on critical raw materials. The egg-based technology requires a 
large number of embryonated eggs, approximately one egg per dose vaccine. This 
implies that Solvay's production plant requires 100 thousand embryonated eggs 
each day during the production season. Due to the large numbers, arrangements 
with the suppliers have to be made one year in advance. Without this dependency 
on embryonated eggs the production can react on a much flexible way to 
unexpected demand from the market (e.g. in case of a pandemic, a world wide 
outbreak of deadly influenza infections). This also implies that the production can 
not be affected by animal diseases like the fowl plague, BSE, Foot and mouth 
disease or avian flu, which could cut off the supply off animal derived products. 
Since 1997, this advantage has gained societal importance because of the upcoming 
threat of an avian flu pandemic. 

2. Based on a highly controlled closed biological system. Compared to the egg-based 
technology, the cell culture technology has a greatly diminished risk of 
contamination of extraneous agents. 

3. Limited manual handling. With the cell culture technology high levels of 
automation are possible, reducing the threat of exposure of employees with the 
virus. 

4. Reduced space demand. The cell culture technology uses bioreactors instead of 
spacious incubator-coolers. A reduced space demand implies smaller investments 
and easier capacity expansions. 

5. Environmentally and ethically more acceptable. The egg-based technology 
produces a considerable waste stream of 25-30 tons per week. Discharge is a 
problem because a complete inactivation is required before discharge. Using 
sophisticated systems, the cell waste is easy to discharge and can be disposed to a 
water treatment company. Furthermore, the use of embryonated eggs may cause 
some opposition against this vaccine production method. 

6. Applicable for egg-allergic patients. An egg-cultured vaccine can not be 
administered to egg-allergic patient due to the presence of egg-proteins, a cell
cultured vaccine can. The number of egg-allergic patients is nevertheless very 
small. 
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A promising business opportunity arose when Solvay, as first company in the world, 
received market authorisation for its cell culture vaccine in 2001. A transition in the influenza 
vaccine market had taken place, leading to a trend of increased usage of vaccine and Solvay 
required a capacity expansion to keep up with these market developments. The development of 
a cell culture technology implied that the company would be able to produce influenza vaccines 
on cells instead of the traditional embryonated eggs. Although over the past 50 years the egg
based production process has proven to be safe and effective for bulk vaccine production, the 
cell-culture technology has major advantages. Solvay decided to expand its production capacity 
with a new cell culture production plant. Initially the cell culture influenza vaccine was planned 
to be on the market by 2005 and the up-scaling process was assessed to succeed at a chance of 
95% or higher. 

The high potential innovation did not yet lead to a commercial success. Since the 
company has decided to invest in this technology and has committed itself by building a cell 
culture production facility, the staying out of the expected returns puts the business group 
under great pressure. It is still unknown when the cell culture influenza vaccine will be on the 
market. The costs for this project are exceeding the initial budget and are increasing 
dramatically. While Solvay still struggles with the development of their industrial size 
production process; Novartis, a competitor, announced that they have finished the 
development of their cell culture influenza vaccine for which they received market 
authorisation in Europe and that it will be on the market in 2007 in Germany and Austria 
(Novartis Press Release, 13 June 2007). 

Solvay wants to get an insight in the drivers behind the success and delays of the 
innovation and what is required to make the innovation succeed. The company has only little 
experience with innovations in this field and is particularly interested in the business 
arguments and the organisational design aspects of the innovation. 

3.2 Assignment 

Evaluate from an organisational perspective the cell culture innovation for influenza 
vaccines within Solvay and define improvement potential. 

1. Development of a Benchmark. 
• What are characteristics of a pharmaceutical R&D project? 
• What are important success factors for innovation projects? 

2. Evaluation of the Cell Culture Innovation Project 
• How does the innovation process reflect on industry standards regarding time 

and costs? 
• Reflecting on existing management literature, what made it possible for such an 

innovation to happen within Solvay? 
• Reflecting on existing management literature, what are possible inhibitors that 

could cause some delay? 

3. Define Improvement Potential 
• What is the main problem Solvay faced during this innovation project? 
• What are the causes and how could they be solved? 
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3.3 Methodology 

The subject of this graduation project is the cell culture innovation. This innovation has 
been entirely managed and controlled by the Solvay's BGI, located in Weesp, the Netherlands. 
The project consists of two parts and concentrates on the major organisational aspects of the 
innovation and the decisions made in this context. The first part is an evaluation of the 
innovation as it has been conducted so far, this part has a broad focus and is concluded by a 
problem definition. The second part is intended to be narrower focused, based on the defined 
main problem, improvement potential for the future could be defined. Within the logic of a 
problem solving cycle (Van Aken, 1994) this project starts in the evaluation phase and ends with 
the exploration of directions for Solutions, this is illustrated in figure 3.1. 

Figure 3.1 

Evaluation Problem 
Definition 

Analysis & 
Diagnosis 

~/ 
Plan of Action / 

Regulative Cycle as presented by Van Aken (1994) 

In the first part, three sources of information are used. Company information is the first 
source of information, used to create an extensive historical description of the innovation. 
Interviews with persons involved in the cell culture innovation project leads to information 
about decisions and the way of working through the project. Interviews have been held with an 
initiator of the innovation, the marketing manager, the R&D team and production manager. 
Furthermore, documents like for example meeting records or budget requests are used for facts 
concerning the project. 

Second, papers published in scientific journals provide an insight in the nature of 
pharmaceutical R&D projects and the management literature on innovation projects. Factors 
affecting the success of the innovation projects are collected and they are linked to 
pharmaceutical R&D projects. The field of literature on innovation management is very broad; 
therefore the search is started in leading journals in the field of management sciences (e.g. 
Academy of Management Journal, Management Science, Organization Science, Journal of 
Management Studies and Strategic Management Journal). In these journals literature review 

19 



articles are found. After the review articles have been compared, literature on specific factors 
affecting the success of innovation projects is collected. In this phase the number of journals is 
expanded and other top quality journals are added (e.g. Journal of Product Innovation 
Management and R&D Management). 

Third, quantitative information from the industry provide industry standards for 
innovation projects in the pharmaceutical industry. Data from Annual reports as well as 
information from the centre for medicines research is collected. The centre for medicines 
research is an institute, collecting data of pharmaceutical R&D projects of different 
pharmaceutical companies, combines the data in their R&D performance metrics and provides 
it back to the pharmaceutical companies. 

• Properties of Pharmaceutical 
R&D Projects • Cell Culture 

• Management Literature on ~ ~ Innovation Project 
~ ~ 

Innovation Management 
• Industry Standards 

' 

• Evaluation 
• Analysis & Diagnosis 
• Exploration of Improvement Potential 

Figure 3.2 Conceptual Project Design 

Next a quantitative and qualitative evaluation is carried out. The data collected in the 
literature and the industry standards are compared with the actual cell culture innovation, see 
figure 3.2 for a conceptual design of the project. In the quantitative evaluation the industry 
standards are compared to the actual time frame and costs of the innovation. The qualitative 
evaluation consists of a discussion of the success factors found in the literature related to the 
actual innovation project. Based on the discrepancies found, problems that occurred during the 
innovation are defined. A feedback meeting is held at the end of part one to discuss and verify 
the findings so far and to agree on the further direction of the project. 

Part two begins with a further analysis and diagnosis of the main problem. First, the 
rout causes of the problem are analysed and validated based on an empirical analysis. Causes 
are explored based on the prior evaluation, the feedback meeting and an orientating interview 
with a person directly involved in the current project. Next, the validation of the causes occurs 
through qualitative data collection and analysis. Several specifically aimed interviews with the 
members of the taskforce, the project leader, and people from the R&D department extended 
with company documentation on the current project will provide input for this step. 
Information resulting from interviews has been checked with the interviewed person and also 
has been verified by a second person. The results of the analysis will be consolidated to 
formulate a diagnosis for the defined problem. 

Finally, a redesign is proposed. First, the specification for the redesign are determined 
based on the context of the problem, the organisational constraints, the current initiatives that 
are already implemented to improve the situation, and to focus on the variables that can be 
controlled by Solvay. Next the redesign elements are presented and recommendations are 
formulated. 
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4 Innovation Description 

In October 1989, Solvay organized a strategic influenza meeting in Zeist, The 
Netherlands, with representatives from all disciplines, to formulate a strategic vision for the 
future of their business group. Analyzing Solvay's position, two things caught the attention of 
the representatives. First, they recognized that the research efforts done by the scientific 
community and the pharmaceutical companies focussed on the development of a new and 
improved vaccine. This research was still in an early stage and contained many leads, which 
needed at least another 15 years before reaching the market. For Solvay it seemed impossible to 
follow this trend. A divestment discussion in combination with the flat market statistics at that 
time, created a situation where the BGI had not enough senior management support for an 
investment project. It was thus impossible to start own research on all the possible leads and it 
would not make sense to only research a few, all leads were in an initial phase, it would be a 
wild guess which one to choose. 

The second insight was related to the production technology. At that time all influenza 
vaccines on the market were produced by viral infection of embryonated eggs. However, next 
to the egg based production technology, some companies had a tissue culture technology to 
produce other vaccines. Solvay's biggest competitor for influenza vaccines in Europe, Sanofi, 
produced its polio and rabies vaccines with a tissue culture technology based on VERO-cells. A 
cell culture technology for influenza vaccines did not seem to be an issue in the industry. The 
egg-based technology delivered a safe vaccine for already 50 years. 

In Solvay's strategic reflection of October 1989, the attention was particularly devoted 
to the tissue culture technology. A combination of two factors created interest for this 
technology. From a public health perspective the BGI was convinced that the market fo r 
influenza vaccines would grow in the future. Implying an opportunity to grow its influenza 
vaccines business, this would however require a production capacity expansion. The question 
how to expand and in which technology to invest was particularly interesting, because Solvay 
saw their egg-based production process become worthless once the competitors would make a 
shift towards cell culture production for their influenza vaccines. The egg-based technology had 
several disadvantages over a possible cell culture technology; especially the flexibility in 
production in case of a pandemic was important for public health reasons (see section 3.1, page 
17 for a list of advantages of a cell culture production technology). 

The BGI decided to start a low profile feasibility study for a cell culture technology. 
Updating their knowledge about the production technology, as a core competence of their 
influenza activities, was something that was possible within the yearly R&D budget for the 
development of a new composition of the influenza vaccine. This decision was accompanied by 
the strategic decision not to develop any further R&D activities, since Solvay's influenza vaccine 
business was considered to be too small to keep up with all the research done by its much larger 
competitors. In stead of having its own R&D activities for influenza vaccines, Solvay assigned 
the task of closely monitoring all influenza developments in the world to a few key individuals. 
Once a lead would show some promising results, it was Solvay's intention to buy a license fo r 
that product. Solvay's adjuvanted virosomal influenza vaccine, Invivac® is an example of the 
consequence of this strategic choice. 

For the research of a cell culture technology the BGI had to increase their scope of 
expertise. Although Solvay was active in biology led disciplines, they did not have any know-
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how of tissue culture production technologies. Since this was a new technology for the 
company, they only had few individuals who had some experience in working with cell lines. 
Furthermore, appropriate research facilities were only to a limited extent available. In this initial 
stage, the investigation of different tissue culture technologies was therefore mostly done in 
Solvay's research and technology centre in Brussels, where the company developed all kinds of 
fundamental more basic technologies. Researchers from this centre had already worked on a 
fermentor technology involving different cell lines and thus had some experience in this field of 
research. 

Solvay soon discovered why their competitors did not switch to a tissue culture 
technology for their influenza vaccines. The influenza virus yields on the VERO cell line were 
simply not high enough to produce an influenza vaccine at an acceptable cost price. What they 
also found out by 1992 is that the Madin Darby Canine Kidney (MDCK) cell line was much 
more suitable to grow influenza viruses. Since all kinds of influenza strains propagated well on 
those cells, they were already used on small scale to grow influenza viruses for research 
purposes in laboratories. However, this cell line had an important disadvantage; they had never 
been registered to produce a human vaccine. As result this cell line required a longer 
development process for a vaccine based on those cells. It was a very risky and critical barrier to 
overcome. 

Although the threat of a technological backlog diminished, Solvay continued the 
development of a tissue culture vaccine. It was the cell biologist in the team who was convinced 
that the MDCK cell line had the properties to produce a safe and cost effective influenza bulk 
vaccine. Besides the development of an industrial scale production process, the most risky step 
in the development process was the final registration of the vaccine. The team decided therefore 
to first develop a trial version of a cell culture vaccine and try to register it, before developing 
the entire production process on an industrial scale. In this way the biggest uncertainty in the 
development process was cleared up as early as possible in the project and Solvay would know 
whether an MDCK-based vaccine was acceptable for registration by the authorities before they 
spend their R&D budget on a full scale development of the vaccine. 

However, the marketing department had another important requirement for the 
development process. Before they would agree to submit an official project declaration, 
required for clinical trials, they wanted to be sure that a cell culture vaccine could be produced 
at a cost price similar to the egg-based vaccine. From a commercial perspective they estimated 
there was only a small premium price they could charge in the influenza vaccine market for a 
product that essentially was a process innovation rather than a product innovation. The vaccine 
would not translate into a significant better prevention when administered and from a patient's 
point of view only had an advantage in case he was allergic to egg proteins. The marketers 
pointed out that the project would not make commercial sense, if a cell culture vaccine would 
be more expensive to produce than the current egg-based vaccine. 

The technical development of the vaccine was finalised by 1994. The process that was 
developed on a 3-litre laboratory scale generated satisfactory vaccine yields to produce at an 
estimated cost price similar to the egg-based vaccine. Furthermore, the safety of the cell line had 
been demonstrated for the justification of clinical trials, the next step in the development 
process. It was the right time to get an official project declaration. Serious investments had to be 
made for the clinical trials and the insurance and ethical issues had to be arranged officially. 
Therefore, the management board in Brussels had to approve the project proposal and the 
budget request. This was the first time senior management officially had to take a position with 
respect to this project. So far they were only informed about the existence of the project; due to 
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the small investments, they did not play an explicit role in the project yet. It was a big challenge 
to explain and convince the board members that Solvay should invest in this project. It took a 
few months of lobbying to get an official project declaration and budget for the clinical trials. 
The board members were particularly concerned the fact that it was a non-core business group 
that was developing a new technology requiring significant budgets to complete the 
development and the risks that this brought along. 

Before the vaccine for the clinical trials could be produced, further up-scaling of the 
process was required. This was a crucial step in the development process, since production 
capacity had major impact on the cost price. Furthermore, biological processes developed on a 
small scale are not necessarily representative for a large industrial scale production processes. 
When dealing with living cells and large and complex proteins, as is the case in biological 
processes, up scaling of the process is a critical activity: a healthy handling of the cells and 
proper oxygen and nutrition transport are necessary for successful production of the vaccine. 
Since Solvay did not have its own cell culture production plant or test facilities for the required 
scale, it outsourced the up-scaling and production of the vaccine for the clinical studies to an 
external certified contractor. 

The clinical trials were carried out successfully. To produce the four batches of 250 litres 
that were required for the clinical trials, a total of seven batches had to be produced. Hence, the 
up-scaling of the process had not yet resulted in a robust process as was required for industrial 
production. At the end, almost all batches have to be successful to produce cost effective. 
However, for the clinical trials cost efficiency was not important. Instead clinical trails mainly 
focused on the safety of the vaccine. The efficacy was expected to be similar to the egg-based 
vaccine. 

During the clinical studies in 1995 and 1996 Solvay continued its efforts to improve the 
robustness of the production process. On a 250 litre scale, this was done in cooperation with the 
existing external contractor. This collaboration though was not successful, mainly because of 
miscommunication between the two parties and limited specific know-how and experience 
with the MDCK technique of the contractor. The collaboration was ended in 1998. Solvay 
worked internally on up-scaling the process on a 50 litre scale. The company succeed in creating 
technically and economically feasible process on this scale by 1999. These developments 
resulted in two production specific patents that were filed by Solvay in 1998 to protect its 
innovation. 

Solvay finalized the clinical trials in December 1996 and completed its registration file 
by December 1997. In January 1998, it was submitted to the registration authorities in The 
Netherlands. Since this product was first in its kind, the registration authorities did not have 
any guidelines that applied for this case. There were guidelines for influenza vaccines, for cell 
culture vaccines and for human vaccines, but none of them covered all aspects of the cell culture 
influenza vaccine. The process to review the vaccine and formulate guidelines for cell culture 
influenza vaccines were a long process. During this process Solvay worked closely together 
with the registration authorities while the review process went through several iterations. 

During the registration process, Solvay's internal development process slowed down. 
Most people were assigned to other projects or left the company and only a few were assigned 
to describe the production process for registration and transmission of the process to another 
location. At the time when Solvay got market authorisation for its cell culture vaccine, the 
project rather moved to the background in the daily operation of the BGI. 
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In June 2001, Solvay got market authorisation for its cell culture influenza vaccine. 
Having taken the most risky part of the innovation, i.e. obtaining market authorisation for the 
MDCK derived vaccine by a registration authority in Europe, Solvay had the choice to "shelf" 
the innovation or to develop it further and build a cell culture production facility . After in 
depths discussions, Solvay decided to make plans for the building a new cell culture production 
facility. The BGI were well aware of the business opportunity that arose when Solvay as first 
company in the world got market authorisation for an influenza cell culture vaccine and 
wanted to continue with the innovation. Initially it was the intention to find a third party and to 
jointly further develop the process and build a production plant. This did not materialise and 
Solvay continued the process by itself. Due to the lack of necessary equipment to further 
upscale the process in a lab or pilot factory, it was decided to optimise the process once the 
plant was build. With the robust process on a 50 litre scale and limited but positive experience 
on a 250 litre scale the further up-scaling to bioreactors of 1000 litre was assessed to succeed 
with a chance of 95% or higher. After the first budget framings for the further innovation 
process, an experienced engineering contractor was hired to further develop the detail plans for 
a new production plant. The choice was made for a highly automated production process; this 
required fewer operators and implied a more constant quality of output. Together with the 
equipment suppliers, the best equipment for the cell culture process has been defined. 

An investment proposal was submitted to the Solvay Pharmaceuticals board in 2002. 
For Solvay standards it was a large investment that had to be done to build a new production 
facility. The chairman of the BGI, who also was the chairman of the cell culture project's 
steering committee, played a key role in the lobbying during the approval process. In December 
2002, the Solvay Pharmaceuticals board gave its approval for the investment in a new 
production facility for cell culture influenza vaccines. 

In March 2003 the construction process started in Weesp. This process has been strictly 
planned and managed in such a way that a minimal lead time was realised. Additional costs to 
shorten the lead time were negligible compared to the opportunity costs of starting the 
production a season later. The building and equipping of the new production facility has been 
completely done by external parties, this process is executed by 240 external workers operating 
from temporary established offices. 

After the completion, Solvay started with the qualification of the plant. A qualification 
of the installation, of the operations and of the performance has been made to check whether 
everything was installed correctly and worked properly. This process took longer than initially 
expected and lasted until 2005. 

Once the production facility was operational, Solvay started with test runs. These runs 
were meant to learn the new operators handle the complicated production process and to 
optimize the production process to obtain sufficient yields to produce economical feasible. 
People from R&D supported the manufacturing department with the optimization of the 
process. In 2006 a first attempt was made to produce vaccine for clinical studies to be done for 
FDA approval in the United States. The production of these batches was difficult; too many 
batches had to be produced before obtaining three acceptable ones. In addition, closer 
investigation showed that these batches had too high levels of impurities. It became clear that 
Solvay had not yet obtained a robust process and further development steps were required. 

In November 2006, after this setback it was clear that a more rigorous approach was 
necessary to tackle the problems. In January 2007, a joint taskforce of R&D, Manufacturing and 
Quality Assurance is established for the optimisation of the process and the start-up of the 
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production process. See appendix F for the structure of the task force. The taskforce framed an 
optimization plan that is still in execution. 

In table 4.1 an overview is given of the time frame of the innovation process as 
described above. 

1989 • Zeist Meeting (October) 
1989 - 1990 • Internal feasibility study of cell culture based influenza vaccine 
1990 • Approval of the project proposal by the PGI 

• Start collaboration between the BGI and NOH Brussels to 
initiate a joint feasibility study for cell culture technology for 
influenza vaccine 

1992 • End of feasibility study 
• Start of the technical development of a MDCK cell culture 

vaccine 
1994 • End of technical development on lab scale (3 litre) 

• Official project and budget approval 
1995 - 1997 • Clinical studies 
1995 - 1998 • Colaboration with Bio-intermediar for the production of the 

clinical batches and the up-scaling from a laboratory scale to 
industrial scale. 

1998 • Submission of the dossier for marketing authorisation for 
Influvac® TC to the medical evaluation board in the 
Netherlands (Januari) 

• Patents filinq for two cell-culture specific processes 
1999 • Biotechnology department of Solvay proves that the system is 

robust and suitable to produce at 50 litre scale to be 
economically feasible 

2001 • Market approval Influvac® TC (June) 
2002 • Approval for the building of a new cell culture facility 

(December) 
2003 • Start buildinq of the cell culture facility (March) 
2005 • New cell culture production facility becomes operational 

• Start with the production of test runs 
2006 • Attempt to produce clinical batches for FDA approval 
2007 • Establishment of a task force for the optimisation of the 

production process 
• Frame of an optimisation plan 

Table 4.1 Time frame of the cell culture innovation project 
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5 Benchmark Development 

5.1 Innovation Management 

The foundation of competitive advantage in the pharmaceutical industry lies in 
successful innovation. Both academia and practitioners acknowledge that innovation or new 
product development is a crucial activity to most companies in order for them to secure their 
market position and realise growth (Cooper and Kleinschmidt, 1987). New product 
development is a complex, difficult, and risky task with parts of the budget going towards new 
product failures. The pharmaceutical industry is facing a trend of decreasing R&D productivity 
(Gilbert et al., 2003). Although annual R&D investments are a significant part of the revenues 
and increase substantially, the number of new drug submitted and approved for market 
authorisation has not increased proportionally with these investments. The profit margins have 
been squeezed (Cardinal, 2001). 

The innovation process has changed in many industries, including the pharmaceutical 
industry. Increasing mobility of trained engineers and scientists, increased quality of university 
research, greater dissemination of knowledge throughout the world, increased rivalry between 
companies in their product markets, and increasing importance of venture capital are factors 
that changed the innovation process (Chesbrough, 2003). Innovation has moved toward an 
open process with a lot of new possibilities, enabling companies to make more efficient use of 
their R&D spending and use it to gain competitive advantage. 

Innovation literature splits into two areas of research (Brown and Eisenhardt, 1995). The 
first with an economics-oriented perspective examine innovation on a macro level (e.g. country, 
sector or particular technology). The second research area has an organisation oriented tradition 
and focuses at a micro level on new product development. In this graduation project, the 
interest is in the structures and processes by which Solvay has managed its cell culture 
innovation, therefore the focus here will be on the second area of research. On a micro level the 
object of innovation can be a product, a process, the organisation, transactions, management 
style, and business model, or market innovations creating changes in the way we create and 
deliver products and services (Assink, 2006). 

Innovation has three main characteristics. One of these is radicalness, which is 
technology based and describes the extent to which an innovation advances the performance 
frontier faster than the existing technological trajectory (Gatignon et al., 2002). The 
pharmaceutical industry's core product centres on a molecule. The radicalness of drug 
innovation is therefore a function of the new technological knowledge embedded in the drug 
(Abernathy and Clark 1985). However, Cardinal (2001) concludes that the radicalness does not 
influence the technical process in the pharmaceutical industry. The second characteristic is 
competency based, describing the extent to which innovations build upon and reinforce, rather 
than destroy, existing competences (Tushman and Anderson, 1986). The third characteristic is 
disruptiveness, disruptive innovations introduce a different set of features and performance 
attributes relative to the existing products and is offered at a lower price, which disrupts 
existing market linkages (Govidarajan and Kopalle, 2006). 
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An innovation project can be divided in generic activities. It involves the activities and 
decisions from the time when an idea is generated until the product is commercialised . There 
have been many authors who have developed normative and descriptive models of the product 
development process from different perspectives. Cooper and Kleinschmidt (1986) derived 13 
activities from processes developed by others as part of the development process. These 13 
activities were: initial screening, preliminary market assessment, preliminary technical 
assessment, detailed market research, business/financial analysis, product development, in
house product testing, customer tests of products, trial sell, trial production, pre 
commercialisation business analysis, production start-up, market launch. They found that there 
is a greater probability of commercial success if all the process activities are completed. 
Pharmaceutical innovation projects also require these process steps; however also have specific 
characteristics such as the requirement of high levels of specific knowledge, extreme regulation, 
and the very long lead time. See appendix D and E for a detailed description of the process of a 
new drug development and benchmark data regarding lead time and cost. 

Commercial success dominates the literature on performance measures for innovation 
projects (Montoya-Weiss and Calantone, 1994; Craig and Hart, 1992). Commercial success can 
be subdivided into profit, sales, payback period, and market share. Another focus is on the 
performance of the project itself. This literature is bundled in the disciplined problem solving 
stream and can be clustered in four perspectives: marketing, organisations, engineering design, 
and operations management (Krishnan and Ulrich, 2001). Each perspective has different 
performance measures such as the development lead time, the costs of the development, the 
manufacturing costs of the product, the innovation productivity, quality of the product and 
attractiveness of the product in the market (Syamil et al., 2004; Krishnan and Ulrich, 2001). 
Danneels (2002) argues that for the measurement of success of a project, it should not be viewed 
only in isolation, because its potential benefit for later projects is not taken into account. This 
argumentation is based on the organisational learning theory (e.g. Huber, 1991) and on 
empirical research that showed that failed projects were often instrumental in achieving 
subsequent success. For New-to-the-World projects Griffin and Page (1996) recommend to use 
some combination of customer acceptance, customer satisfaction, competitive advantage and 
met profit goals or ROI or IRR to measure product development performance. 
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5. 2 Success Factors 

The process of product development is often seen as a 'black box'. For years researchers 
have been interested in explaining what constitutes new product success. They have 
investigated factors leading to success and failure of product development in an effort to define 
factors that can improve innovation performance in companies. An understanding of new 
product success factors is important for two reasons: it provides guidelines for the screening of 
new projects; and it leads to insights into the way the new product project should be managed 
(Cooper and Kleinschmidt, 1987). 

In today's complex, multinational, and technology sophisticated environment the work 
team has re-emerged as a business concept and its unified team performance is now regarded 
as crucial to project success (Thamhain, 2004). Past empirical research on new product 
performance has provided considerable evidence that a wide variety of factors can influence the 
outcomes of new product development (Montoya-Weiss and Calantone, 1994). Balachandra and 
Frair (1997) suggest that even if there were a universal set of factors for predicting the success of 
a new product or an R&D project, the relative importance for the factors would be different 
depending on the contextual nature of the project. Cooper and Kleinschmidt (1987) argue that 
the controllable variables, rather than the situational or environmental variables are the 
dominant factors in success. 

The two most extensive studies done are the model of Brown and Eisenhardt (1995) 
highlighting the distinction between process performance and product effectiveness and the 
importance of agents, including team members, project leaders, senior management, customers 
and suppliers, whose behaviour affects these outcomes. Second, is the study of Montoya-Weiss 
and Calantone (1994) reporting that the most important drivers for new product success are: 
product advantage, technological synergy, market synergy, proficiency of technological 
activities, and proficiency of marketing activities, protocol, top management support/skill and 
proficiency of predevelopment activities. 

The innovation literature on success factors seems to agree on which factors are 
affecting the success of an innovation. Generally, the results of the empirical studies are a list of 
key success factors and despite the diversity of methods applied several meta-analyses show 
that the findings are similar across the various studies (Brown and Eisenhardt, 1995; Montoya
Weiss and Calantone, 1994; Cooper and Kleinschmidt, 1987; Craig and Hart, 1992; Barclay, 
1992). According to Craig and Hart (1992), one explanation of the similarity is that the various 
studies have a tendency to build on factors identified in previous studies. In most research 
though the range of success factors included is narrow and authors have different approaches 
and perspectives, not resulting in identical sets of success factors. Combining the results of 
previous meta-analyses resulted in a list of 20 success factors. The success factors are logically 
divided in four categories: strategic factors, market factors, process factors and organisational 
factors. 

5. 2 .1 Strategic Factors 

Product Concept 

Product concept refers to the products attractiveness. Unique benefits to the customer, 
product quality, reduced customer costs, product innovativeness, product superiority in the 
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eyes of the customer, and solution to a customer's problem are the items that comprise product 
advantage and create commercially successful products, because such products are more 
attractive to customers (Brown and Eisenhardt, 1995; Montoya-Weiss and Calantone, 1994; 
Cooper and Kleinschmidt, 1987; Craig and Hart, 1992; Barclay, 1992; Klein and Sorra, 1996). Yet 
despite the literature and the obvious nature of the argument, failure to meet customer needs is 
by far the most commonly cited cause of failure. The primary limitations on a firm's 
effectiveness in innovation appear to be its ability and perhaps aggressiveness in recognising 
needs and demands in its external environment (Barclay, 1992). Efforts to attain this goal are 
strongly related to the proficiency of market activities, a factor discussed later. 

Kim and Mauborgne (2004) developed the concept of value innovation to lead to 
product advantage. They argue that companies should ask themselves four questions: Which of 
the factors that our industry takes for granted should be eliminated? Which factor should be 
reduced well below the industry's standard? Which factor should be raised well above the 
industry's standard? Which factors should be created that the industry has never offered? 
Answering these questions companies can create new and superior value curves. 

Strategy 

Strategy indicates the strategic impetus for the development of a project. Measures of 
product positioning strategy are included, as are measures of 'fit' between the new product and 
the corporate strategy (Montoya-Weiss and Calantone, 1994). The strategy of a company 
dictates how it will operate internally, and how it will approach the outside world. Craig and 
Hart (1992) argue that the success of an innovation project depends on its fit with the corporate 
strategy and that innovation must be guided by corporate goals and strategy, and therefore, 
that there is a need to set clearly objectives for the innovation projects. 

The most promising growth opportunities tend to lie adjacent to the core business 
(Zook, 2004). The farther away from the core business a company tries to innovate, the worse 
they tend to fare. A core competence has to meet three characteristics: provide access to a wide 
variety of markets, contribute significantly to the perceived customer benefits of the end 
product, and should be difficult to imitate (Prahalad and Hamel, 1990). The competitive 
strength of the core business itself is also a crucial factor in the success of growth initiatives 
(Zook, 2004). Core capabilities though also have a down side that inhibits innovation, core 
rigidities (Leonard-Barton, 1992). Innovation projects thus face a paradox: how to take 
advantage of core capabilities without being hampered by core rigidities. According to Berez 
and Zook (2004) for companies the most effective approach lies in developing a repeatable 
formula for expansion. Repeatability lets a company build an organisation around its growth 
program. A repeatable formula creates the confidence to invest quickly, provides a method for 
finding the next opportunity, and makes it possible to pursue more adjacencies faster and more 
effectively. 

Capabilities emphasises the key role of strategic management in appropriately 
adapting, integrating and reconfiguring organisational skills, resources and functional 
competencies to match the requirements of a changing environment. Synergy is the common 
thread that binds the new business to the old. Synergy- both marketing and technological- is a 
key factor in success. 
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Technical Synergy 

Technical synergy represents a measure of the fit between the needs of the project and 
the firm's resources and skills with respect to R&D or product development, engineering, and 
production (Montoya-Weiss and Calantone, 1994; Cooper and Kleinschmidt, 1987; Craig and 
Hart, 1992). Companies need to ensure that the technical and production skills match the new 
product development being undertaken (Barclay, 1992). Building an R&D competence would 
involve building skills in such areas as: setting up new types of manufacturing facilities and 
operations, scanning for promising new technologies, assessing the feasibility of new 
technologies, building networks of contacts with research centers, and recruiting engineers in 
new technical areas (Danneels, 2002). 

Marketing Synergy 

Marketing Synergy represents the fit between the needs of the project and the firm's 
resources and skills with respect to the salesforce, distribution, advertising, promotion market 
research, and customer service (Montoya-Weiss and Calantone, 1994; Cooper and Kleinschmidt, 
1987; Craig and Hart, 1992)). An organisation that wants to cultivate its marketing competence 
may develop its skills in such areas as: assessing the potential of new markets, building 
relationships in new markets, setting up new distribution and sales channels, leveraging 
brand/company reputation to new markets, researching new competitors and new customers, 
developing new advertising or promotion strategies, and developing new pricing strategies 
(Danneels, 2002). 

Company Resources 

Company Resources represents the compatibility of the resource base of the firm with 
the requirements of the project. It is more general than marketing of technological synergy. For 
example, it includes capital, manufacturing facilities, and manpower requirements (Montoya
Weiss and Calantone, 1994). Managers should examine which resources are already in place, 
and which need to be build (Danneels, 2002). 

5.2.2 Market environment Factors 

Market Potential 

Market potential is a measure of market size and growth, as well as an indication of 
customer need level for the product type. This measure indicates the importance of the product 
to the customer. Large and growing markets contribute to the commercial success of an 
innovation project, because it provides the possibility of large sales (Brown and Eisenhardt, 
1995; Montoya-Weiss and Calantone, 1994; Cooper and Kleinschmidt, 1987). 

Market competitiveness 

Market competitiveness reflects the intensity of competition in the marketplace in 
general and/or with respect to price, quality, service, or the salesforce/distribution system 
(Montoya-Weiss and Calantone, 1994). Porter (1980) defines five forces that influence the degree 
of competition within a market place: threat of entry, power of buyers, power of suppliers, 
threat of substitutes, and competitive rivalry. He argues that a lower level of competitiveness in 
a market will increase the average profitability in that market. 
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Environment 

Environment refers to the general operating environment faced by the company. It 
includes risk or uncertainty and consists of a number of different aspects, such as political and 
social factors, the regulatory environment, public interest in the product, and social 
acceptability of the product. A product can not succeed if the environment in which it is 
introduced is not supportive (Montoya-Weiss and Calantone, 1994; Balachandra and Frair, 
1997). However, Tatikanda and Montoya-Weiss (2001) found innovation outcomes to be robust 
under varying conditions of technological, market and environmental uncertainty. 

5.2.3 Development Process Factors 

Protocol 

Protocol refers to the firm's knowledge and understanding of specific marketing and 
technical aspects prior to product development. A well defined project in terms of target 
market, product positioning, product benefits, and product requirements is important prior to 
development. This factor includes 'origin of idea' measures as well (Montoya-Weiss and 
Calantone, 1994; Cooper and Kleinschmidt, 1987). There must be agreement on the following 
variables: the target market, the customers' needs and preferences, the product concept, and the 
products specifications and requirements. The protocol is an outcome of the predevelopment 
activities. 

Proficiency of predevelopment activities 

Proficiency of predevelopment activities refers to proficiency of initial screening, 
effective project evaluation, preliminary market and technical assessment, detailed market 
study and market research, and preliminary business/financial analysis (Montoya-Weiss and 
Calantone, 1994; Cooper and Kleinschmidt, 1987). Management must recognise the importance 
of these up-front steps, and be prepared to devote the necessary resources to see that they are 
carried out well. 

Proficiency of Technical activities 

Proficiency of technical activities indicates proficiency of development, in house testing 
of the product or prototype, trail/pilot production, production start-up, and obtaining necessary 
technology (Montoya-Weiss and Calantone, 1994; Cooper and Kleinschmidt, 1987). Proficiency 
of technical activities will lead to a more productive development process. A productive process 
means lower costs and thus, lower prices, which, in tum, should lead to greater product 
success. Second, a faster process creates strategic flexibility and less time to product launch, 
both may lead to financial success of the product. 

Proficiency of Market activities 

Proficiency of market related activities specifies proficiency of marketing research, 
customer tests of prototypes or samples, test markets/trial selling, service, advertising, 
distribution, and market launch (Montoya-Weiss and Calantone, 1994; Cooper and 
Kleinschmidt, 1987). Companies should look to the consumer and the market for the majority to 
their new product ideas. A detailed market assessment should be undertaken, together with a 
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thorough analysis of customer preferences (Barclay, 1992). Market activities are necessary to 
ensure that the final product scores high on customer acceptance and preference. 

Senior Management Support 

Senior management support is critical to successful product development processes 
(Brown and Eisenhardt, 1995; Montoya-Weiss and Calantone, 1997; Cooper and Kleinschmidt, 
1987; Craig and Hart, 1992; Barclay, 1992). The underlying reasoning is that this support is 
essential for obtaining the resources necessary to attract team members to the project, to gain 
project approval to go ahead, and to provide the funding necessary to foster the development 
effort. In considering how best to get top managers involved in new product development, 
Craig and Hart (1992) mention that by approaching innovations as strategic choices, top and 
middle management become directly involved in setting goals and allocating resources. 

5.2.4 Organisational Factors 

Team Composition 

Project team members are the people who actually do the work of product development 
and thus strongly affect process performance. 

Cross functional cooperation is critical to process performance (e.g. Brown and 
Eisenhardt, 1995; Pinto and Pinto, 1990). Cross functional teams are defined as project groups 
containing members from different functional areas such as R&D, production, or marketing. 
The underlying reasoning is that the functional diversity of these teams increases the amount 
and variety of information that is available to the team creating a wider range of ideas. This 
helps the project members to understand the design process more quickly and fully and thus 
improves the process performance (Eisenhardt and Trabizi, 1995). Furthermore, it enables the 
team to identify downstream problems before they occur, when they are generally smaller and 
easier to fix. In particular the cooperation between R&D and marketing is important to combine 
skills and develop successful products (Griffin and Hauser, 1996; Craig and Hart, 1992; Barclay, 
1992). 

Ancona and Caldwell (1992a) argue that simply changing the structure of teams will 
not improve performance. A team must find a way to take advantage of the positive effects of 
diversity and reduce the negative direct effects. Clark and Wheelwright (1992) state that team 
members have two different kinds of responsibilities. First, they have functional 
responsibilities: ensuring functional expertise on the project, representing the functional 
perspective on the project, ensuring that sub-objectives are met that depend on their function, 
ensuring that functional issues impacting the team are raised pro-actively within the team. 
Second, they also have their team accountabilities: sharing responsibility for the team results, 
reconstituting tasks and content, establishing reporting and other organisational relationships, 
participating in monitoring and improving team performance, sharing responsibility for 
ensuring effective team processes, examining issues from an executive point of view, and 
understanding, recognising, and responsibly challenging the boundaries of the project team 
process. 

By assessing the activities carried out within the innovation process Roberts and 
Fusfield (1991) were able to identify five major work roles critical to innovation: idea 
generating, entrepreneuring and championing, project leading, gatekeeping and 
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sponsoring/coaching. Gatekeepers are team members who frequently obtain information 
external to the group and then share it within the project team. Similar to cross-functional 
teams, they affect process performance by increasing the amount and variety of information 
available in the innovation process (Brown and Eisenhardt, 1995). Product champions are those 
individuals who informally emerge and make a decisive contribution to the innovation by 
actively and enthusiastically promoting its progress through the critical stages. Product 
champions generally have a positive effect on innovation team performance (Howell and Shea, 
2006). 

Organisation of Work 

The strategy and organisational structure are inextricably linked; a change in one 
automatically triggers a change in the other. The changing nature of strategic contingencies over 
an innovation's life cycle further complicates the organisation design. Designs that are fit for 
variation and uncertainty early in the life cycle will be unfit for the efficiency required later, and 
vice versa. Although organisations can change design over time, this can be very difficult, 
especially when it requires moving to a new configuration of strategy, structure, and controls 
(Westerman et al., 2006). 

Eisenhardt and Tabrizi (1995) suggest a contingent set of problem solving strategies that 
are appropriate for different types of tasks. For stable and relatively mature products, product 
development is a complex task for which extensive planning and overlapped development 
stages are appropriate. These tactics assume a complex problem solving task that can be 
rationalised. In contrast, when there is more uncertainty in the design process, more 
experiential tactics, including frequent milestones improve process performance. The 
underlying idea is that under conditions of uncertainty it is not helpful to plan. Rather, 
maintaining flexibility and learning quickly through improvisation and experience yield 
effective process performance. Tatikanda and Montoya-Weiss (2001) found that process 
concurrency, formality and adaptability are positively related to product quality, unit cost and 
time to market. 

There exist different viewpoints on how the connection between the innovation and the 
organisation should be organised. One viewpoint argues for highly autonomous designs, 
because senior team inertia, resource allocation pressures, and strong exploitative biases can 
prevent incumbents from innovating (Christensen et al., 2002). Another viewpoint argues that 
firms should innovate within existing organisational structures (Brown and Eisenhardt 1997), 
because internal resources and capabilities are the foundation for sustained competitive 
advantage. 

Communication 

Effective group processes, particularly those related to communication, increase 
information and so are essential for high performing development processes (Brown and 
Eisenhardt, 1995; Montoya-Weiss and Calantone, 1994; Barclay, 1992; Thamhain, 2004). 
According to Katz (1982) team members are most likely to engage in both internal and external 
communication when team tenure is at a moderate level. Teams with a too short history 
together tend to lack effective patterns of working together, where as teams with a too long 
tenure together tend to become inward focused and neglect external communication. 

Promoting accessibility among project team members has been shown to affect the 
frequency and the nature of interactions among project team members. The term accessibility 
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represents an individual's perception of his/her liberty or ability to approach or communicate 
with another project team member (Pinto and Pinto, 1990). It breaks down barriers to 
communication and so increases the amount of information as well and decreases the number 
of misunderstandings (Keller, 1986). Hansen (1999) concludes that for the transfer of complex 
knowledge within a project team, strong ties are required between team members. 

Several team behaviours, including cooperation, commitment to the project, ownership 
of the project, and respect and trust among team members, also have been posited to contribute 
to team success (McDonough, 2000). 

In case of external communication, frequent communication with outsiders such as 
customers, suppliers, and other organisational persons opens up the project team to new 
information and makes the team aware of its environment (e.g. lobbying for resources, 
engaging in impression management, and gaining senior management support for the project). 

Project Leader 

Even though the cross-functional team is the heart of efficient product development, the 
project leader is a key figure in the development process and is the linking pin or bridge 
between the project team and the senior management. Clark and Wheelwright (1992) are that in 
heavy-weight project teams a project leader should champion the basic concept around which 
the platform product and/or process is being shaped. They play an important role in ensuring 
the system integrity of the final product and/or process. Not behind a desk, but talking to 
contributers, she or he is direct market interpreter, multilingual translator, direct engineering 
manager, program manager in motion, concept infuser. 

One important characteristic is the power of the project leader (Brown and Eisenhardt, 
1995). By powerful leaders we mean those project leaders with significant decision making 
responsibility, organisation wide authority, and high hierarchical level. Such leaders have a 
great positive effect on process performance. The underlying reasoning is that such leaders are 
highly effective in obtaining resources such as more personnel and larger budgets for the 
project team. Powerful project leaders are particularly effective politicians in lobbying for 
resources, protecting the group from outside interference, and managing the impressions of 
outsiders (Ancona and Caldwell, 1992b). 

A second characteristic of a good project leader is vision (Brown and Eisenhardt, 1995). 
Vision involves the cognitive ability to mesh a variety of factors together to create an effective, 
holistic view and to communicate it to others. In case of product development projects vision 
plays an important role in creating and communicating an effective product concept. 

Finally, project team leaders should have the skills to manage their project team. 
McDonough and Barczak (1991) discovered a 'delegative' or 'participatory' style of 
management was most appropriate to increase productivity. An important element of this style 
of management is that the manager sets the boundaries within which the project team can work 
and this requires clear project objectives. In addition, research of McDonough (2000) shows that 
setting appropriate project goals and empowering the team is the most associated with team 
success. Weggeman (2000) argues that an organisational structure should have little 
coordination requirements, interdependencies should be integrated in tasks, functions, 
departments, or locations. 
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External Orientation 

Today, in many industries, the logic that supports an internally oriented, centralised 
approach to R&D has become obsolete (Chesbrough, 2003). Companies also require knowledge 
from beyond their boundaries when developing their innovations (Rigby and Zook, 2002). In 
addition to internal R&D firms acquire external knowledge through licensing, R&D 
outsourcing, company acquisition, or the hiring of qualified researchers with relevant 
knowledge. The combination of external knowledge and internal R&D offers new ways to 
create value (Chesbrough, 2003). Access to external knowledge may leverage the efficiency of 
internal R&D activities and innovation management requires a tight integration of internal and 
external knowledge within the firm's innovation process (Cassiman and Veugelers, 2006) . 

Structure and style which a company adopts are closely related to its ability to connect 
with its markets (Bentley, 1990). Customer involvement has been shown to improve the 
effectiveness of the product concept (Cooper and Kleinschmidt, 1987). Research has also 
associated a faster development process with early and extensive supplier involvement (Brown 
and Eisenhardt, 1995). It is not clear how and when suppliers are appropriately involved in the 
product development process, and the evidence is not unanimous. Eisenhardt and Tabrizi 
(1995) argue that for less predictable projects, early involvement is not favourable, in order to 
maintain flexibility later into the development process with regard to supplier selection. 

Systems of Control & Evaluation 

Evaluation activities within the development process are extremely important. These 
activities include gathering and analysis of business and financial information and making 
decisions based on this information. Relevant measures of go/no go decision are included 
(Montoya-Weiss and Calantone, 1994; Craig and Hart, 1992). Thamhain (2004) defined an 
effective project planning and support systems to be important conditions for high team 
performance. 

Measuring Process performance is essential to process management (Syamil et al., 2004; 
Krishnan and Ulrich, 2001). Process management involves identifying and implementing the 
correct process choices and making sure that these processes are productive. The key to success 
in process management is to know how well the process is performing to prevent problems 
rather that fixing them after they occur. Cardinal (2001) shows that input, behavior, and output 
control enhanced radical innovation, and input and output controls enhanced incremental 
innovation. Bentley (1990) states that flat or decentralised systems of control are most associated 
with high innovation performance. Weggeman (2000) supports this vision and argues that an 
organisational structure should have at least hierarchical layers as possible, since with each 
layer half the information disappears and the rustle doubles. 

Second, senior management control refers to their coordination, guidance and control of 
the innovation. Brown and Eisenhardt (1995) state that subtle control by senior management is 
important to both superior process performance and effective products. Subtle control involves 
having the vision necessary to develop and communicate a distinctive, coherent product 
concept and at the same time also involves delegation to project teams such that they have 
enough autonomy ot be motivated and creative. Craig and Hart (1992) argue that a balanced 
managerial orientation which combines technical commitment with marketing inputs is found 
to be most closely associated with superior competitive performance. Barclay (1992) found in 
his research that 'open minded, supportive and professional management' was the most cited 
factor in literature. 
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Company characteristics 

Company characteristics should enable and support innovation. The company 
characteristics most associated with high innovation performance are: integrative mechanisms, 
good communications systems, individuals who take broad perspectives, solve problems and 
cope with risks (Bentley, 1990). Craig and Hart (1992) suggest that a decentralised, flexible 
structure which encourages risk-taking is most conducive to success. Furthermore, a learning 
space should be created in which a creative dialectic is stimulated and in which proper 
decision-making, unlearning, and reframing knowledge is ensured, and a dynamic balance is 
maintained (Coopey and Burgoyne, 2000). 

Nohria and Gulati (1996) argue that companies should find the optimum amount of 
slack. Slack is defined as the pool of resources in an organisation that is in excess of the 
minimum necessary to produce a given level of organisational output. Too little slack is 
undesirable to innovation because it discourages innovative experiments whose success is 
uncertain. Equally, too much slack is inimical to innovation because it breeds complacency and 
a lack of discipline that makes it likely that more bad projects will be pursued than good. 

In the pharmaceutical industry increasing levels of R&D spending, often associated 
with larger firms, is counterproductive to innovation performance. While there is a positive 
relationship between R&D expenditures and the number of new drugs developed, the 
proportion of return decreases as R&D expenditures increase (Graves and Langowitz, 1993). 
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5.3 Summary of Benchmark Items 

5.3.1 Quantitative Items 

Quantitative data regarding lead time and cost for pharmaceutical R&D projects have 
been assembled. The data is based on public sources and on information of the Centre for 
Medicines Research; both base their information on the development of new biological or 
chemical entities. Values between 9.5 and 15 years have been found for the lead time and 
around USD 40 million for the development costs. 

5.3.2 Qualitative Data 

A list of twenty success factors has been derived based on an extensive literature 
review. The list is shown in table 5.1. Each success factor has been discussed above considering 
specific implications for pharmaceutical R&D projects. 

SUCCESS FACTORS 
Product Concept 
Strateqy 
Technical Synerqy 
Market Synergy 
Company Resources 
Market Potential 
Market Competitiveness 
Environment 
Protocol 
Proficiency of Predevelopment Activities 
Proficiency of Technical Activities 
Proficiency of Market Activities 
Senior Manaqement Support 
Team Composition 
Organisation of Work 
Communication 
Proiect Leader 
External Orientation 
Systems of Control & Evaluation 
Company Characteristics 

Table 5.1 List of Success Factors 
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6 Evaluation 

6.1 Quantitative Evaluation 

In this section the benchmark data (appendix D and E) providing the norms and 
industry standards regarding lead time and costs are compared to the actual cell culture 
innovation project. 

It is fair to state that the development of a cell culture vaccine is in essence a process 
innovation and that the vaccine is a close copy of the egg-based vaccine. Therefore not all 
development steps had to be executed in a common level of detail, which influences the lead 
time and development costs. 

6.1.1 Lead Time 

The lead time of the development process is significantly shorter than the benchmark 
data. Both studies indicated values for the lead time between 9.5 and 15 years for the time until 
approval by the regulatory authorities. The lead time for the cell culture innovation is 11.5 years 
when considering the time between the influenza meeting in Zeist (October 1989) and the 
market approval (June 2001). The cell culture innovation would have a lead time of 9.5 years 
when only the time between "target discovered" and the market approval is considered, this is 
time frame is used in the analysis done by the Centre for Medicines Research (CMR). When we 
consider that both studies (PhRMA, 2007; CMR, 2006) found lead time for the review process 
between 0.5 and 2 years, where in this case it took 3.3 years, the remaining development time is 
significantly shorter. The two years required for the clinical studies are comparable to the 
benchmark data (CMR, 2006). 

No benchmark data are available for the development process after the market 
approval. It seems that the expected launch date for 2005 was not realistic. However, the delay 
is still increasing and Solvay does not seem to have the lead time under control. 

6.1.2 Development Costs 

The development costs were extremely low. Solvay had only spent around €12 million 
on the innovation until the moment it got market authorisation. However, the development of 
the production process was not yet finalised, further up-scaling was required. The development 
costs would have been significantly higher if Solvay would have invested in efforts and 
equipment for further scaling up of the process prior to the market approval. 

The opportunity costs for each dose of vaccine that additionally could have been 
produced in case of an operational cell culture production process are high. The price of doses 
is estimated at €3 and the variable costs at €1. The opportunity costs equal the gross margin of 
€2 euro per unsold dose. Considering the production capacity of 20 million doses per year, the 
opportunity costs could increase until €40 million per influenza season. 
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6.2 Qualitative Evaluation 

In this section, the success factors derived from the literature will be discussed in 
relation to the cell culture innovation. For each success factor a score between [++] and [- -] is 
determined based on the degree of similarity between the findings in the literature and the role 
of these aspects in the cell culture innovation project. In section 6.2.1 the results are summarised 
and the major drivers and bottlenecks of the innovation process are derived. 

Product Concept[++] 

Governments and public health authorities who design their country's prevention 
strategies and purchase the vaccines are concerned with the avian flu threat and require a 
vaccine that can be timely available in case of a pandemic outbreak. A cell culture technology 
enables Solvay to react to unexpected demand from the market. Solvay Pharmaceuticals' $300 
million, five year contract with the US department of health & human services for flu pandemic 
preparedness supports the claim of attractiveness of the vaccine to its market (Solvay Press 
Release, 4 May 2006). Further more, the superiority of a cell culture concept for influenza 
vaccines has been widely recognised and replicated by other influenza vaccine producing 
companies (see table 2.1, page 16). It must be noticed that the superiority of the product concept 
is strongly time dependent and competitors are already working on the next generation 
production technology for influenza vaccines. 

Strategy[+] 

Solvay has a strategy of continuous technical innovation with a focus on growth in 
pharmaceuticals and chemical specialties. The nature of this innovation, which is an expansion 
strategy by developing and implementing a state-of-the-art production technology, fits very 
well to the corporate strategy. The product fit with the company is questionable though since 
Solvay's influenza vaccine is the company's only biological product. However, the production 
and marketing of influenza vaccines can be considered as core competences: Solvay has 50 years 
of experience with the production of influenza vaccines and the company build up a market 
position in 65 countries. 

Considering Solvay's market position the development of a cell culture vaccine is 
justified. The influenza vaccine market has long been a generic market. Due to the very small 
differences, every potential differentiating factor is welcome. 

Technical Synergy [- -] 

For the development of a cell culture technology most production steps remained the 
same. Only the production of viruses would happen on cells instead of embryonated eggs (see 
appendix C for a description of the production process). The second production step is for the 
most part independent of whether the inactivated virus concentrate is produced with eggs or 
MDCK-cells. Table 6.2 summarises the requirements in development efforts for expansion of 
the influenza business with a cell culture plant. The cell culture technology was a new 
technology for Solvay, thus there was no technical synergy and the resources needed for the 
project were not all available within the company. 
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Unit Status 
Seed preparation Available. Outdated, unit needs to be upgraded in 

due time 
Virus production Not available. 
Clean Room Available . Substandard facility: has been expanded 
(Vaccine formulation) and uoaraded in 2001. 
Blending facility Available. Limited capacity and needs to be replaced 

in due time. 
Filling and Packaging Available. Facility is updated for preservative-free 

vaccines 
IVV services Up-to-date (Quality check, development labs and 

supportive facilities) 
Table 6.2 Required Units for the cell culture process and their status 

Market Synergy[++] 

The cell culture vaccine can rely on the same marketing and distribution structure as the 
traditional vaccine. The marketing organisation has build up the capability of global expansion 
and building up market positions in different countries. Since the cell culture vaccine is not a 
replacement of the egg-based vaccine but an addition, Solvay's production capacity will 
increase and a further expansion of the target market is required and additional contracts can be 
signed with countries to cooperate and assure pandemic preparedness. 

Company Resources[-] 

Three kinds of resources are considered: capital, facilities and manpower. Regarding 
capital resources, enough have been available since the project has officially been approved. 
Only during the technical development on a 3 litre scale prior to the clinical studies, financial 
resources were scare, causing some delay in the process. Since the project has been officially 
approved, enough financial resources have been available. 

Development facilities are only limitedly available. This is a consequence of the low 
technical synergy. Regarding the facilities, Solvay had the possibility to develop the process on 
a 3 litre and a 50 litre scale internally. For the further scaling up until a 250 litre scale Solvay 
cooperated with an external contractor. Unfortunately this cooperation did not lead to a robust 
process on this scale, however did lead to some experience with the production on this scale. 
For the final development and up-scaling of the production process there is a lack of a flexible 
infrastructure. Process qualification and development happens either at lab scale or in the new 
production facility. Since biological processes are strongly scale dependent, lab scale tests are 
not representative for an industrial size production process and thus are only of limited value 
for developing an industrial scale production process. The highly-automated characteristics of 
the production facility are aimed at routine production; explorative investigations however in 
this environment is time consuming and expensive. 

The lack of skilled and experienced employees seems to have a negative impact on the 
process. In the initial development phase, a part of the development activities were sourced 
from the corporate research centre in Brussels. Also during the detail planning, building and 
equipping of the production plant assistance is hired from outside. The problem particularly 
arose when Solvay gained market authorisation in 2001. In the prior years the internal 
development process had slowed down and a lot of skilled employees departed, only a small 
group of skilled employees remained available for the further development and 
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implementation of the technology. A new team had to be formed to gain and expand expertise 
with the technology to implement the cell culture process. Unfortunately it has been difficult to 
attract experienced people, because these people were very scarce. Biotech was booming in the 
world and specifically in de influenza vaccine industry most competitors were investing in the 
development of a cell culture process. Therefore, the people Solvay hired had mostly no 
experience. The new employees were mostly less experienced and had to get used to their role 
in the innovation project and within Solvay's organisation of work. 

Market potential[++] 

The influenza vaccine market has great potential. The experience of the influenza 
vaccine market developments during the 1990s clearly shows that actions by the pharmaceutical 
industry and the stimulation of vaccination by public health authorities do increase the 
awareness of influenza in the world. This drives up the vaccination rates in most countries. 
Currently approximately 300 million doses of vaccine are produced and sold each year (figure 
2.4, page 15) and the growing trend of 7-10% is expected to persevere. 

The expected growing market made it necessary for Solvay to timely expand its 
production capacity, which justified an investment. It was necessary to build a new production 
plant to strengthen its market position, while maintaining the existing business. 

Market competitiveness[+/-] 

The competitiveness in the market is increasing. Currently, all produced vaccine doses 
can be sold on the market, resulting in a low internal rivalry in the market. Several companies 
though have major expansion plans (table 2.1, page 16). Once the market will face a situation of 
overcapacity internal rivalry will automatically increase. Despite the high entree barriers such 
as high development costs and a complex and specialised production process, the new entrants 
are attracted by the market potential (e.g. Crucell). The power of supplier will reduce once the 
cell culture technology has entered the market, because of the decreased dependency on critical 
raw materials. Power of buyers is high; especially governments buy large quantities at once. 
The individual patient has little power, however is the one who decides whether he will be 
vaccinated or not. Substitutes for specific kinds of influenza vaccines are becoming available 
with the segmentation of the market (e.g. life vaccine). 

Environment[+] 

The environment has a positive attitude towards influenza vaccines and supports the 
development of cell culture vaccines. The WHO even actively supports and stimulates cell 
culture vaccine development. Governments also recognise the critical importance of cell 
cultured vaccines for public health interests in case of a pandemic and thus have a positive 
attitude towards cell cultured vaccines. 

The medical evaluation board in the Netherlands also played an important role in the 
development process. After a period of three years, they concluded that the vaccine was safe 
and that it should be allowed to be sold on the market. 

Protocol [++] 

At the start of the project in 1989, the focus of the project was clear. Solvay had the 
intention to develop a cell culture technology to produce an influenza vaccine at similar cost 
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price and efficacy levels as the egg-based vaccine. A well reasoned strategic reflection created 
wide support for the project among the members of the influenza business and the later project 
team was able to consistently and efficiently work towards a clearly defined goal. 

Proficiency of Predevelopment Activities[++] 

An extensive strategic analysis has been conducted prior to the project. The trends and 
developments in the market as well as the internal capabilities have been assessed, resulting in 
the decision to start a feasibility study for a cell culture vaccine and not to invest in other 
product developments. 

Proficiency of Technical Activities[+/-] 

In the initial phases of the project most development activities happened as part of the 
day-to-day activities. During this period the development speed played a minor role and 
activities were conducted trustfully. Later in the process, the clinical studies, the registration 
process and the building of a production facility happened with the intended result. 

The technical development activities are not yet finalised . The final development and 
up-scaling to industrial scale has not yet resulted in a process with enough yields to produce 
economically feasible. The causes of the problems are still unknown and appear to have 
different reasons. 

Proficiency of Market Activities[+] 

Solvay was well aware of its market environment. Solvay's strategy to not have its own 
R&D and assign the specific task of monitoring the market environment for trends and 
developments combined with the knowledge from its marketing department resulted in a clear 
vision on the market. Three market insights were crucial for the cell culture innovation project. 
First, the public health arguments were well assessed to become a driver for market growth and 
creating the possibilities of an expansion strategy. Second important insight was the fact that 
current vaccination programs would fell short in case of a pandemic outbreak, and that a cell 
culture technology could play a key role to overcome this problem. Finally, the market 
possibilities for a cell culture vaccine were explored and it was not considered possible to 
charge a premium for a vaccine that was in essential a process innovation rather than a product 
innovation. 

Senior Management Support[+/-] 

Initially, senior management support has been rather low for this innovation project. 
This was mainly caused by the fact that the influenza vaccine business was not considered a 
core business within Solvay. The chairman of the BGI maintained contact with the Solvay 
Pharmaceuticals board in Brussels. The board members were mainly informed informally and 
did not have to take an official position. It happened twice in the entire process that a formal 
approval was required from Brussels. The first time in 1994 the board had to officially approve 
the project to enable clinical studies. The second time in 2002, the approval consisted the 
investment to build a new cell culture production facility. Within the BGI it was widely 
assumed that the support was low. This was the reason why in 2002 the investment proposal 
for the production facility did not contain a pilot plant. A higher investment amount was 
estimated to likely be withdrawn. However, after the approval of building a new production 
plant, senior management has become more committed to the project. 
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Team Composition[+/-] 

This innovation has completely been executed within the BGI and all functional 
subunits participated (e.g. Marketing, R&D, Manufacturing, Quality, and Registration) . Within 
the BGI a steering committee has been set up to manage the innovation project. This committee 
coordinated the work of several project groups assigned with different tasks in the 
development process. These were all groups with a limited responsibility regarding the entire 
innovation and only existed temporarily. There was thus no constant team composition. 

Some individuals can be described as entrepreneur or product champion. They 
participated in multiple project groups and delivered a decisive contribution to the establishing 
and progress of cell culture innovation, among them Guus van Scharrenburg, Rudy Brands and 
Bram Palache. They thought only participated in the project until 1999. The chairman of the BGI 
initially rather play a coaching role in the project. Later on, he played a key role in the 
implementation phase as chairman of the steering committee and in his contact with the senior 
management. 

Gatekeepers are more difficult to define. All key players, as just mentioned, all had 
contacts outside the innovation project; after all it was a strategic analysis of the inside and 
outside market environment that initialised the innovation. Bram Palache maintained contacts 
with other influenza vaccine companies and the scientific community. Guus van Scharrenburg 
and Rudy Brands build up external contacts with cell culture and protein specialist and visited 
congresses on these topics. 

Unfortunately, the current composition does not contain such pronounced product 
champions and gatekeepers. 

Organisation of Work[+] 

There is a clear difference between the organisation of work before and after the 
obtained market registration. Initially the project started as feasibility study, and by trial and 
error the development progressed step by step. After the market authorisation was gained in 
2001, time became an important factor in the development process. The process was clearly 
defined in phases and planned efficiently. Currently, all activities are managed in a task force, 
who is responsible for the optimization of the cell culture production facility. 

Communication[+] 

Communication happened efficiently among team members during the project. Most 
people were part of the BGI and knew each other prior to the project and the group processes 
for the innovation project were similar to the group processes known from the BGI. This 
resulted in high accessibility of individuals and much informal communication. Later on in the 
process this became more problematic because a lot of new people from outside the company 
were hired. 

Project Leader[+/-] 

Several individuals have been assigned project leader. Their role was to manage their 
project groups and report to the steering committee. They seem to have accomplished this task 
satisfactory. The long term vision building and justification to the rest of the organisation 
happened by the steering committee, especially the chairman. The fact that the role of project 

43 



leader is assigned to a committee that is not involved on a day-to-day basis and are not 
grounded with the specific technical expertise of the innovation project reduces the power of 
the leadership. With the installation of a task force in 2007, the project leadership is again 
assigned to a general project manager who is closely managing the project. 

External Orientation[-] 

Initially the same key individuals participated in the development process as that did 
the strategic analysis that initiated the innovation. They were external oriented and had a lot of 
contacts outside the organisation. They function as entrepreneurs, product champions and gate 
keepers at the same time. Especially Guus van Scharrenburg and Rudy Brands build up a 
network of cell culture experts and participated in on topic congresses. Once the role of these 
key individuals went more to the background, the external orientation decreased. For building 
and equipping the cell culture production facility, external assistance has been hired. However, 
the final development and the optimisation of the production process happen rather internally 
in isolation. 

Systems of Control & Evaluation[-] 

Control over the innovation project happened decentralised. On the highest level, 
senior management had to approve the major investments in the project, this happened twice in 
the process. The control over the innovation was mainly kept on the BGI level. The steering 
committee received a progress report every two weeks and discussed it in a meeting. The major 
points that were considered were the current progress, future planning and the development 
costs. This way the BGI had an overview of the project, and controlled its direction. However, it 
appears that in the decisions made, the availability of resources and the requirements for the 
project have not been considered sufficiently. 

For the big investment approvals, there seem to be too many hierarchical layers 
between the decision makers and the people involved in the project. With each hierarchical 
layer, part of the information disappears and the rustle increases. This distance especially forms 
a problem concerning technical issues. For biological projects generally high levels of specific 
knowledge are required to understand the process. Currently, the work groups that are 
optimising the production process report to the taskforce, who communicates with the 
management team influenza, they on their term inform the Solvay Pharmaceuticals board. 
However, neither the project leader of the taskforce, nor the majority of the management team 
influenza, nor the Solvay Pharmaceuticals board have a bio-technical background. This implies 
that making a considered and reliable decision is impossible in such a situation. 

Company Characteristics[++] 

The BGI had people with the right attitude to start and carry out such an innovation 
project. They were willing to take some risk and solve problems and were individuals who take 
a broad perspective. 

In its process Solvay has allow enough slack and budget flexibility to experiment with 
new technologies. Without this slack the initial development of the cell culture vaccine would 
not have been possible. However in more recent years the amount of slack appears to have been 
reduced and the R&D activities have been increasingly formalised . This could reduce future 
innovativeness. 
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6.2.1 Summary & Conclusion 

The evaluation of the cell culture innovation based on the developed benchmark 
demonstrates the major drivers and inhibitors of the process. Five key elements can be derived 
from the evaluation that made it possible for such an innovation to happen within Solvay. First, 
a clear and widely supported protocol was defined at the start of the innovation project, based 
on an extensive evaluation of the internal and external business environment. This made it 
possible for the project team to consistently and efficiently work towards a clearly defined goal. 
Second, the attractiveness of the product concept created outside support for the project, this 
was especially supported by the upcoming threat of an avian influenza pandemic. Third, the 
large market potential and the expected growth in the market created a high potential business 
opportunity and justified an investment towards the chemical oriented Solvay board. Fourth, 
the presence of product champions who have contributed decisively to the innovation played a 
key role in the innovation. Without their enthusiasm, leadership, and ambition the project 
would not have been initiated or might not have been completed. Finally, budget flexibility and 
slack has made it possible start some interesting tests without already having a clear 
justification from a financial point of view. 

Furthermore, three major bottlenecks can be defined. First, the lack of technical synergy 
played an important role, because it implied a lack of development facilities and skilled 
employees. This especially played a role in the second part of the innovation project, it has 
proven problematic for Solvay to attract skilled and experienced people, for the increasing 
organisation at that time. Regarding the development facilities, in the second part of the 
innovation project, the production process had to be scaled up until industrial scale, this 
requires large scale test facilities that are not available within Solvay. A second potential 
bottleneck is the low external orientation, which increasingly required developing all activities 
internally. The third bottleneck is the inadequate internal systems of evaluation and control. 
Most decision makers are inexperienced with bio-technical projects. This makes it difficult to 
understand the complexity of the occurring problems and it complicates the right decision 
making. A complete list of the evaluated success factors is provided in table 6.1 . 

SUCCESS FACTOR EVALUATION* 
Product Concept ++ 
Strategy + 
Technical Synerqy - -
Market Synerqy ++ 
Company Resources -
Market Potential ++ 
Market Competitiveness +/-
Environment + 
Protocol ++ 
Proficiency of Predevelopment Activities ++ 
Proficiency of Technical Activities +/-
Proficiency of Market Activities + 
Sen ior Manaqement Support +/-
Team Composition +/-
Orqanisation of Work + 
Communication + 
Project Leader + 
External Orientation -
Systems of Control & Evaluation -
Company Characteristics ++ 
Table 6.1 Evaluation of the success factors 
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7 Analysis & Diagnosis 

This chapter provides an analysis and diagnosis of the problem as defined in chapter 3. 
Section 7.1 discusses the underlying causes and effects of the problem. Section 7.2 contains the 
diagnosis of the business problem; this provides a final overview of the main problem and its 
validated causes and effects for which solutions will be presented in chapter 8. 

7.1 Analysis 

Based on empirical analysis a cause-and-effect diagram is made. This diagram is 
presented in figure 7.1. The diagram shows the problem on the right side and the causes and 
effects from left to right. The causes as defined in the diagram are described below. 

Lack of Individual 
Responsibilities 

Relatively 
Inexperienced Team 

Members 

Optimisation Steps 
Not Clearly Defined 

Great Time Pressure 

Inefficient 
Communication 

Management has 
Limited Bio -

Technical Expertise 

Figure 7.1 Validated cause and effect diagram 

Optimistic Planning 

Low External 
Orientation 

Delay in Successfu I 
Inadequate Problem ---- Implementation Cell 

Solving Approach Culture Technology 

L_______ ·- - .. -

Lack of Flexible I 
Infrastructure 

~------_J 

Delay in Successful Implementation Cell Culture Technology 

The implementation of the cell culture technology is running into an increasing delay 
and the lead time of the project does not seem to be under control. Initially the vaccine was 
planned to be on the market by 2005. However, Solvay is still struggling with the optimisation 
of the production process. Table 7.1 provides an overview of the major issues in the 
optimisation of the production process. Once the process is optimized, the process has to be 
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validated, clinical studies have to be performed, and the vaccine produced on industrial scale 
has to be officially registered before it could be marketed. After the optimisation, the process 
has to be validated, clinical studies have to be done and the vaccine produced on industrial 
scale has to be registered before it could be marketed. Currently the first cell culture vaccine is 
expected to be on the market by 2010. 

DEVELOPMENT STEPS ISSUES 
Fine tuning of design: definition of process Design for up stream and downstream 
steps and rationale for overall design process not finalized. The design and 

rationale for each process step as well as for 
their order should be revised, especially for 
the down stream process. 

Identification of critical sources of variability Variability in technical I operating conditions 
and set within preliminary boundaries that not fully under control. Control over the 
allow for acceptable process performance Critical Process Parameters has to be 
and product quality optimized to improve purity and yield. 

(Safety, Efficacy, and Consistency) 
Development and validation of in-process Limited panel of assays for measurement 
assays and of product characterization tools and monitoring of Critical Process 
that allow to measure and to control Parameters and product characteristics. 
variability Adequate and validated assays for in-

process and product analysis are to be 
further developed. 

Training of People Ongoing (limited level of know-how and 
experience with bioprocesses) 

Table 7.1 Overview of Development Steps 

Optimistic Project Planning 

On the cell culture innovation project planning tends to be done very optimistically. 
The discovery of tasks that are not well scheduled has already caused the project to delay 
several times. There are three main reasons why task were not scheduled properly. The first is 
because coherence between different tasks is not taken into account in many cases. This turns 
into a problem when a particular task depends on the results of another task and thus can only 
start when these results are known. A second reason is that resources I employees are not taken 
into account in the planning. This means that it is possible that a task has to wait because there 
are no employees available for the execution. The third reason is simply because some tasks, 
particularly some of the development steps, are planned too roughly. These tasks later tend to 
delay the project because the development steps always seem to require more time than is 
estimated in advance. The planning has been so optimistic that till 2006, it was planned to have 
finished the validation runs only three months after the release of a planning schedule. 

Optimisation Steps not Clearly Defined 

Currently the optimisation of the production process is still not finished and is holding 
up the innovation. Initially only a few engineering runs were planned to optimize the process; 
this number has already strongly increased. The current state and the remaining necessary 
development steps are not clearly defined. In February 2007, the DHHS urged the taskforce to 
make an optimization plan and define the required development steps. The required studies 
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and tests, the number of engineering runs, the required resources, and the coherence between 
different development activities that are necessary to realize the described development steps 
are not defined in the optimisation plan and are not integrated in the planning schedule for the 
entire innovation project. The non-transparency of the required development steps makes it 
impossible to control the project. 

Inadequate Problem Solving Approach 

The second cause for the delay is an inadequate problem solving approach. With the 
current systems of evaluation and control Solvay is not able to effectively and efficiently tackle 
the problems that appear during the technical development. Development decisions are mainly 
made by the taskforce. The heads of the work groups prepare the decisions that have to be 
discussed and approved by the taskforce. The preparation and justification of the decisions tend 
to focus too much on the propositions instead of the arguments and insights leading to the 
proposition. This implies a lack of fundamental trouble shooting: a thorough analysis and 
diagnosis of the problems occurring is not made. Interventions oriented at the symptoms of 
occurring problems make it impossible to unravel and tackle the underlying problems. Since 
the taskforce itself has no overview on which decisions have to be made in the project, they 
focus the project management too much on the details instead of the main lines. Furthermore, 
current development activities are not executed vigorously and with all the required 
carefulness. For example variables are not separated; several variables are changed at the same 
time during development steps. This complicates the development of a consistent and validated 
production process. Decision making is biased because underlying causes are often difficult to 
understand and require a high level of specific bio-technical knowledge. 

Low External Orientation 

Solvay has a low external orientation and does not have any systems to internalise 
external expertise. Since the cell culture was a new technology for Solvay, a lot of knowledge 
and expertise has to be built up. Parts of the required research already have been done 
somewhere. Developing all knowledge and expertise internally is often more time and cost 
intensive than getting it from outside. Furthermore, external expertise could help to challenge 
and improve internal ideas for execution of the development steps. 

Inefficient Communication 

Communication among team members is not efficient. The great pressure, under which 
people are now working for a longer time, has created mutual frustrations among team 
members. People do not have the feeling of to belong to the same team. This is especially the 
case between members from different disciplines. Furthermore, communication between team 
members is hard because most of them are inexperienced in a biological business environment 
and have difficulties with understanding each others technical functionality and the 
implications of it for the overall production process. The communication happens decentralized 
and on a formalised and bureaucratic way. Discussing problems and solutions is complicated, 
occurring problems tend to be addressed indirectly and the discussion is not consolidated. 
Short term solutions dominate the discussions and the ideas resulting to these solutions are not 
challenged. The inefficient communication also seems to have an influence on the information 
exchange between R&D, production and marketing which complicates in it self an integrated 
problem solving approach. This makes it difficult to realize systematic improvements. 
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Great Time Pressure 

Since the company has decided to invest in this technology and has committed itself by 
building a cell culture production facility, the staying out of the expected returns puts the team 
under great pressure. This pressure originated from two parties that both expected better 
results than the team is able to provide. The first party is its own (senior) management. 
Investments for the influenza business have always been under pressure because of a lack 
synergy with Solvay other (chemical) activities. The pressure currently increases because Solvay 
has invested in a new production facility for cell culture influenza vaccines but does not see any 
returns. A second party is the US department for health and human services (DHHS). They 
sponsor Solvay to transfer the cell culture technology to the United States. They are willing to 
help Solvay to succeed with the technology transfer, but are threaten to stop the financial 
support in case Solvay is not able to meet the deliverables that they agreed on. Several 
deadlines have passed and both parties are closely monitoring the project and increasing the 
pressure on the project team to deliver results. 

Lack of Individual Responsibilities 

The mission of the taskforce is to make the production plant operational and validated 
as soon as possible. Generally, within Solvay the development department is responsible for the 
product and process description and the manufacturing department for the production facility. 
The taskforce has subdivided this responsibility among work groups consisting of people from 
development and manufacturing. These work groups are basically responsible for the 
operational execution of the project concerning a certain part of the production process. 
Furthermore, all involved persons have been assigned to a particular functional role in the 
innovation project. Management of interactions between responsibilities is difficult, since 
responsibilities for development steps are generally given to entire work groups and not to 
specific individuals. Problematic aspects of tasks are often avoided by individual team group 
members. Since nobody is directly responsible, problematic aspects are often ignored or only 
temporarily solved. 

Relatively Inexperienced Team Members 

During the registration process between 1998 and 2001 the internal development 
slowed down and many researchers were assigned to other tasks or left the company. Once 
Solvay decided to further develop the cell culture process internally and built a cell culture 
production plant, a new project team had to be built up. As result of the low technical synergy 
these people mainly had to be attracted from outside the company. Currently around 50 people 
work on the innovation project from the R&D department and only 10 of them work for more 
than three year at Solvay Pharmaceuticals. In addition, most newly hired people just graduated 
from university and do not have any prior experience. This implies they have to become used to 
their role in such an innovation project and in addition are still habituating to the company 
culture and the general organisation of work within Solvay. 

Management has Limited Bio-Technical Expertise 

The management responsible for the cell culture innovation has only limited bio
technical expertise. This is a problem on different levels. In the management team influenza and 
the Solvay Pharmaceuticals board a large majority of the members comes from the chemical 
industry. On the operational level this is also an issue, for example, the head of the cell culture 
production facility and the project leader of the taskforce both have a chemical background. 
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Since the biological industry significantly differs from the chemical industry, it is difficult for 
these management teams to fathom the complexity of occurring problems and to oversee all 
consequences of decisions. The managers strongly depend on the insights of other individuals, 
and are not able to challenge these insights. This weakens the leadership and decisiveness of the 
management and implies that reliably controlling and evaluation the project is impossible in 
such a situation. An example of such a situation is the early building of a new cell culture 
production facility, without first further developing the production process in a pilot plant. 

Lack of Flexible Infrastructure 

The low technical synergy in this case also implies that no large scale test facilities are 
available. Currently process qualification and development happens either on lab scale or in the 
new production facility . Since biological processes are strongly scale dependent, lab scale tests 
are not representative for an industrial size production process and thus are only of limited 
value for developing an industrial scale production process. The highly-automated 
characteristics of the production facility are targeted at routine production, not at experimental 
or optimisation runs. Therefore, conducting such runs in this environment is time consuming 
and expensive. The lack of flexibility of the production plant also has the disadvantage that the 
possible changes to the process are very limited. It is thus impossible to further modernise the 
process that has already been developed 10 years ago. 
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7. 2 Diagnosis 

The main problem with the cell culture innovation is the lack of control of the 
increasing delay. The opportunity costs for each dose of vaccine that additionally could have 
been produced in case of an operational cell culture production process are high. It is thus 
important for Solvay to have the cell culture influenza vaccine on the market as soon as 
possible. There seem to be three main causes for this business problem. 

First, the development of the production process on an industrial scale is complicated 
because of the lack of a flexible infrastructure. The decision to directly build a highly-automated 
production facility, instead of first building a pilot plant to further develop the production 
process on industrial scale has a negative impact on the lead time of the project. 

Second, the delay increased because the initial expected launch date was not realistic 
from a technical point of view. Solvay needs more time to truly develop an industrial scale 
production process. This process is uncontrollable because there is no clear overview of the 
technical aspects of the innovation and of the required development steps and their 
interferences. In practise this means that development steps take longer than expected in the 
planning, and thus are delaying the initial project schedule. 

Third, the problem solving approach is not adequate because of a lack of understanding 
of problem. The current approach is mainly oriented at symptomatic interventions rather than 
to tackle the underlying problems. This complicates the development of a consistent and 
validated production process. A combination of two factors is responsible for this approach. On 
one hand, the project team consists mainly of young and inexperienced employees and is 
working under great outside pressure; this has created mutual frustrations and negatively 
influences the communication among team members. On the other hand, management only has 
limited bio-technical expertise and is not able to provide all necessary guidance and support for 
the project team concerning bio-technical issues. This also implies that ideas are not be 
challenged, that there is a poor coordination between different development steps, and that the 
decision making process does not adequately deal with bio-technical development issues. 
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8 Solutions 

In this Chapter an advice to improve the situation is presented. First in section 8.1 the 
specifications for the redesign are discussed. Thereafter in section 8.2 the redesign is presented 
and how it should fit in the current organisation. Finally, in section 8.3 some recommendations 
are formulated with regard to Solvay's general business activities. 

8.1 Specifications 

In this section specification for the redesign are formulated . It is important to take into 
account the context of the problem, the organisational constraints, the current initiatives that are 
already implemented to improve the situation, and to focus on the variables that can be 
controlled by Solvay to create a feasible advice. 

Solvay should be able to implement on short term the changes proposed by the 
redesign. There is a great time pressure on the project to get the influenza cell culture vaccine on 
the market as soon as possible. In addition, the possibilities for the further development are 
limited, since production facility has already been built. The optimisation possibilities are 
limited by the infrastructure as it has previously been designed. Therefore the redesign should 
rapidly create a situation in which the understanding of the problem increases to the extent that 
an adequate implementation strategy and problem solving approach can be selected. It would 
not make sense to build a pilot facility at this time in the project. 

Hiring additional employees, to reduce the pressure does not seem to be a feasible 
solution at this time. There are two reasons to support this statement. First, in the past it has 
proven to be difficult for Solvay to hire experienced employees. Since, the recruiting strategy 
has not been changed it is likely that this is still the same. Second, the current employees are 
getting used to Solvay's way of working and to the organisational culture, which causes the 
communication to increase in efficiency. Expanding the project organisation with additional 
inexperienced employees is likely to decrease the efficiency of communication and the team 
group process and is thus undesirable. 

Currently, Solvay is well aware of the inefficiency within the taskforce and of the 
necessity of an adequate development discipline. For this reason the project leader is 
investigating the possibility of establishing a core taskforce. This core taskforce should be able 
to communicate more efficiently with each other. Regarding the carefulness of the executed 
tests, Solvay is now steering the project toward a disciplined problem solving approach. This is 
absolutely necessary and should be further encouraged. 

The redesign should address the following three aspects as define in the diagnosis. 
First, the pressure on the taskforce and the work groups should be reduced. Second, the 
redesign should support and facilitate a proper internal communication concerning the 
development process. Third, the redesign should enable a better understanding of the problem 
to be able to adequately tackle the occurring problems and to clearly define the development 
steps. 
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8.2 Redesign 

Based on the diagnosis and the defined specifications a redesign is made. It is an advice 
consisting of four coherent measures aimed at increasing the understanding of the problems 
and at a better coordination of the activities. This should lead to an acceleration of the 
development and implementation process en minimizes the further delay to implement the cell 
culture technology. 

Technical Project Leader 

The first measure is to define a highly skilled and experienced technical project leader 
for the cell culture innovation project. This technical project leader should be assigned to this 
project for 100% and should operate next to the general project leader. She or he will be 
responsible for all technical aspects of the cell culture technology and should form a bridge 
function between different technical functionalities. She or he should stimulate and facilitate the 
communication between individuals who are directly involved in the development, take the 
lead in case of problematic aspects in the development process, and coordinate the different 
individual responsibilities regarding the production process. Furthermore she or he should be 
the person who has an overview of the current status of the development and the one who 
should create a better understanding of the problems and needs to find out about what further 
development steps are required, so that a proper planning can be made. With her or his past 
experience, large expertise in the field of biology and/or bio-technology, and position within the 
project team she or he should be able to challenge ideas and should keep the main line in mind 
at all time. Finally, she or he should act as spokesperson to the (senior) management for 
technical issues concerning the innovation process. 

Detailed Planning 

The second measure is to increase the level of detail of the project planning with regard 
to the optimization activities. Currently there exist three different planning schedules for the 
cell culture innovation project. There is a planning of the part of the R&D department and there 
is a long term and a short term planning for the production facility . All three planning 
schedules are related into each other. Next to three planning schedules there is an optimisation 
plan. This plan is by far not as detailed as the other planning schedules and is only roughly 
linked to the R&D planning and is not linked to the planning of the production facility . 
However, the optimisation activities are currently executed and are delaying the entire project. 
Therefore more insight should be gathered in this process, to obtain an overview of the required 
development steps, including all essential tests and studies. Thereafter, these activities should 
be carefully planned, taking into account the coherence between the tasks and other planning 
constraints (i.e. the number of test runs in the production facility), the required resources and 
their lead time. Since it is difficult to indicate an exact lead time for development activities the 
planners should work with a best, a most likely, and a worst case scenario. This would provide 
an overview of the required time for further development and would also indicate were the 
risks are in the project. Furthermore it provides a possibility to plan all development activities 
as efficient as possible. 

Focus on the Development Process 

Solvay needs more time to truly develop an industrial scale production process. It is 
necessary that this development is finalised before the technology can be transferred to another 
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location. Based on earlier unrealistic planning schedules, Solvay has already started projects in 
the United States and Russia. Researchers are assigned to these projects and are currently 
located in these countries. Since these projects strongly depend on the optimisation process in 
Weesp, Solvay should focus its attention on the development of a true production process and 
temporarily relocate the researchers to Weesp. These are mostly experienced Solvay employees 
that could contribute decisively to the innovation project. 

Outsource activities 

The fourth measure is to increase the outsourcing of development activities for the cell 
culture project. In the current situation Solvay has the possibility to outsource activities if the 
necessary equipment for example is not available internally. For several activities Solvay has a 
list of preferred suppliers. Even in case that the DHHS would normally financially support a 
certain development activity it is possible to outsource that activity, in that case only a more 
formal tender process has to be taken into account. 

A restricting factor for outsourcing activities in the current situation is the fact that it is 
unclear which studies and/or tests will be necessary. To be able to outsource an activity, it must 
be defined in advance to do a request for quotation and to get a budget approval. The fact that 
development activities are not defined and planned in advance makes it difficult to outsource 
activities. 

Based on the detailed optimisation plan, as described in the second recommendation, it 
is possible to determine which activities could be outsourced. Since Solvay already build the 
production facility, most optimisation steps only make sense if they are done in the production 
facility. However, some off-line studies or complicated product qualification studies can be 
conducted externally and reduce the pressure on the team. 
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8.3 Recommendations 

Next to the concrete short term advice, there are two general recommendations 
concerning Solvay's business activities on the long term. These recommendations are based on 
factors that played an important role in the cell culture innovation project. They have been kept 
out of the scope of this project since they can not be influenced on the short term. Further action 
on these aspects should be considered for the future. 

Selection Procedures for Managers 

Solvay's selection procedure for managers should be analysed. The lack of powerful 
leadership appears to be a bottleneck in this innovation project. This particularly has been a 
problem concerning bio-technical issues. For the future selection of managers it seems 
important to pay more attention to the required expertise and experience to successfully fulfil 
that role in the organisation. A decision to designate a new manager should be made based on 
the match between the qualities of the candidate and the requirements of the position. This 
sounds obvious, but currently managers seem to be chosen based on past successes that are not 
necessarily relevant for their new position. 

Recruitment 

Another recommendation is to benchmark the recruitment strategy and analyse how 
Solvay could better attract potential employees. The difficulties with hiring new employees 
suggest that the recruitment strategy is not competitive within the industry. As stated in the 
literature review in chapter 5 (external orientation, page 34), attracting new employees is 
important for companies to gain expertise. Furthermore, it could imply that in the future 
Solvay's will lose its valuable employees, because they are attracted to other companies. 
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9 Conclusions 

Evaluation of the Cell Culture Innovation 

An extensive evaluation has been conducted to provide an insight in the factors that 
affected the innovation process. First, as starting point of the evaluation a reconstruction of the 
innovation process has been made in chapter 4. This provides a detailed chronological overview 
of the innovation process as it happened within Solvay. Next, in chapter 5 a benchmark has 
been developed, which has been compared to the actual project in chapter 6. 

The available benchmark data regarding time and costs do not provide a relevant 
overview of the project. On first sight, it appears that Solvay has performed the project very 
efficiently. However, the available data is based on the development of new medical entities 
instead of the development of a new production process. Furthermore, the data only reflects on 
the time until the first registration of the new medical entity, and the delay in the cell culture 
process appeared after the first registration in 2001. 

The qualitative evaluation provides a complete picture of the factors that affected the 
innovation process. A non-prioritised list of twenty success factors for innovation projects is 
derived from literature based on a combination of several existing frameworks of success 
factors extended with articles on specific topics. This provides an overview of the most 
important issues addressed by the scientific community in the past 10 - 15 years in the field of 
innovation management. Based on the comparison of the success factors derived form literature 
and the description of the actual project, the major drivers and possible inhibitors are defined. 

Five key elements made it possible for such an innovation to happen within Solvay. 
Based on an extensive evaluation of the internal and external business environment, a clear and 
widely supported protocol was defined at the start of the innovation project. This made it 
possible for the project team to consistently and efficiently work towards a clearly defined goal. 
The attractiveness of the product concept created outside support for the project, especially 
because of the upcoming threat of an avian influenza pandemic. The large market potential and 
the expected growth in the market created a high potential business opportunity and justified 
an investment towards the chemical oriented Solvay board. The existence of product champions 
who have contributed decisively to the innovation played a key role in the innovation. Without 
their enthusiasm, leadership, and ambition the project would not have been initiated or might 
not have been completed. Finally, budget flexibility and slack has made it possible to start some 
interesting tests without already having a clear justification from a financial point of view. 

Next, three major bottlenecks are derived. First, the lack of technical synergy played an 
important role, because it implied a lack of development facilities and skilled employees. This 
especially played a role in the second part of the innovation project, because the project 
organisation then had to increase seriously in size and it has proven problematic for Solvay to 
attract skilled and experienced people. Regarding the development facilities, in the second part 
of the innovation project, the production process had to be scaled up until industrial scale, this 
requires large scale test facilities that are not available within Solvay. A second potential 
bottleneck is the low external orientation; Solvay has increasingly chosen to develop all 
activities internally. The third bottleneck is the inadequate internal systems of evaluation and 
control. Most decision makers are inexperienced with bio-technical projects. This makes it 
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difficult to understand the complexity of the occurring problems and it complicates the right 
decision making. 

Improvement Potential 

The main problem Solvay faces with this innovation project is the increasing delay and 
the uncontrollability of the lead time. This seems to have three main causes. First, Solvay does 
not have a clear overview of the required development steps and what these development steps 
imply with regard to prior results, resources and through put time. Second, Solvay's current 
approach is mainly oriented at symptomatic interventions rather than to tackle the underlying 
problems. An inexperienced team in combination with a lack of powerful leadership, with 
regard to bio-technical issues, appear to be the reasons for this situation. Third, there is a lack of 
a flexible infrastructure. 

To accelerate the development and implementation process and to minimize the further 
delay to the implementation of the cell culture technology, a redesign consisting of four 
coherent measures is presented in chapter 8. First is to define a technical project leader to 
stimulate the communication and support the coordination among team members and to create 
more bio-technical awareness on management level. Second, the current planning schedule 
should be extended with a detailed planning of the required development steps, so that is 
become clear which development steps are required, how much time they require, and where 
the risks are in the project. Third, Solvay should focus on the optimisation of the production 
process in Weesp, since this forms the basis for further cell culture projects, and should 
relocated as much researchers as possible to the project in Weesp. Fourth, once the development 
steps are defined, it should be investigate which activities could be outsourced. 

This advice creates a situation on short term in which Solvay is able to accelerate the 
development and implementation process of the cell culture technology. With the presented 
measures Solvay should be able to tackle the problems with the optimistic planning and the 
inadequate problem solving approach. A highly skilled and experienced technical project leader 
should be able to create a better understanding of the problem and communicate this within the 
organisation and coordinate the different development activities. This will lead to a better 
problem solving approach. Furthermore, definition of the required development activities will 
lead to more transparency in the innovation project. This will partly reduce the pressure on the 
team, since external expectation will be more realistic. 

Finally, two general recommendations are made, requiring action on the longer term. 
First, the selection procedure for managers should be analysed to find a way to better match the 
qualities of the candidates to the requirements of a vacant position. Furthermore, this project 
has show that it is difficult for Solvay to attract skilled and experienced employees, therefore 
the competitiveness of the recruiting strategy should be investigated and improved. 

Limitations 

A first limitation is the short timeframe in which the analysis and redesign have been 
made. The main focus of this graduation project has been on the evaluation of the cell culture 
innovation project. The further analysis and redesign thus have been made in relatively short 
timeframe compared to other graduation projects and on some aspects they may need to be 
further elaborated before they can be implemented. However, the general direction to realise 
systematic improvements is clearly defined in this report. 
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A second limitation is the lack of technical background of the author. The direct 
motivation for the project, were an increasing delay in the innovation process due to technical 
problems. In this report the situation has been closely examine from an organisational point of 
view. The solutions presented will not directly solve the occurring technical problems. It will 
only create a situation in which it should be possible to more efficiently tackle the technical 
problems. 

A final limitation is that the project has been executed outside of Solvay. For the initial 
evaluation this approach has assured to have a new outside view on the situation. However, for 
the later analysis and redesign this may not have been the best approach, because it limited the 
communication with Solvay employees to formal moments such as interviews. With more 
informal communication I would have been able to create more support for the implementation 
of the redesign. 
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10 

A 

Appendix 

Influenza 

Influenza is caused by a virus that attacks mainly the upper respiratory tract: the nose, 
throat and bronchi and rarely also the lungs. The infection usually lasts for about a week. It is 
characterized by sudden onset of high fever, myalgia, headache and severe malaise, non
productive cough, sore throat, and rhinitis. Most people recover within one to two weeks 
without requiring any medical treatment. In the very young, the elderly and people suffering 
from medical conditions such as lung diseases, diabetes, cancer, kidney or heart problems, 
influenza poses a serious risk. In these people, the infection may lead to severe complications of 
underlying diseases, pneumonia and death. 

Influenza rapidly spreads around the world in seasonal epidemics and imposes a 
considerable economic burden in the form of hospital and other health care costs and lost 
productivity. In annual influenza epidemics 5-15% of the population are affected with upper 
respiratory tract infections. Hospitalization and deaths mainly occur in high-risk groups 
(elderly, chronically ill) . Although difficult to assess, these annual epidemics are thought to 
result in between three and five million cases of severe illness and between 250 000 and 500 000 
deaths every year around the world. Most deaths currently associated with influenza in 
industrialized countries occur among the elderly over 65 years of age. 

Much less is known about the impact of influenza in the developing world. However, 
influenza outbreaks in the tropics where viral transmission normally continues year-round tend 
to have high attack and case-fatality rates. For example, during an influenza outbreak in 
Madagascar in 2002, more than 27 000 cases were reported within three months and 800 deaths 
occurred despite rapid intervention. An investigation of this outbreak, coordinated by the 
World Health Organization (WHO), found that there were severe health consequences in 
poorly nourished populations with limited access to adequate health care. It is not possible to 
extrapolate the exact annual burden of influenza in the tropics from data from such occasional 
and severe outbreaks. 

Vaccination is the principal measure for preventing influenza and reducing the impact 
of epidemics. Various types of influenza vaccines have been available and used for more than 
60 years. They are safe and effective in preventing both mild and severe outcomes of influenza. 

It is recommended that elderly persons, and persons of any age who are considered at 
"high risk" for influenza-related complications due to underlying health conditions, should be 
vaccinated. Among the elderly, vaccination is thought to reduce influenza-related morbidity by 
60% and influenza-related mortality by 70-80%. Among healthy adults the vaccine is very 
effective (70-90%) in terms of reducing influenza morbidity, and vaccination has been shown to 
have substantial health-related and economic benefits in this age group. The effectiveness of 
influenza vaccine depends primarily on the age and immunocompetence of the vaccine 
recipient and the degree of similarity between the viruses in the vaccine and those in 
circulation. Influenza vaccination can reduce both health-care costs and productivity losses 
associated with influenza illness. 
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Pandemic influenza 

Three times in the last century, the influenza A viruses have undergone major genetic 
changes mainly in their H-component, resulting in global pandemics and large tolls in terms of 
both disease and deaths. The most infamous pandemic was "Spanish Flu" which affected large 
parts of the world population and is thought to have killed at least 40 million people in 1918-
1919. More recently, two other influenza A pandemics occurred in 1957 ("Asian influenza") and 
1968 ("Hong Kong influenza") and caused significant morbidity and mortality globally. In 
contrast to current influenza epidemics, these pandemics were associated with severe outcomes 
also among healthy younger persons, albeit not on such a dramatic scale as the "Spanish flu" 
where the death rate was highest among healthy young adults. 

Most recently, limited outbreaks of a new influenza subtype A(H5Nl) directly 
transmitted from birds to humans have occurred in Hong Kong Special Administrative Region 
of China in 1997 and 2003. 

Transmission 

The virus is easily passed from person to person through the air by droplets and small 
particles excreted when infected individuals cough or sneeze. The influenza virus enters the 
body through the nose or throat. It then takes between one and four days for the person to 
develop symptoms. Someone suffering from influenza can be infectious from the day before 
they develop symptoms until seven days afterwards. 

Disease spreads very quickly among the population especially in crowded 
circumstances. Cold and dry weather enables the virus to survive longer outside the body than 
in other conditions and, as a consequence, seasonal epidemics in temperate areas appear in 
winter. 

Diagnosis 

Respiratory illness caused by influenza is difficult to distinguish from illness caused by 
other respiratory pathogens on the basis of symptoms alone. However, during laboratory
confirmed influenza outbreaks, the majority of persons seeking medical advice for upper 
respiratory tract infections are likely to be infected by influenza. Laboratory confirmation will 
be required between annual influenza epidemics. Rapid diagnostic tests have recently become 
available that can be used to detect influenza viruses within 30 minutes. 

Despite the availability of rapid diagnostic tests, the collection of clinical specimens for 
viral culture remains critical to provide information regarding circulating influenza subtypes 
and strains. This is needed to guide decisions regarding influenza treatment and 
chemoprophylaxis and to formulate vaccine for the coming year. 

A.1 Disease Burden 

The burden of influenza in the USA is currently estimated to be 25- 50 million cases per 
year, leading to 150 000 hospitalizations and 30 000-40 000 deaths. If these figures are 
extrapolated to the rest of the world, the average global burden of inter-pandemic influenza 
may be on the order of -1 billion cases of flu, -3-5 million cases of severe illness and 300 000-
500 000 deaths annually. Epidemics and outbreaks of influenza occur in different seasonal 
patterns depending on the region in the world. In temperate climate zones, seasonal epidemics 
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typically begin in the late fall and peak in mid- to late winter. In tropical zones, seasonal 
patterns appear to be less pronounced, with year-round isolation of virus. In developed 
countries, annual influenza epidemics infect about 10-20% of the population each season, and 
cause febrile illnesses that range in severity from mild to debilitating and can lead in some 
instances to hospitalization and even cause death. The latter mostly occur as a consequence of 
primitive fulminant influenza virus pneumonia or of secondary respiratory bacterial infections 
and are facilitated by underlying pulmonary or cardiopulmonary pathologies. The risk of 
developing serious complications is aggravated in the very young and in the elderly. Data 
collected in Michigan (USA) and in Japan indicate that the mass vaccination of school-aged 
children correlates with a reduced rate of respiratory illness in all age groups, suggesting that 
larger-scale immunization in childhood could favourably affect influenza epidemics. 

The repetitive occurrence of yearly influenza epidemics is maintained through the 
ongoing process of "antigenic drift", which results from the accumulation of point mutations in 
the genes that encode the two viral surface proteins haemagglutinin (HA) and neuraminidase 
(NA), and leads to the constant emergence of new virus variants against which there is little or 
no pre-existing immunity in the population. At unpredictable intervals, due to the segmented 
nature of the influenza virus genome, these viruses also can acquire new genes from an avian or 
other animal influenza virus. This process is believed to occur most readily in pigs, as these 
animals can be infected by avian as well as human viruses. Co-infection in pigs can result in the 
emergence of a virus with a completely new glycoprotein subtype, which is referred to as an 
"antigenic shift" and, if the virus infects the human population and can efficiently spread from 
person-to-person, a worldwide epidemic known as a pandemic occurs. Three of these 
pandemics occurred in the last century (1918, 1957, and 1968). The most severe, in 1918, infected 
approximately 50% of the world's population, killing an impressive 20-50 million people, 
particularly those in the prime of their lives. This pandemic depressed population growth for 
the following ten years. 

The last outbreak of influenza with high mortality and pandemic potential occurred in 
1997, when a new influenza virus with an avian virus HA glycoprotein (H5Nl) emerged in 
Hong Kong SAR, killing 6 of the 18 affected patients, mainly young adults. Fortunately, the 
virus was not able to spread from person-to-person and it was possible to stop the outbreak by 
massive culling of poultry. Another H5Nl strain was isolated in 2003-2004 in several countries 
in Asia, including Thailand and Viet Nam, killing altogether 31 of the 43 patients diagnosed 
with the virus. Again, from 24 December 2004 to 6 January 2005, six new human cases of H5Nl 
influenza were reported from Viet Nam, including five deaths. 

These recent outbreaks have coincided with a major epizootic of avian flu in South-East 
Asia, due to a highly pathogenic H5Nl virus strain that not only kills domestic poultry (ducks 
excepted) but also wild birds such as geese, flamingos, and other species of aquatic birds. The 
virus also is pathogenic for ferrets, cats and tigers. Cats can be infected with H5Nl virus both 
by the respiratory route and by feeding on virus-infected birds. So far, no human-to-human 
transmission has been documented with certitude, but the fear is that the H5Nl virus could 
gain the capacity to spread into the human population through change in receptor-binding 
specificity by mutation or reassortment, leading to a new pandemic. 

Other avian influenza viruses have occasionally caused a human outbreak, such as a 
H9N2 strain in 1999 in Hong Kong SAR, H7N7 virus in 2003 in the Netherlands, which caused 
89 confirmed human cases with conjunctivitis and one death, and H7N2 and H7N3 in 2003-
2004 in North America. 
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In the USA, the impact of a new pandemic, assuming it would be of a similar 
magnitude as the 1957 or the 1968 pandemics, and not like the 1918 pandemic, is projected to be 
18--42 million outpatient visits, 314 000-734 000 hospitalizations and 89 000-207 000 deaths. 
Extrapolating these figures to the world population, a gross estimate of the impact of the next 
pandemic calls for 1-2 billion cases of flu, 5-12.5 million cases of severe illness, and 1.5-3.5 
million deaths worldwide! 

A.2 Vaccine 

The currently available influenza vaccines are subvirion preparations made from 
inactivated, detergent-split influenza virus grown in the allantoic cavity of embryonated 
chicken eggs. These vaccines effectively prevent influenza-related illness and have a high 
benefit-to-cost ratio in terms of preventing hospitalizations and deaths, as shown in numerous 
studies on vaccination of the elderly and of individuals at high risk for severe outcomes of 
influenza. WHO estimates that there globally are about 1.2 billion people at high risk for severe 
influenza outcomes: 385 million elderly over 65 years of age, 140 million infants, and 700 
million children and adults with an underlying chronic health problem. In addition, 24 million 
health-care workers also should be immunized to prevent them from spreading the disease to 
the high-risk population. At this time, the world's annual total production capacity for seasonal 
vaccine is limited to about 350 million doses, which realistically does not suffice to cover the 
global high-risk population. 

It is, therefore, quite evident that the global health infrastructure would not be able to 
handle the timely manufacture, distribution and delivery of a pandemic influenza vaccine 
which, in all likelihood, would have to be given as a two-dose regimen because people will not 
have had a previous exposure to the virus antigen. One solution to this problem would be to 
lower the quantity of antigen per dose and add an adjuvant to the vaccine, but this needs to be 
tested in clinical trials. Another solution would be to improve on current vaccine production 
technologies (egg-derived vaccines). Several pharmaceutical companies have embarked on 
projects for the development of cell-culture vaccines, as this could help overcome current 
vaccine production bottlenecks, limited availability of specific pathogen-free egg supply and 
time constraints. Furthermore, it would improve possibilities of scaling up vaccine production 
capacities in face of a pandemic. 

It is now possible, using the techniques of reverse genetics, to first mutagenize the 
HA1/HA2 cleavage site of any potential pandemic virus strain such as the avian H5Nl strain, so 
as to attenuate its virulence, then to transfer its HA and NA genomic segments into an 
appropriate influenza A virus master strain such as the PR8 strain which has been adapted to 
grow on Vero cells, thus generating within a few weeks a reassortant virus with the antigenic 
specificity of the pandemic strain and the growth characteristics of the master strain, including 
adaptation to cell culture. 

To assess dosage for the reverse-genetics vaccine against Viet Nam H5Nl virus, clinical 
trials are presently being conducted by the NIH using vaccine lots prepared by Chiron and by 
Sanofi-Pasteur. Japan is planning to organize trials in early 2005 and the European Union 
should eventually test a low dose pandemic H5Nl vaccine containing alum as an adjuvant. 
Intellectual property and liability issues also are major obstacles, not counting the fact that a 
reverse-genetics vaccine is considered a genetically modified organism and as such would need 
special clearance in Europe. 
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Another approach to influenza vaccines has been the development of cold-adapted (ca) 
virus strains which grow well in primary chick kidney cells and embryonated eggs at 25-33°C, 
have a reduced replication titre at 37°C, and show attenuated behavior in ferrets. Cold 
adaptation was found to be a reliable and efficient procedure for the derivation of live 
attenuated influenza virus vaccines for humans. A trivalent live cold-adapted vaccine (Flumist) 
has been developed for intra-nasal spray delivery by Medlmmune and Wyeth. This vaccine was 
proven highly efficacious in Phase III trials, showing a 92% overall protection rate over a 2-year 
study in children. The vaccine has been licensed in the USA for vaccination of persons from 5-
49 years of age, in view of side effects in younger children (wheezing, nasal congestion) and 
absence of data in the elderly. The vaccine is safe, effective, and shows remarkable genetic 
stability, but it has to be kept at -18°C. A new, heat-stable version of the vaccine has recently 
been developed, and has shown remarkable efficacy in clinical trials in Asia and Europe, 
including young children. An application for European licensure is expected to be filed 
presently (Medlmmune). 

• Biodiem Limited (Australia) and Merck will be developing another live attenuated 
influenza vaccine, to be delivered by nasal spray. 

• Still another cold-adapted live-attenuated virus vaccine grown in Madin-Darby canine 
kidney (MDCK) cells on microcarrier beads in serum-free medium is at an advanced 
preclinical development stage at the Vector Scientific Center in the Russian Federation. 

• Berna Biotech is commercializing an influenza vaccine formulated in virosomes, with 
the surface spikes of the three currently circulating influenza strains inserted in the 
vesicle membrane of three corresponding virosome types. A nasal formulation of this 
vaccine was however recently withdrawn from the market, due to undesirable 
neurological side effects (Bell's palsy) linked to the presence of the E. coli labile toxin 
(LT) used as an adjuvant, most likely because of GMl ganglioside binding of the B 
subunit of LT in neuronal tissues associated with the olfactory tract. 

• Other formulations of inactivated influenza vaccine for mucosa! delivery are in 
progress including immunostimulating complexes (ISCOMs). 

• Protein Science is developing a subunit vaccine containing recombinant HA and NA 
proteins produced in a serum-free insect cell culture with a baculovirus vector. The 
vaccine has been successfully tested in a Phase II trial in 64-89 year-old volunteers in 
whom it induced good anti-HA antibody responses. A Phase III trial is pending. 

• Yeda, an Israeli research and development (R&D) company, is developing a synthetic 
peptide influenza vaccine for nasal administration. The vaccine has shown protective 
efficacy in humanized mice and is planned to enter clinical trials in 2005. 

• PowderJect (USA) is working on novel means of influenza vaccine delivery eliciting a 
higher antibody response than needle and syringe delivery. 

• DNA vaccines for influenza are still at an early stage due to poor immunogenicity 
results of naked DNA in humans. 

• Finally, a recombinant particulate vaccine has been engineered by genetically fusing 
copies of the influenza virus M2 protein to the hepatitis B core antigen (HBc). The (M2)
HBc fusion protein spontaneously assembled into virus-like particles (VLP) that 
provided complete protection against a potentially lethal influenza virus A challenge in 
mice. Similarly, a M2 peptide was conjugated with Neisseria meningitidis outer 
membrane protein complex (OMPC) and recently evaluated in animal models 
including monkeys. M2 is a highly conserved transmembrane protein in the virion. 
These approaches might thus serve as a basis for an universal influenza vaccine with 
broad spectrum of protective activity. 

Source: www.who.int (last visited: 12 august 2007) 

63 



B Organisational Structure BGI 

Global Project 
Coordinator lnfluvac (NL} 

Registra tion 
(NL) 

Solvay Pharmaceuticals 
Board (Be) 

--·- ·--

International Marl(ellng J 

International Marketing 
lnRuvac Group (GER ) 

Business 
Development (BE) 

Global Medieal Manager 
lnfluvac Group (NL) 

Global Product Manager 
lnfluvac Grovp (NL) 

64 

National 
Organizations 

......................... ·-········-
Bulk Production 
Formula tion (NL) 

Filling and 
Packaging {NL ) 

l __ --·· ·····-·r-P-roi-·e_c_t _M_a_n-ag_e_r~ 
Production (NL) 



C Egg-Based Production Process 

The production of trivalent influenza bulk vaccine takes place in two basic steps: 
(An exteniseve description of the production process is to be found on the next page.) 

1. Production of inactivated virus concentrate: multiply the influenza seed virus. 
2. Vaccine formulation: the inactivated virus concentrate is down processed to either 

subunit or virosomal formulation and the monovalent bulk can then be blended into 
trivalent bulk vaccine. 

Embryonated 
Eggs 

Primary Seed 
Virus 

Seed f'rt:lpamllon 

VITTJS Propagation 

Vaccine Fonnl,llatlon 

Trivalam Bul.k 
Vaccine 
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The WHO makes a decision in February of each year on the influenza strains to be 
included in the following winter's vaccine for the Northern Hemisphere, and in August for the 
Southern Hemisphere. The WHO Collaborating Centres then release suitable prototype viruses 
("primary seed") to the manufacturers, of which Solvay Pharmaceuticals is one. These 
prototype viruses, currently comprising three influenza virus strains, were originally isolated 
from humans suffering from influenza. 

In Solvay's laboratories, each of the primary seed virus strains - one A-H3N2, one A
HlNl, and one B strain - are separately propagated in hens' eggs to produce larger amounts of 
the viruses, called the working seed virus stock. This secondary seed virus then serves as source 
for the production of virus batches on a large, industrial scale. 

The Influvac® production line starts with the injection of the secondary seed virus into 
embryonated chicken eggs. In this process, millions of 10- to 11-day-old embryonated eggs are 
automatically inoculated with a small amount of secondary seed virus. These eggs are from 
healthy flocks, and their outer shell surface, which is naturally contaminated with bacteria, has 
been washed with a disinfectant before inoculation. Viruses can only grow on live cells. After 
an incubation of three days at a temperature of 32 to 36 degrees Celsius, the liquid containing 
the virus particles is extracted from the eggs. Following inactivation of the viral RNA, the virus 
is clarified by centrifuge to remove large impurities and ultra-centrifuged to obtain a highly 
purified virus suspension. The viruses are now "dead", i.e., they cannot replicate any more. 
Then CTAB detergent is used for to remove hemagglutinin and neuraminidase (the "subunits") 
from the viral membrane. These subunits are separated from the membrane and the viral core 
by another ultra-centrifugation. These production steps are applied separately for each of the 
three vaccine components. 

In a last step, the components are combined in the correct proportion, and the mixture 
is filled into syringes of 0.5 ml. A syringe contains one dose of trivalent influenza vaccine in the 
required amount of 15 µg HA per strain (thus, 3 x 15 µg = 45 µg HA in total). Finally, the 
vaccine is tested and then marketed after approval by the Authorities in the country in 
question. 

To prevent contamination precautions are taken during filling of the syringes. Filling of 
the syringes is done in an isolator. An isolator is a closed unit and everything that enters the 
isolator is sterilised. In this way the sterility of the filling environment is secured and the 
chances of bacterial contamination are eliminated. 

Source: http://www.solvay-influenza.com (Last visited: 12 august 2007) 
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D Pharmaceutical R&D projects 

New drug development can proceed along varied pathways for different compounds, 
but a development paradigm has been articulated that serves well as a general model (Dimasi, 
2003). The paradigm portrays new drug development as process based on four main stages: 
drug discovery, preclinical testing, clinical trials, and the review process. 

It takes about 10-15 years to develop one new medicine from the time it is discovered to 
when it is available for treating patients. The average cost to research and develop each 
successful drug is estimated to be $800 million to $1 billion. This number includes the cost of the 
thousands of failures: For every 5,000-10,000 compounds that enter the R&D pipeline, 
ultimately only one receives approval. 

The data presented in figure 0 .2 are based on information of the Pharmaceutical 
research and Manufactures of America (2007). See appendix E for more accurate and up-to-date 
data on R&D projects. 
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The Drug Discovery, Development and Review Process 
(Source: pharmaceutical research and Manufactures of America) 

During the first stage of drug discovery, numerous researchers from pharmaceutical 
companies, academia, and government search for and identify promising chemical entities, or 
compounds, capable of curing or treating diseases. Before any potential new medicine can be 
discovered, scientists work to understand the disease to be treated as well as possible, and to 
unravel the underlying cause of the condition. Once they have enough understanding of the 
underlying cause of a disease, pharmaceutical researchers select a "target" for a potential new 
medicine. A target is generally a single molecule, such as a gene or protein, which is involved in 
a particular disease. Scientists must show that the target actually is involved in the disease and 
can be acted upon by a drug. Armed with their understanding of the disease, scientists are 
ready to begin looking for a drug. They search for a molecule, or "lead compound," that may 
act on their target to alter the disease course. Lead compounds go through a series of tests to 
provide an early assessment of the safety of the lead compound. Lead compounds that survive 
the initial screening are then "optimised," or altered to make them more effective and safer. 
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Preclinical Testing 

These discovery programs result in a number of promising compounds for the second 
stage, the preclinical testing. With one or more optimised compounds in hand, researchers turn 
their attention to testing them extensively to determine if they should move on to testing in 
humans. Scientists carry out in vitro and in vivo tests. In vitro tests are experiments conducted 
in the lab, usually carried out in test tubes and beakers and in vivo studies are those in living 
cell cultures and animal models. Scientists try to understand how the drug works and what its 
safety profile looks like. Most compounds fail during the first two stages. 

Clinical Trials 

If the compound has shown enough potential, a drug developer may decide to test it as 
a new drug on humans, and proceeds to the third stage, clinical trials. The clinical trial stage 
typically proceeds through three successive phases. In phase I clinical trials, safety studies are 
conducted on a small number of usually healthy volunteers. In this phase, potential side effects 
are identified and various dosage levels are determined. In Phase II clinical trials the drug is 
typically tested on volunteers who have the targeted disease or condition. These tested are 
designed to obtain evidence on safety and to determine the drug's preliminary effectiveness. 
The number of volunteers tested in this phase is larger than in phase I and may number in the 
hundreds. Finally, in phase III clinical trials large scale tests are done to firmly establish efficacy 
and to uncover side effects that occur infrequently. These tests are often executed by multiple 
test centres and the number of volunteers tested can total in the thousands. 

Application submission and market authorisation 

The fourth and final stage is the review stage, which covers the review and final 
approval of the drug. Once drug developers believe that they have enough evidence of safety 
and efficacy, they will compile the results of their testing in an application to regulatory 
authorities for marketing approval. The review process begins when the dossier is submitted to 
the regulatory authorities. The registration authorities evaluate data contained in the dossier to 
determine whether the drug meets these standards and if it should be approved. Questions that 
are addressed in the review process are: Has an acceptable balance between benefits and risks 
been achieved? What information the package should contain to guide physicians in the use of 
the new drug? Do the methods used to manufacture the drug ensure its quality? 

The review process may span several review cycles. The first cycle begins when the 
dossier is submitted to and filed, indicating that the application is sufficiently complete to 
permit a substantive review. The first cycle ends when the regulatory authorities have 
completed their review and respond by issuing an action letter to the drug developer. This 
could mean that the application is approved, that more information was needed, or that it 
contained significant weaknesses and was not approvable. If the application is approved in the 
first cycle, the total approval time is the length of that cycle. For those drugs not approved 
during the first review - both approvable and not approvable - the second cycle begins when 
the developer files an amendment and resubmits the application and it is filed. The 
resubmission often contains additional studies, analyses, data, or clarifying information to 
address concerns raised by authorities in the previous review. As with the first cycle, this cycle 
ends when the review is completed and an action letter is issued to the developer. 
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Manufacturing 

Going from small-scale to large-scale manufacturing is a major undertaking. In many 
cases, companies must build a new manufacturing facility or reconstruct an old one because the 
manufacturing process is different from drug to drug. Each facility must meet strict regulatory 
guidelines. Making a high-quality drug compound on a large scale takes great care. There are 
few, if any, other businesses that require this level of skill in manufacturing. 

Ongoing Studies and Phase 4 Trials 

Research on a new medicine continues even after approval. As a much larger number 
of patients begin to use the drug, companies must continue to monitor it carefully and submit 
periodic reports, including cases of adverse events. In addition, the regulatory authorities 
sometimes requires a company to conduct additional studies on an approved drug in "Phase 4" 
studies. These trials can be set up to evaluate long-term safety or how the new medicine affects 
a specific subgroup of patients. 
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E CMR Benchmark data on R&D processes 

Centre for Medicines Research (CMR) is the foremost provider of R&D performance 
metrics to the pharmaceutical industry. It is an independent institute, working together with 
most pharmaceutical companies. It collects R&D data from the participating companies, 
analysis it and create an anonymous dataset. The following data is based on the CMR 
International report 2006. 

Target 
Discovered 

Preclinical 
Decision 

First Human 
Dose 

First 
Submission 

~~' I 
D. ~R h Preclinical 

1scovery ~----J 

3.4 Years 1.5 Years 

Clinical 
Evaluation 

5.9 Years 

(of which : 
2 .1 years 

Clinical Studies) 

Review 
Process 

(EMEA) 
1.3 Years 

First Market 
Launch 

Other 
Activities 

Key Message: Research and development of new medicines is a lengthy process, taking 
over 11.5 years from the identification of a suitable drug target to the introduction of a new 
medicine. 

The R&D expenditures per project from the preclinical decision to the first submission 
are estimated at >40 million USD. 

70 



F Task Force 

Management Team 
Influenza (MTI) 

··-~ 
Project Planning Project Manager 

M. Snoek 8 . Plekkenpol 

Taskforce Optimization Production Process Cell Culture 

8 . Plekkenpol: Project Manager 
S. Smeele: Project Support 

D. Leyssius: Manager Influenza R&D 
G. Rigter: Manufacturing Engineering 

P. Rouwette: Manufacturing Technology 
R. 8omans: Quality Control 

J. Medema: Interface Weesp-USA 
M. Pagany: Work Group Up Stream 

J. Louwerens: Work Group Down Stream 
C. Marsman: Work Group Validations 

P. v. Moer: Work Group Contamination 

I I 
Contamination Up Stream Down Stream Validations 

(4) (4) (4) (4) 
P. v. Moer M. Pagany J. Louwerens C. Marsman 

71 



References 

Aken, J.E. van (1994), Strategievorming en Organisatiestructurering: Organisatiekunde vanuit 
de Ontwerpbenadering, Kluwer, Deventer 

Albernathy, W.J. and Clark, KB. (1985), Innovation: Mapping the Winds of Creative 
Destruction, Research Policy, Vol. 14 

Ancona, D.G. and Caldwell, D.F. (1992a), Demography and Design: Predictors of New Product 
Team Performance, Organization Science, Vol. 3(3) 

Ancona, D.G. and Caldwell, D.F. (1992b), Bridging the Boundary: External Activity and 
Performance in Organisational Teams, Administrative Science Quarterly, Vol. 37(4) 

Assink, M. (2006), Inhibitors of Disruptive Innovation Capability: a conceptual Model, 
European Journal of Innovation Management, Vol. 9(4) 

Balachandra, R. and Frair, J.H. (1997), Factors for Succes in R&D Projects and New Product 
Innovation: A Conceptual Framework, IEEE Transactions on Engineering Management, 
Vol. 44(3) 

Bentley, K (1990), A Discussion of the Link Between One Organization's Style and Structure 
and Its Connection With Its Markets, Journal of Product Innovation Management, Vol. 7 

Barclay, I. (1992), The New Product Development Process: Past Evidence and Future Practical 
Application, R&D Management, Vol. 22(3) 

Berez, S. and Zook, C. (2004), Branching Out from The Core, Optimize, Feb 2004 

Brown, S.L. and Eisenhardt, KM. (1995), Prodcut Development: Past Research, Present 
Findings, and Future Directions, Academy of Management Review, Vol. 20(2) 

Brown, S.L. and Eisenhardt, KM. (1997), The Art of Continuous Change: Linking Complexity 
Theory and Time-Paced Evolution in Relentlessly Shifting Organizations, Administrative 
Science Quarterly, Vol. 42 

Cardinal, L.B. (2001), Technological Innovation in the Pharmaceutical Industry: the Use of 
Organizational Control in Managing Research and Development, Organization Science, 
Vol. 12(1) 

Cassiman, B. and Veugelers, R. (2006), In Search of Complementarity in Innovation Strategy: 
Internal R&D and External Knowledge Acquisition, Management Science, Vol 52(1) 

Chesbrough, H.W. (2003), The Era of Open Innovation, MIT Sloan Management Review, Spring 
2003 

Christensen, C.M., Johnson, M.W. and Rigby, D.K (2002), Foundations Of Growth: How to 
Identify and Build Disruptive New Businesses, MIT Sloan Management Review, Spring 
2002 

72 



Clarck, K.B. and Wheelwright, S.C. (1992), Organizing and Leading Heavyweight Development 
Teams, California Management Review, Vol. 34(3) 

CMR (2006), CMR international 2006/2007 Pharmaceutical Factbook, Confidential 

Cooper, R.G. and Kleinschmidt, E.J. (1986), An Investigation into the New Product Process: 
Stepps, Deficiencies, and Impact, Journal of Product Innovation Management, Vol. 3 

Cooper, R.G. and Kleinschmidt, E.J. (1987), New Products: What Separates Winners from 
Losers?, Journal of Product Innovation Management, Vol. 4 

Coopey, J. and Burgoyne, J. (2000), Politics and Organizational Learning, Journal of 
Management Studies, vol 37(6) 

Craig, A. and Hart, S. (1992), Where to Now in New Product Development Research?, European 
Journal of Marketing, Vol. 26(11) 

Danneels, E. (2002), The Dynamics of Product Innovation and Firm Competences, Strategic 
Management Journal, Vol. 23 

DiMasi, J.A., Hansen, R.W. and Grabowski, H.G. (2003), The price of Innovation: New Estimates 
of Drug Development Costs, Journal of Health Economics, Vol. 22 

Eisenhardt, K.M. and Trabizi, N.T. (1995), Accelerating Adaptive Processes: Product Innovation 
in the Global Computer Industry, Administrative Science Quaterly, Vol. 40(1) 

Gatignon, H ., Tushman, M.L., Smith, W. and Anderson, P. (2002), A Structural Approach to 
Assessing Innovation: Construct Development of Innovation Locus, Type, and 
Characteristics, Management Science, Vol. 48(9) 

Govindarajan, V. and Kopalle, P.K. (2006), Disruptiveness of Innovations: Measurement and an 
Assessment of Reliability and Validity, Strategic Management Journal, Vol. 27 

Gilbert, J., Henske, P. and Singh, A. (2003), Rebuilding Big Pharma's Business Model, In Vivo: 
The Business and Medicine Report, Vol. 21(10) 

Grabowski, H. and Vernon, J. (1990), A New Look at the Returns and Risks to Pharmaceutical 
R&D, Management Science, Vol. 36(7) 

Graves, S.B. and Langowitz, N.S. (1993), Innovative Productivity and Returns to Scale in the 
Pharmaceutical Industry, Strategic Management Journal, Vol. 14(8) 

Griffin, A. and Hauser, J.R. (1996), Integrating R&D and Marketing: a Review and Analysis of 
the Literature, Journal of Product Innovation Management, Vol. 13 

Griffin, A. and Page, A.L. (1996), PDMA Succes Measurement Project: Recommended Measures 
for Product Development Success and failure, Journal of Product Innovation 
Management, Vol. 13 

Hansen, M.T. (1999), The Search-Transfer Problem: The Role of Weak Ties in Sharing 
Knowledge Across Organization Subunits, Administrative Science Quarterly, Vol. 44(1) 

73 



Howell, J.M. and Shea, C.M. (2006), Effects of Champion Behavior, Team Potency, and External 
Communication Acitivities on Predicting Team Performance, Group and Organization 
Management, Vol. 31(2) 

Huber, G.P. (1991), Organlzational Learning: the Contributing Processes and the Literatures, 
Organization Science, Vol. 2(1) 

Katz, R. (1982), The Effects of Group Longevity on Project Communication and Performance, 
Administrative Science Quaterly, Vol. 27(1) 

Keller, RT. (1986), Predictors of the Performance of Project Groups in R&D Organizations, The 
Academy of Management Journal, Vol. 29( 4) 

Kim, W.C. and Mauborgne, R. (2004), Value Innovation: The Strategic Logic of High Growth, 
Harvard Business Review, July-August 2004 

Klein, KL. and Sorra, J.S. (1996), The Challenge of Innovation Implementation, The Academy of 
Management Review, Vol. 21(4) 

Krishnan, V. and Ulrich, KT. (2001), Product development Decisions: A Review of the 
Literature, Management Science, Vol. 47(1) 

Leonard-Barton, D. (1992), core Capabilities and Core Rigidities: A Paradox in Managing New 
Prodcut Development, Strategic Management Journal, Vol. 13 (special issue: summer 
1992) 

McDonough, E.F. and Barzak, G. (1991), Speeding Up New Product Development: The Effects 
of Leadership Style and Source of Technology, Journal of Product Innovation 
Management, Vol. 8 

McDonough, E.F. (2000), Investigation of Factors Contributing to the Succes of Cross-Functional 
Teams, Journal of Product Innovation Management, Vol. 17 

MedAdNews (2005), Top 50 Pharmaceutical Companies, http://www.madadnews.com (last 
visited: March 26, 2007) 

Montoya-Weiss, M.M. and Calantone, R. (1994), Determinants of New Product Performance: a 
Review and Meta-Analysis, Journal of Product Innovation Management, Vol. 11 

Neumann, G., Fuij, K, Kino, Y. and Kawaoka, Y. (2005), An Improved Reverse Genetics System 
For Influenza A Virus Generation and its Implications for Vaccine Production, PNAS, Vol 
102(46) 

Nohria, N. and Gulati, R (1996), Is Slack Good or Bad for Innovation?, Academy of Management 
Journal, Vol. 39(5) 

PhRMA (2006, 2007), Drug Discovery and Development: Understanding the R&D Process, 
http://www.innovation.org (last visited: august 12, 2007) 

74 



Pinto, M.B. and Pinto, J.K. (1990), Project Team Communication and Cross-Functional 
Cooperation in New Program Development, Journal of Product Innovation Management, 
Vol. 7 

Porter, M.E. (1980), Competitive Strategy: Techniques for Analysing Industries and 
Competitors, The Free Press, New York 

Prahalad, C.K. and Hamel, G (1990), The Core Competence of the Corporation, Harvard 
Business Review, May-June 1990 

Rigby, D. and Zook, C. (2002), Open Market Innovation, Harvard Business Review, Vol. 80(10) 

Roberts, E.B. and Fusfield, A.R. (1981), Staffing the Innovative Technology-Based Organization, 
Sloan Management Review, Vol. 22(3) 

Syamil, A., William, J.D., Apigian, C.H. (2004), Process Performance in Product Development: 
Measures and Impacts, European Journal of Innovation Management, Vol. 7(3) 

Tatikanda, M.V. and Montoya-Weiss, M.M. (2001), Integrating Operations and Marketing 
Perspectives of Product Innovation: The Influence of Organizational Process Factors and 
Capabilities on Development Performance, Management Science, Vol. 47(1) 

Thamhain, H.J. (2004), Team Leadership Effectiveness in Technology-Based Project 
Environments, Project Management Journal, Vol. 35(4) 

Tushman, M.L. and Anderson, P. (1986), Technical Discontinuities and Organizational 
Environments, Administrative Science Quarterly, Vol. 31(3) 

Weggeman, M., Wijnen, G. and Kor, R. (2000), Ondernemen Binnen de Onderneming, Samson, 
Alphen aan den Rijn 

Westerman, G., McFarlan F.W. and Iansit, M. (2006), Organization Design and Effectiveness 
over the Innovation Life Cycle, Organization Science, Vol. 17(2) 

Zook, C. (2004), Increasing the Odds of Succesful Growth: the Critical Prelude to Moving 
Beyond the Core, Strategy and Leadership, Vol. 32(4) 

75 


