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THE NEW SCIENCE AND THE NEW 
BIOTECHNOLOGY

Molecular biology, networks, barriers



Molecular biology: the basis of 
modern biotechnology

• 1938: the first occasion 
that the phrase 
‘molecular biology’ 
appeared in print

Witkowski J (1988) Fifty years on: 
molecular biology’s hall of fame. 
Trends in Biotechnology 6:234-
243



The new science of Molecular Biology 

• Key advances, 1938-1988
1938: The term “molecular biology” is used for the first 

time (Warren Weaver, Rockefeller Foundation)
1944: Transformation of Pneumococcus by DNA (Avery)
1953: DNA as a double helix (Watson & Crick)
1961: Theory of the operon (Jacob & Monod)
1972: Recombinant DNA (Paul Berg)
1975: Monoclonal antibodies (Kohler & Milstein)
1977: DNA sequencing (Gilbert; Sanger)
1985: Polymerase Chain Reaction (PCR; Kary Mullis)
… …

Witkowski J (1988) Fifty years on: molecular biology’s hall of fame. 
Trends in Biotechnology 6:234-243



Evolution of the scientific enterprise
(Barabási AL (2005) Science 308:639-641)
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The new industry of Biotechnology

• 1978: Genentech and Eli Lilly produce insulin

• 1980: Biogen produces interferon

• 1988: five proteins from genetically engineered 
cells approved as drugs by the Food and Drug 
Administration (FDA)
– Synthetic insulin, human growth hormone, hepatitis B 

vaccine, alpha-interferon, tissue plasminogen 
activator

• End of 1990s’: > 125 genetically engineered drugs 
approved



From bench to bed:
Crossing the Valley of Death

Butler D (2008) Translational 

research: crossing the valley of 

death. Nature 453: 840-842 



From bench to bed:
Crossing the Valley of Death



Big Pharma and the Valley of 
Death





Deconstructing the Drug Development 
Process: The New Face of Innovation

• Forged in the early 1960s, the paradigm for pharmaceutical 
innovation has remained virtually unchanged for nearly 50 years. 
During a period when most other research-based industries have 
made frequent and often sweeping modifications to their R&D 
processes, the pharmaceutical sector continues to utilize a drug 
development process that is slow, inefficient, risky, and expensive. 

• Few who work in or follow the activities of the pharmaceutical 
industry question whether change is coming. They know that the 
pharmaceutical sector, as currently structured, is unable to deliver 
enough new products to market to generate revenues sufficient to 
sustain its own growth. Nearly all major drug developers are 
critically examining current R&D practices and, in some cases, 
considering a radical overhaul of their R&D models. But key 
questions remain. What will the landscape for pharmaceutical 
innovation look like in the future? And, who will develop 
tomorrow's medicines?



Deconstructing the Drug Development 
Process: The New Face of Innovation
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Deconstructing the Drug Development 
Process: The New Face of Innovation



THE CHALLENGE OF NEGLECTED 
DISEASES

They desperately need new tools and interventions 



Neglected diseases, neglected populations



Kimalel Health Centre, Ministry of Health of Kenya, a KEMRI-DNDi partnership
http://picasaweb.google.com/cmmorel/20090620To25Kenya#

http://picasaweb.google.com/cmmorel/20090620To25Kenya




Malaria: the challenge
• People at risk of malaria: > 2 billion

• Malaria cases each year: 500 
million

• Malaria deaths each year: 1 million





Critical scientific breakthroughs
of the 1960s-70s

American Journal of the Medical 
Sciences, 266:169-177, 1973

Nature, 216:160-162, 
1967



Scientific breakthroughs – 1980s’



Technological developments

• 1984: GlaxoSmithKline (GSK) and the Walter 
Reed Army Institute of Research (WRAIR) 
entered into a Collaborative R&D Agreement
to produce a malaria vaccine using genetic 
engineering techniques and expression 
systems developed at GSK

– End of 80s, early 90s: widespread disappointment

– Early 80s: GSK Hepatitis B recombinant vaccine 
produced in yeast



Technological breakthrough:
RTS,S malaria vaccine candidate



Technological breakthrough:
RTS,S malaria vaccine candidate

• Faced with turning the repeating fragment 
from the protein into a real vaccine, Cohen 
decided to use lessons that the company had 
learned from its successful development of a 
recombinant hepatitis B vaccine, Engerix-B

• That vaccine consisted of a surface antigen 
protein from hepatitis grown in yeast; at high 
enough concentrations that protein 
spontaneously forms virus-like particles that 
have a greater effect on the antibody-making 
parts of the immune system than loose 
proteins could

• Fusing the repeat region from the CSP to the 
hepatitis surface antigen protein, Cohen 
hoped, would make similar particles 
festooned with the CSP fragments and thus 
able to provoke the production of antibodies 
targeted at the sporozoites.



Technological breakthrough:
RTS,S malaria vaccine candidate

• Given a widespread suspicion that antibodies 
wouldn't be enough to elicit immunity, Cohen 
went on to add a fragment from the tail end of 
the CSP that was thought likely to interest the 
other arm of the immune system — the arm 
that prompts T cells to attack infected cells

• The resultant “double whammy”, as Cohen 
calls it, was a gene for a protein containing the 
antibody-inducing repeat (R), the portion 
recognized by T cell white blood cells (T) and 
the hepatitis B surface antigen (S).

• With all these additions, though, the surface 
antigen protein lost its knack for self assembly. 
Through a lot of fine tuning, Cohen finally hit 
on a way to regain it:
one part RTS to four parts plain old S

• RTS,S was born



Technological breakthrough:
RTS,S malaria vaccine candidate

• Given a widespread suspicion that antibodies 
wouldn't be enough to elicit immunity, Cohen 
went on to add a fragment from the tail end of 
the CSP that was thought likely to interest the 
other arm of the immune system — the arm 
that prompts T cells to attack infected cells

• The resultant “double whammy”, as Cohen 
calls it, was a gene for a protein containing the 
antibody-inducing repeat (R), the portion 
recognized by T cell white blood cells (T) and 
the hepatitis B surface antigen (S).

• With all these additions, though, the surface 
antigen protein lost its knack for self assembly. 
Through a lot of fine tuning, Cohen finally hit 
on a way to regain it:
one part RTS to four parts plain old S

• RTS,S was born

Model: Cytos Biotechnology



A critical development:
a new adjuvant system



2006: Malaria Vaccine Technology 
Roadmap launched

• The World Health Organization, PATH 
MVI, the Bill & Melinda Gates 
Foundation and the Wellcome Trust, 
together with representatives of the 
European and Developing Countries 
Clinical Trials Partnership (EDCTP), 
the European Malaria Vaccine 
Initiative (EMVI), the European 
Commission (Directorate General for 
Research), the United States National 
Institute for Allergy and Infectious 
Diseases (NIAID), and the United 
States Agency for International 
Development (USAID) form part of a 
malaria vaccine funders' group, with 
the WHO Initiative for Vaccine 
Research as its focal point. The 
group's participation and support 
was critical to the Roadmap process.



Public-Private Partnerships support 
large-scale clinical trials of RTS,S

• PATH (Program for Appropriate Technology in 
Health)Malaria Vaccine Initiative (MVI) and 
GlaxoSmithKline (GSK) Biologicals, in collaboration with 
Africa-based research institutions, have completed 
Phase 2 clinical trials of GSK’s candidate vaccine RTS,S 
in Mozambique, Tanzania, Gabon, Ghana, and Kenya

• A large-scale Phase 3 trial—the last stage of 
development before the vaccine is submitted to 
regulatory authorities—was launched in May 2009. 
That trial includes additional sites in Burkina Faso, 
Kenya, and Malawi.



RTS,S Clinical Research Center Network
(source: Christian Loucq, MD Director, PATH Malaria Vaccine Initiative)



Hard work, collaboration and critical breakthroughs 
generated a robust candidate malaria vaccine

• Scientific breakthroughs
– Research findings

– New science of molecular biology

• Technological breakthroughs
– Hepatitis B virus-like proteins & CSP protein

– New adjuvants

• Management and financial breakthroughs
– Partnerships for Product Development (PDPs)

– Malaria vaccine funders’ group (WHO/IVR)



ACCESS, ACCESS, ACCESS
Innovation, intellectual property rights, prices, and policies



What will be needed if a new drug or 
vaccine a comes through? Answer: ACCESS

“We live in an extraordinary time in the 
history of public health: never before has 
the world had such powerful 
technologies to fight disease and improve 
lives. Yet medical breakthroughs mean 
little if they fail to reach those in greatest 
need. Today, millions of people in the 
poorest countries do not have access to 
effective vaccines, medicines, and other 
life-saving tools (…)
I am hopeful that in the coming years, 
the speed of improvements in global 
health will continue. With dedication and 
ingenuity, we can create a world in 
which all people have access to the tools 
they need to live healthy, productive 
lives.”
Tadataka Yamada, M.D.
President, Global Health Program
Bill & Melinda Gates Foundation

http://www.accessbook.org

http://www.accessbook.org


A Global Strategy and a Plan of Action



Be coherent on access and delivery

“…encourage and support the 
application and management 
of intellectual property in a 

manner that maximizes 
health-related innovation, 
especially to meet the R&D 

needs of developing countries, 
protects public health and 

promotes access to medicines 
for all, as well as explore and 

implement, where 
appropriate, possible incentive 

schemes for R&D”



From TRIPS-Minus, to TRIPS, to TRIPS-Plus

• “…during the past few years, a number of 
countries have adapted and incorporated more 
enhanced levels of IPR protection unwillingly as a 
result of pressures exerted on them by the 
industrialized countries, either under the WTO or 
under some bilateral free trade agreements. The 
latter trend was championed by the United 
States and the European Union in their latest 
free trade and association agreements…”

El-Said M (2005) The Road from TRIPS-Minus, to TRIPS, to TRIPS-Plus. Implications of IPRs 
for the Arab World. The Journal of World Intellectual Property 8(1):53-65



Coherence



Coherence?





Industrialized countries:
Two options ahead



Drug reforms and ambulatory care 
initiatives in Sweden

Godman B et al (2009) Multifaceted national and 
regional drug reforms and initiatives in ambulatory 
care in Sweden: global relevance. Expert Review of 
Pharmacoeconomics & Outcomes Research 9:65-83 

• Three principles

– Swedish residents 
should have equal access 
to high-quality care, 
irrespective of their 
status and income

– Patients in greatest need 
take precedence

– Treatment choices 
should consider both 
costs and outcomes



2002: Mandatory generic substitution

• Only the cheapest 
substitutable product 
available in the 
community pharmacy is 
reimbursed

• Medical Products 
Agency reviews and 
decides which products 
are substitutable

Godman B et al (2009) Multifaceted national and regional drug reforms and initiatives in ambulatory care in 
Sweden: global relevance. Expert Review of Pharmacoeconomics & Outcomes Research 9:65-83 



Limiting pharmaceutical company 
activity

• National agreements signed 
between Swedish 
Association of 
Pharmaceutical Industries 
and the Swedish Medical 
Association limiting contact 
with physicians and 
healthcare professionals

• Funding for attending 
congresses changed with 
funding for travel and 
accommodation divided 
between councils and 
companies 

Godman B et al (2009) Multifaceted national and regional drug reforms and initiatives in ambulatory care in 
Sweden: global relevance. Expert Review of Pharmacoeconomics & Outcomes Research 9:65-83 



Factors influencing pharmaceutical 
expenditure (Godman et al, 2009)

Godman B, Wettermark B, Hoffmann M, Andersson K, Haycox A, Gustafsson LL (2009) Multi-
faceted national and regional drug reforms and initiatives in ambulatory care in Sweden: 
global relevance. Expert Review of Pharmacoeconomics & Outcomes Research, 2009, 9, 65-83 



Intellectual property rights and innovation in 
developing countries

47

IP not 
protected

IP highly 
protected

Chen Y, Puttitanun T: Intellectual property rights and innovation in developing 
countries. Journal of Development Economics 2005, 78:474-493.



Chen Y, Puttitanun T: Intellectual property rights and innovation in developing 
countries. Journal of Development Economics 2005, 78:474-493.

Intellectual property rights and innovation in 
developing countries
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IP 
protection 

due to 
external 
pressure

IP 
protection 

due to 
country’s 
decision

IP policy in 
transition



Brazil’s policy on intellectual property: 
opinion of a multinational CEO

• "A decisão de investir no Brasil reflete a estabilidade 
e previsibilidade política e jurídica do país, a 
existência de forte lei de propriedade intelectual, 
sólidas políticas de saúde na área de prevenção de 
doenças com um programa de imunização 
reconhecido como um dos melhores do mundo, 
além de uma agência reguladora pré-qualificada 
pela Organização Mundial de Saúde (OMS) para 
suporte a planos de exportação”

• “The decision to invest in Brazil reflects the stability 
and the legal and political predictability of the 
country, the existence of a strong law protecting 
intellectual property, solid health policies on 
disease prevention based on an immunization 
program recognized as one of the best in the world, 
in addition to a WHO pre-qualified regulatory 
agency to support export plans”

Source: Valor Econômico, August 26, 2010



Thank you
Muito obrigado

morel@cdts.fiocruz.br

Center for Technological Development in Health (CDTS at Fiocruz)

http://www.cdtsfiocruz-english.blogspot.com
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