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Years ago, as a student, I went on a two-day trek in the Himalayas 
to a Hindu pilgrimage site – the ‘Amarnath* Cave’ – during an 
extended trip through India. To reach the cave you had to hike for 
two days through the mountains, staying overnight at a campsite. 
�e special thing about this pilgrimage was that at the time the 
only way to get to the cave was on foot, on horseback, or in a 
sedan chair. �e same applies to many pilgrimages: you have 
to walk the walk, although in Europe you usually also have the 
option to reach your destination easily using modern means 
of transport. For me, the visit to this Hindu pilgrimage site in 
the Himalayas was just a tourist experience. At the same time, 
however, it impressed upon me that you have to take one step at 
a time if you want to achieve a goal. Even though that �rst step is 
only a drop in the ocean compared to the journey ahead, you’ll 
never reach your destination unless you start by taking it. Only 
the e�ort of stringing lots of steps together, one a�er the other, 
will lead to success. 

Symbolically, this can also apply to the fight against 
cancer. Many times there have been hopes, and sometimes even 
announcements, of a breakthrough in cancer treatment that 
later turn out to be at best one step towards the ultimate goal 
of successfully treating cancer. Roche has been pursuing this 
path for many years now in a series of ‘step by step’ gradually 
approaching the �nish line. �e products launched under the 
brand names 5-FU, Efudix, Natulan, Vesanoid, Roferon, Xeloda, 
Rituxan, Mab�era, Herceptin, Avastin, Perjeta, Cotellic, Gazyva, 
Alecensa and Tecentriq are milestones in this �ght, marking our 
gradual progress. In some cases, we can even say we have achieved 
a ‘moonshot at cancer’, given that certain forms of cancer can 
actually be cured using some of these medicines. And yet Roche 
has never been content with what it has achieved; rather, we have 
consistently reinvested the proceeds from the medicines brought 
to market into further research in order to make headway in our 
chosen direction. What is imperative in this regard is society’s 
provision of e�ective patent protection as the foundation for 

Foreword
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continued research. Patent protection allows exclusive use of the 
patent for a very limited time, and the marketing of the medicines 
protected by the patent. �e �nancial success this brings allows 
us to compensate the investors who bear the risk of a failure and 
to continue �nancing our expenditure on research. Without this 
incentive, it would be almost impossible to advance our research 
for the bene�t of patients.

This book is dedicated to all the Roche researchers, 
employees and investors who have supported Roche and helped 
promote the �ght against cancer. At the same time, it is intended 
to motivate us to continue on this path. If Roche ultimately does 
achieve further successes in the �ght against cancer, it may not 
unlock the secret of immortality, as in the story of the ‘Amarnath 
Cave’, but it will considerably alleviate – or even completely avert 
– many unfortunate blows of fate.

Dr Gottlieb Keller
General Counsel and Member of the  
Corporate Executive Committee
F. Ho�mann-La Roche Ltd

* In the Amarnath Cave, Shiva 
is said to have shared the 
secret of immortality with his 
consort Parvati. The couple 
chose this remote location 
to ensure that no other 
living thing would be able to 
learn their secret. However, 
some time later two doves 
hatched from a nest under a 
rock, and as they had heard 
Shiva’s account, they became 
immortal. Many pilgrims claim 
to have seen the two doves 
on their way to the cave.
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1. Drugs and cancer: from chemotherapy to 
molecular biology

�is book tells the story of Roche’s engagement with oncology 
from the 1950s to circa 2010, using the Roche story as a case 
study for the role of industry in the search for chemical and 
biological cancer medicines. Cancer medicine at Roche began 
with 5-�uorouracil (short: 5-FU), a drug which underwent �rst 
clinical tests in 1956 and was approved by the Food and Drug 
Administration (FDA) for ‘the chemical treatment of cancer’ in 
the United States in 1962. 5-FU stops the enzyme thymidylate 
synthase from working, which interrupts the replication of DNA 
and so stops cells from dividing and tumours from growing. �e 
American oncologist Vincent DeVita has described the drug 
as ‘the �rst real targeted therapy’.1 Although more than half a 
century old, 5-FU is still extensively studied, with nearly 2500 
entries in the clinical trials database ClinicalTrials.gov in 2019. 
5-FU was soon followed by a second Roche chemotherapy drug, 
procarbazine, which interferes with cell division by binding to 
DNA. Procarbazine was marketed as Natulan in Europe and 
Matulane in the US. �e drug was �rst tested clinically in 1964 
and received FDA approval in 1969.2

Both 5-FU and Natulan were included in pioneering 
combination chemotherapy regimens developed by clinical 
researchers at the US National Cancer Institute (NCI) in the 
1960s, which demonstrated that some cancers could indeed be 
cured by way of chemotherapy. Both 5-FU and procarbazine 
are included in the World Health Organization’s (WHO) list 
of essential medicines, the most e�ective and safe medicines, 
which the WHO recommends should be available in any health 
system. 5-FU and procarbazine are no longer marketed by Roche, 
but are available in many generic versions. In India, a 10ml vial 
with 500mg injectable generic 5-FU can be purchased today 
for just over 20 rupees, which is about 30 US cents. 10 250mg 
capsules cost about 65 rupees, just under one dollar. And 10 

Introduction: 
cancer and the pharmaceutical industry

1 Vincent T. DeVita and Elizabeth DeVita-
Raeburn, The Death of Cancer: After Fifty 
Years on the Front Lines of Medicine, a 
Pioneering Oncologist Reveals Why the War 
on Cancer Is Winnable – and How We Can 
Get There (New York: Farrar, Straus and 
Giroux, 2015), 154.

2 Procarbazine is also still studied, but less 
intensely than 5-FU. At the time of writing 
there are 81 entries in ClinicalTrials.gov.
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grams of 5-FU cream for topical applications are available for 
200 rupees, just under 3 dollars. 5-FU is a direct precursor of 
Xeloda (capecitabine), which was developed at Roche’s research 
centre in Kamakura, Japan, approved for medical use in 1998, and 
is still part of Roche’s current oncology portfolio. 

In 1986, Roferon-A, a form of interferon was approved for 
the treatment of hairy cell lymphoma and Kaposi sarcoma, one of 
the �rst of a completely new type of biological agents, a protein 
molecule produced using a new biotechnological method, which 
mediated a response of the immune system against viruses and 
cancer. Roferon-A was a product of much research in molecular 
biology, including at two research institutes funded by Roche, 
and the application of innovative biotechnological approaches. 
It transformed Roche’s approach to drug development well 
beyond oncology. �e cloning of interferon was the �rst project in 
which Roche collaborated with Genentech, a pioneering biotech 
company based in San Francisco. In 1990, Roche purchased 60 
percent of Genentech’s shares, and in 2008 the remaining shares 
it did not own. 

�e next generation of cancer drugs were developed wholly 
or in part by Genentech scientists, and marketed by Genentech 
in the US and Roche in the rest of the world. Trastuzumab 
(Herceptin), rituximab (Mab�era/Rituxan) and bevacizumab 
(Avastin) are biotechnologically re-engineered monoclonal 
antibodies. Antibodies are proteins which the body releases into 

NatulanRoferon-A vial and solution
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the blood, and which speci�cally bind to antigens, features on 
the surface of bacteria or viruses, making these intruders visible 
to other components of the immune system, which then destroy 
them. �e new monoclonal antibody drugs speci�cally bound to 
targets that played roles in molecular processes related to tumour 
growth. 

Trastuzumab, marketed as Herceptin and �rst approved 
by the FDA for the treatment of advanced breast cancer in 1998 
selectively binds to a protein known as a growth factor receptor. 
�e receptor which trastuzumab blocks is particularly common 
on the surfaces of cancer cells in about 30 percent of breast cancer 
patients whose tumours test positive for a cancer gene, a so-called 
oncogene, known as HER2/neu. 

Genentech in South San Francisco, California (USA) 1990s
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Rituximab, marketed in Europe as Mab�era and in the US 
as Rituxan, and �rst approved in 1997 for the treatment of non-
Hodgkin’s lymphoma, a cancer of the immune system, speci�cally 
binds to B-cells, a type of immune cell that turns malignant in this 
disease. Rituximab was developed jointly with a San Diego-based 
biotech company, IDEC, and �rst approved in 1997. 

Bevacizumab (brand name: Avastin) docks to VEGF, 
vascular epidermal growth factor, a protein that controls the 
development of blood vessels in a process known as angiogenesis, 
and by doing so stops blood vessels from growing into tumour 
tissues, thus depriving the tumour cells of oxygen and nutrients. 
It was �rst approved for the treatment of advanced colorectal 
(bowel) cancer in 2004. 

Erlotinib, �nally, marketed as Tarceva and also approved 
in 2004, for advanced lung cancer, is not a monoclonal 
antibody. Developed initially by another small biotech �rm, OSI 
Pharmaceuticals, it is not a protein but a small molecule, much 
like traditional chemotherapy drugs, but it speci�cally blocks a 
receptor for Epidermal Growth Factor, EGRF. 

�e patents on rituximab expired in Europe in 2013 and 
in the US in 2018, and those on trastuzumab in 2014 and 2019. 
Trastuzumab was added to the WHO list of essential medicines in 
2015, and rituximab in 2019, and several �rms are in the process 
of developing biosimilars, generic versions of biological drugs, 
which are not identical but based on the same concepts, and 
with comparable e�ects. Erlotinib was also added to the essential 
medicines list in 2019.

�is book aims to bring an industry perspective to the story 
of modern cancer science, which has o�en been told without 
this perspective in mind, as a series of government initiatives 
and Eureka moments. �e book is based on extensive research 
in the Roche Historical Archive and conversations with some 
who experienced the developments covered in the later chapters, 
complemented by surveys of scienti�c journals and newspapers 
where adopting a wider perspective was necessary. �e story of 
the Roche cancer drugs illustrates the growing importance of the 
pharmaceutical industry in the history of cancer therapy since the 
mid twentieth century. 

In the 1950s and 1960s, cancer chemotherapy research was 
dominated by government agencies and above all the National 
Cancer Institute in the US, which managed and funded drug 
screening programmes and clinical trials. At that stage, no 
pharmaceutical company made much money with cancer drugs. 
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�e role of industry changed in the 1970s and 1980s, when 
investments in molecular biology and biotechnology were starting 
to bear fruit, and chemotherapy was increasingly accepted as 
a valuable part of routine cancer treatment, complementing 
the two older treatment modalities, surgery and radiotherapy. 
Increasingly more research was initiated and �nanced by industry: 
fundamental, technological and clinical, to accommodate new 
molecular approaches and more complex production methods, 
and to respond to regulatory requirements. 

�is book tells a story of increasing complexity at every 
level: as knowledge about molecular communication pathways in 
cells was getting more complex, so were the company structures, 
administrative requirements and production methods. The 
chapters in this book dealing with the development of Roferon-A 
illustrate the importance of mobilising seemingly mundane 
knowledge on regulation and production processes for creating 
a successful drug. By the early 2000s, following the success of the 
new monoclonal antibody drugs, the status of cancer medicines 
was changing fundamentally. �ese more speci�c drugs were a 
major focus of research and development, and a major source of 
income: by 2007, oncology drugs accounted for half of Roche’s 
sales income from pharmaceuticals. �e oncology market was also 
getting more crowded: many companies were directing e�orts and 
investments towards cancer drugs. �ese developments made the 
pharmaceutical industry more central than it had ever been to the 
quest for cancer therapies, but they also led to new challenges for 
individual patients and health services when it came to �nancing 
these much better and more e�ective, but also more expensive 
drugs.

2. Cancer before chemotherapy

Around the middle of the twentieth century, cancer, besides 
cardiovascular conditions such as heart attack and stroke, replaced 
tuberculosis as the leading cause of death in Europe and North 
America. As statistics of the World Health Organisation (WHO) 
show, cancer today is the second leading cause of death globally, 
responsible for an estimated 9.6 million deaths in 2018. �at 
means that about 1 in 6 deaths world-wide is due to cancer. 
Cancer is not, as has o�en been assumed, a disease of a�uence: 
approximately 70 percent of cancer deaths occur in low- and 
middle-income countries.3

3 World Health Organisation, ‘Cancer’, 
accessed 5 September 2019, https://www.
who.int/news-room/fact-sheets/detail/
cancer.
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While this book focuses on chemical and biological 
therapies, there was, of course, a science of cancer before 
chemotherapy. Our modern understanding of cancer, as a 
disease marked by cells dividing and growing uncontrollably, 
dates back to the 1850s, to Rudolf Virchow and his concepts of 
cellular pathology, which located the origins of all human illness 
in the cells and their interactions.4 Nineteenth-century physicians 
considered cancer incurable, but some nevertheless experimented 
with interventions, mostly surgery, o�en with palliative intent.5

�e American surgeon William Halsted conceived the radical 
mastectomy operation in 1891 as a scienti�c treatment for breast 

4 Rudolf Virchow, Die krankhaften 
Geschwülste: dreissig Vorlesungen, gehalten 
während des Wintersemesters 1862-1863 
an der Universität zu Berlin (Berlin: A. 
Hirschwald, 1863); Rudolf Virchow, Die 
Cellularpathologie in ihrer Begründung 
auf physiologische und pathologische 
Gewebelehre (Berlin: A. Hirschwald, 1858).

5 Agnes Arnold-Forster, ‘“A Riddle of the 
Sphinx”: Cancer in Britain, 1792-1914’ (PhD 
Thesis, King’s College London, 2017).

William Halsted operating in 1904
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cancer, based on cellular pathology.6 It was designed to remove all 
tissues that were likely to be a�ected, along with the lymph nodes 
through which cancerous cells could potentially spread. Halsted’s 
operation was one of several new radical surgical interventions 
developed in the closing decades of the nineteenth century, 
which also included Wertheim’s hysterectomy (the removal of 

6 Barron H. Lerner, The Breast Cancer Wars: 
Hope, Fear, and the Pursuit of a Cure in 
Twentieth-Century America (New York: 
Oxford University Press, 2001).

Poster by 
Fellnagel, 
United States 
Public Health 
Service, 1941: 
Only x-ray, 
radium, surgery 
ever cured 
cancer 
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the uterus) for cancer of the cervix, Billroth’s subtotal gastrectomy 
(the removal of the stomach) and Schlatter’s total gastrectomy.7

�ese operations, in turn, served as models for another wave 
of radical surgical inventions which became possible towards 
the mid twentieth century, thanks mostly to better anaesthetic 
technologies. Examples are the operations for lung cancer, which 
became routine in the 1940s and 1950s and still form the mainstay 
of lung cancer therapy.8

Cancer was awful, and its treatment was frightening. It was a 
question of proportionality: a treatment had to be radical enough 
to get rid of all cancer cells if possible, but o�en it was not possible 
to catch all cells, as otherwise patients were going to be killed by 
the treatment. Surgical interventions were o�en dis�guring and 
debilitating. Radiotherapy was a high-tech attempt to develop 
a therapy that was less debilitating. Moreover, radiation could 
reach areas of the body that were not accessible to the surgical 
blade. Radiotherapy found wide use, for example, in the treatment 
of gynaecological cancers.9 X-rays were �rst described by the 
German physicist Wilhelm Roentgen in 1895, and radioactivity 
was discovered in the following year by his French colleague Henri 
Becquerel. �e term radioactivity was coined by Marie Curie, 
who studied the phenomenon with her husband Pierre and in 
1898 discovered the radioactive element radium, which was used 
widely for the treatment of cancer with radiation in subsequent 
decades. 

�e diagnostic and therapeutic potential of the mysterious 
rays, which passed through body tissues, was quickly realised 
by experimentally-minded doctors. Experiments with X-rays 
led to the observation that the rays interacted with the tissues 
they passed through, causing skin redness, burns and hair loss. 
Doctors proposed to use X-rays to treat skin conditions such as 
lupus and ringworm, and also cancer. Radiotherapy, however, was 
costly. �e increasingly powerful X-ray machines were expensive, 
and market prices for radium extremely high.10 Radiotherapy 
was administered in new specialist hospital departments at a 
number of pioneering, new cancer hospitals founded in the early 
decades of the twentieth century, such as the Memorial Hospital 
in New York, the Radio Hemmet in Stockholm, or the Christie 
Cancer Hospital in Manchester. One way of dealing with the 
cost was regional organisation and concentration: radium and 
apparatuses were concentrated in a limited number of specialised 
institutions, where the apparatuses and materials could be stored 
and installed safely, and sta� who knew how to maintain and 

7 David Cantor, ‘Cancer’, in Companion 
Encyclopedia of the History of Medicine, ed. 
W. F. Bynum and Roy Porter, vol. 1 (London: 
Routledge, 1993), 537–61.

8 Carsten Timmermann, A History of 
Lung Cancer: The Recalcitrant Disease 
(Basingstoke: Palgrave Macmillan, 2013).

9 Ilana Löwy, A Woman’s Disease: The 
History of Cervical Cancer (Oxford: Oxford 
University Press, 2011); Ilana Löwy, ‘Knife, 
Rays and Women: Controversies about the 
Uses of Surgery versus Radiotherapy in 
the Treatment of Cancers in France and 
in the US, 1920–1960’, in Cancer Patients, 
Cancer Pathways: Historical and Sociological 
Perspectives, ed. Carsten Timmermann 
and Elizabeth Toon (Basingstoke: Palgrave 
Macmillan, 2012), 103–29.

10 Barbara Bridgman Perkins, Cancer, Radiation 
Therapy, and the Market (London: Taylor and 
Francis, 2017).



18

11 Patrice Pinell, ‘Cancer’, in Medicine in the 
Twentieth Century, ed. Roger Cooter and J. V. 
Pickstone (Amsterdam: Harwood Academic, 
2000), 671–86; Patrice Pinell, The Fight 
against Cancer: France 1890–1940 (London: 
Routledge, 2002); John V. Pickstone, 
‘Contested Cumulations: Configurations of 
Cancer Treatments through the Twentieth 
Century’, Bulletin of the History of Medicine 
81, no. 1 (2007): 164–96.

12 On the history of the chemical and 
pharmaceutical industry, see, for example 
Alfred Dupont Chandler, Shaping the 
Industrial Century: The Remarkable Story 
of the Evolution of the Modern Chemical 
and Pharmaceutical Industries (Cambridge: 
Harvard University Press, 2005); Fred 
Aftalion, A History of the International 
Chemical Industry, 2nd ed. (Philadelphia: 
Chemical Heritage Press, 2001).

use them could be employed. O�en these hospitals received 
government support, either directly or indirectly. Some specialist 
cancer hospitals were at the centre of extended regional or even 
national referral networks. Doctors working at these institutions 
were also explicitly encouraged to pursue research.11

The new specialist cancer hospitals were not the only 
institutions dedicated to cancer research; the early decades of 
the twentieth century also saw the launch of learned societies for 
cancer science in many countries. �ese included the Deutsches 
Komitee für Krebsforschung in 1900, the Imperial Cancer 
Research Fund in 1902, the Association Française pour l’Étude du 
Cancer in 1906, the American Association of Cancer Research in 
1907, and similar societies in Japan, Sweden and the Netherlands 
in 1908, 1910 and 1913 respectively. In the inter-war period, 
organisations were launched that were meant to coordinate e�orts 
against cancer internationally, such as the Cancer Commission 
within the League of Nations in 1925 or the International Union 
against Cancer in 1934. 

3. The pharmaceutical industry

Like modern cancer science, the pharmaceutical industry also has 
its roots in the late nineteenth century. While some companies (like 
Merck) grew out of older apothecary businesses, more important 
for the growth of the modern industry and its R&D culture was coal 
tar chemistry.12 Coal-tar was a by-product in the production of coke 
out of coal, and increasingly abundant as steel production took o� 
during the Industrial Revolution. �e successful commercialisation 
of a growing range of coal tar products by chemical factories such 
as Bayer, Farbwerke Hoechst or BASF started with mass-produced 
dye stu�s, which replaced scarce and hence expensive plant dyes, 
�nding use in the booming textile industry. �e industry employed 
many of the young chemists trained by pioneers of the new science 
of chemistry. �e imagination of synthetic chemists soon extended 
to medicines, based on collaborations and joint ventures with 
doctors. Bacteriologists found that they could use such dye stu�s 
to selectively stain micro-organisms. �is made microscopical 
investigations easier and also led to the idea that such synthetic 
chemicals could be used to target medicines speci�cally at these 
one-celled micro-organisms which had been shown to cause 
many of the most pressing medical problems of the time, such as 
tuberculosis or syphilis.
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�e second important pillar supporting the new industry 
was a patenting system, which ensured that companies recovered 
their investments in research and development. In contrast with 
traditional, so-called ‘patent medicines’, also known as ‘secret 
remedies’, the ingredients of the new synthetic medicines were 
not supposed to be secret. Rather, modern patent laws were 
developed and implemented to ensure that their production was 
protected by temporary embargoes, stopping competitors from 
copying products or processes for a de�ned period of time.13

13 See Graham Dutfield, Intellectual Property 
Rights and the Life Science Industries: 
A Twentieth Century History (Aldershot: 
Ashgate, 2003).

Emil C. Barell and Fritz Hoffmann 1898
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View of the Rhine in Basel around 
1900 with Roche’s factory on the 
far left

While the goal was to develop chemotherapies, the �rst successful 
products of the collaboration between chemical factories and 
bacteriologists were not synthetic chemicals but serum products, 
biological medicines such as diphtheria antitoxin, developed and 
�rst tested on a human patient by the Robert Koch pupils Emil 
Behring and Shibasaburo Kitasato in 1891, and commercialised 
in a joint venture with Farbwerke Hoechst. Companies like 
Farbwerke Hoechst had the capabilities – funds, real estate, 
technologies and skilled personnel – that could be mobilised in 
order to turn the observations and ideas of the bacteriologists 
into practical interventions, standardise them and, importantly, 
scale up their production. 

Many of the new chemical factories were located along 
the river Rhine in Germany and Switzerland. F. Ho�mann-La 
Roche & Co. was founded in 1896 in Basel. Unlike its local 
competitors, Roche immediately focused on the development 
and production of branded drugs and not dyestu�s or other coal 
tar products.14 Founded by the son of an old Basel merchant 

14 Hans Conrad Peyer, Roche: Geschichte Eines 
Unternehmens, 1896–1996 (Basel: Editiones 
Roche, 1996).
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family, Fritz Ho�mann, the company was nevertheless shaped 
by a chemist, Emil Barell. Initially employed as Ho�mann’s right-
hand man, Barell ran Roche from Ho�mann’s death in 1920 
onwards until 1952. As was the case in other pharmaceutical 
companies, research and development at Roche were traditionally 
dominated by chemists. In 1924, the research department in Basel 
counted 8 chemists and 1 pharmacologist among its sta�, in 1932 
it employed 23 chemists and 3 pharmacologists, and a�er the 
end of World War II there were 55 chemists and 20 researchers 
trained as pharmacologists, medical doctors or biologists.15

But the dominance of the chemists, as we will see, was going 
to be challenged in the 1960s, when the traditional approach to 
pharmaceutical research – testing series of substances synthesized 
by the chemists in laboratory animals and, increasingly, cell 
culture assays – yielded diminishing returns. �e new science of 
molecular biology was promising richer pickings and, importantly, 
the prospect of securing a leading position in the long run.

15 Peyer, 139.
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4. Cancer chemotherapy

When we hear the term ‘chemotherapy’ today, most of us think 
�rst and foremost about cancer. In the 1950s, this would not have 
been the case. �e Medline database, an international index of 
articles published in medical journals, lists 2262 items containing 
the term ‘chemotherapy’ for the years from 1950 to 1959. Just over 
ten percent of these articles (254 in total) also contain the word 
‘cancer’. Chemotherapy around 1950, in fact, was any therapy 
employing a chemical agent. Most chemotherapy research, 
indeed, was concerned with infectious diseases, and especially 
tuberculosis. 

While chemotherapy did not automatically mean cancer, 
interest in cancer research and cancer chemotherapy was growing, 
especially in the United States of America. On 5 August 1937 
President Roosevelt signed a cancer study bill, laying the legal 
foundation for the National Cancer Institute (NCI), which moved 
into its new building in Bethesda, Maryland, just outside the US 
capital, Washington DC, in 1940.1 �ere were also some major 
changes under way at the most important American cancer charity 
and lobbying organisation, the American Society for the Control 
of Cancer (ASCC). Between 1944 and 1946, a group of business 
people around Mary Lasker, the wife of the advertising tycoon 
Albert Lasker, replaced the elite doctors who until then had formed 
the leadership of the ASCC.2 �e reformers included Elmer Bobst, 
who had led Roche’s US subsidiary from 1920 to 1944, from near 
bankruptcy to spectacular success.3 �e group around Lasker 
and Bobst changed the name of the ASCC to American Cancer 
Society (ACS) and began an aggressive and sustained campaign 
of lobbying and fundraising. �ey managed to collect 14 million 
US Dollars by 1948, producing and distributing a growing body 
of pamphlets and other publicity materials, which warned of the 
dangers of cancer and praised science as a solution. 

Public funding for cancer research and especially the 
NCI received a major boost a�er the war, when unspent funds 
originally meant for wartime research conducted by the US 
O�ce of Scienti�c Research and Development (OSRD) were 
transferred to the National Institutes of Health (NIH). �e OSRD 
had embraced and promoted a new, goal-directed attitude towards 
scienti�c research that was more typical of applied or operational 
research than basic science, and sometimes characterised as 
‘General Motors approach to science’.4 Research and Development 
at General Motors, in fact, was the model for the approach to 

1 Michael B. Shimkin, ‘As Memory Serves – 
an Informal History of the National Cancer 
Institute, 1937-57’, JNCI: Journal of the 
National Cancer Institute 59, no. 2 Suppl 
(1977): 559–600.

2 James T. Patterson, The Dread Disease: 
Cancer and Modern American Culture 
(Cambridge: Harvard University Press, 1987), 
171–200.

3 Bobst left the company following frictions 
with Emil Barell, who was running Roche 
from its Nutley base rather than the Basle 
HQ from 1940. Subsequently Bobst turned 
the small pharmaceutical company Warner 
Co. into a major player. See Peyer, Roche – 
Geschichte Eines Unternehmens, 158–63.

4 R. F. Bud, ‘Strategy in American Cancer 
Research after World War II: A Case Study’, 
Social Studies of Science 8, no. 4 (1978): 
425–459.
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cancer chosen for the new research institute attached to the 
Memorial Cancer Hospital in New York City, established by and 
named a�er the former General Motors executives Alfred P. Sloan 
and Charles F. Kettering. 

�e US Congress initiated a national cancer chemotherapy 
programme in the summer of 1953 when a request was issued 
for the NCI to explore the feasibility of an extramural research 
programme dedicated to �nding e�ective chemotherapies for 
leukaemia. In April 1955, the US Public Health Service, the 
American Cancer Society, the Damon Runyon Fund, the Federal 
Drug Administration, and the US Veterans Administration joined 
forces to establish a National Cancer Chemotherapy Service 
Center (NCCSC), located on the NIH campus in Bethesda. By 
1957, the Chemotherapy Program represented nearly half of 
the total budget of the NCI.5 �e programme screened tens of 
thousands of substances per year for tumour inhibiting e�ects. 
Many of these compounds were prepared by pharmaceutical 
companies including Roche. Close collaboration with industry 
was integral to the programme, which included an Industry 
Subcommittee. Researchers at the NCI pioneered a broad range 
of new approaches, both in the laboratory and the clinic.6 �ese 
developments provided the context to Roche’s oncology research 
in the 1950s and 1960s.

5 K. M. Endicott, ‘The Chemotherapy Program’, 
Journal of the National Cancer Institute 19, 
no. 2 (1957): 275–93.

6 Robin Wolfe Scheffler, A Contagious Cause: 
The American Hunt for Cancer Viruses and 
the Rise of Molecular Medicine (Chicago: 
University of Chicago Press, 2019); Peter 
Keating and Alberto Cambrosio, Cancer on 
Trial: Oncology as a New Style of Practice 
(Chicago: University of Chicago Press, 2012).

From K. M. Endicott, ‘The Chemotherapy Program’, Journal of the National 
Cancer Institute 19, no. 2 (1957): 275–93.
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Roche’s early drugs for cancer chemotherapy, as we will 
see, did not emerge from an existing cancer research programme 
within the company, but from a broader chemotherapy portfolio 
at Roche’s US Headquarters in Nutley, New Jersey. �ese drugs 
marked the beginning of systematic research on cancer in Roche’s 
laboratories, not only in the US. In Basel, this history is closely 
associated with the name of Werner Bollag, who joined the 
company in 1957 and was Chief of Cancer Research for nearly 
three decades, until 1986.7 Bollag was born in Zürich in 1921, 

Research Tower Nutley 1966 NIH Building 6 1955
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graduated from medical school at the University of Zürich in 
1945 and obtained his M.D. in 1946. From 1946 to 1949 he was 
an Assistant in the Department of Internal Medicine at Zürich 
University Hospital. In 1950 and 1951 he spent time as a Research 
Fellow at two of Europe’s leading cancer research institutions, the 
Chester Beatty Institute in London and the Institut du Cancer in 
Villejuif near Paris. Back in Zürich, he was appointed as Clinical 
Associate in the Department of Internal Medicine. In 1954 he 
was promoted to Chief of Division and Chief of Experimental 
Oncology. While working at Zürich University Hospital, Bollag 
was tasked with undertaking animal studies with a cytostatic 
agent provided by Roche: 5-�uorouracil, or 5-FU.8 In 1957 Bollag 
was o�ered the newly created position of Head of Experimental 
Oncology at Roche, in charge of a new, relatively small department 
at Roche’s headquarters in Basel, where he had two technicians 
assisting him.9 He was instrumental in the development of Roche’s 
second cancer drug: procarbazin, marketed as Natulan in Europe 
and Mapulane in the US. �e stories of Roche’s cancer drugs 5-FU 
and Natulan, as we will see, illustrate the fundamental importance 
for the history of cancer chemotherapy of collaborations between 
industry, university researchers, and other institutions, above all 
the NCI in the US. But before we discuss the stories of these two 
drugs, let’s take a look at the underlying principles behind cancer 
chemotherapy.

5. Paul Ehrlich and his magic bullets

In 1954, Paul Ehrlich would have celebrated his 100th

birthday. �e in�uential German bacteriologist and Nobel laureate 
Ehrlich coined the term ‘chemotherapy’. In a lecture at the New 
York Acacemy of Medicine, marking this occasion and celebrating 
Ehrlich, the American pathologist and Director of Research at the 
Memorial-Sloan Kettering Cancer Center, Cornelius P. Rhoads 
reminded his audience that Ehrlich had turned his attention to 
cancer while successfully tackling the microbial cause of syphilis.10

Rhoads was one of the pioneers of cancer chemotherapy and 
keen to enrol Ehrlich posthumously in support of the new 
approach. Ehrlich, a pupil of the German pioneer of bacteriology, 
Robert Koch, is best known for developing Arsphenamine, an 
organic arsenic compound marketed by Farbwerke Hoechst as 
‘Salvarsan’. �is drug has been viewed by many as the �rst modern 
chemotherapeutic agent and one of the �rst examples of a speci�c 

7 Curriculum Vitae, Werner Bollag, M.D., D.M. 
(Hon.) Dr.med. h.c. PE.1.8 103374, Roche 
Historical Archive (hereafter RHA).

8 Werner Bollag, ‘Tierexperimentelle 
Untersuchungen mit dem Cytostaticum 
5-Fluorouracil’, Schweizerische Medizinische 
Wochenschrift 87, no. 26 (1957): 817–20.

9 ‘Krebs’, Roche-Zeitung (RZ), 1976. 
PD.2.1.ONK 103832, RHA.

10 C. P. Rhoads, ‘Paul Ehrlich and the Cancer 
Problem.’, Annals of the New York Academy 
of Sciences 59, no. 2 (1954): 190–97.
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therapeutic intervention based on laboratory research involving 
chemistry and experimental physiology, pioneering targeted 
pharmaceutical research. With reference to Anton Webern’s opera 
Der Freischütz, Ehrlich compared such drugs to ‘magic bullets’. 
Like the mythical silver bullet, they were expected to reliably hit 
their speci�c targets: the causes of the diseases they were designed 
to treat.11

Ehrl ich,  as  Rhoads 
pointed out, also experi-
mented with transplantable 
tumours, comparing cancer 
cells to microbes. Cancer cells, 
Ehrlich had argued, were bio-
logical units which could be 
subjected to the same kinds of 
procedures as the bacilli caus-
ing diphtheria or tuberculosis. 
He suggested that invading 
micro-organisms were dock-
ing to microscopic structures 
that he termed ‘receptors’. �e 
immune system responded 
to these attacks by releasing 
competing receptors into the 
blood stream (today we think 
of them as antibodies), which 
bound to the invaders, stopped 
them from docking and 
starved them of nutrients.12

This, to Ehrlich, explained 
the effectiveness of another 
successful intervention devel-
oped in the late 19th century 
by fellow bacteriologists and 
Koch disciples, Emil Behring 
and Shibasaburo Kitasato, and 

also marketed by Hoechst: diphtheria antitoxin. �e antitoxin 
was an immune serum administered to counter the e�ects of 
diphtheria, a frightening condition that a�ected many children. 
In his 1954 lecture, Rhoads compared Ehrlich’s ideas with more 
recent concepts for chemical attacks on cancer: like Ehrlich, who 
wanted to starve micro-organisms, new cancer therapies sought 
to starve tumour cells. 

Diagram illustrating Paul Ehrlich’s side chain theory

11 Axel C. Hüntelmann, Paul Ehrlich: Leben, 
Forschung, Ökonomien, Netzwerke 
(Göttingen: Wallstein, 2011).

12 Alberto Cambrosio, Daniel Jacobi, and 
Peter Keating, ‘Ehrlich’s “Beautiful Pictures” 
and the Controversial Beginnings of 
Immunological Imagery’,  
Isis 84, no. 4 (1993): 662–99.
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�e innovative cancer drugs that Rhoads was imagining 
would do so by acting as ‘antimetabolites’: they would imitate the 
chemical structures of substances that the cancerous cells needed 
to grow and divide, but they would jam metabolic processes in 
these cancer cells as selectively as possible, and thus stop them 
from prospering. A few years earlier, in 1947, Sidney Farber, a 
clinician and pioneer of cancer chemotherapy, had employed a 
compound known as aminopterin to experimentally treat children 
with leukaemia at Boston Children’s Hospital.13 Aminopterin was 
a derivative of folic acid, an essential vitamin – but while it looked 
like folic acid to the cells in the body, it jammed the processes 
which used folic acid, ultimately resulting in the inhibition of 
DNA, RNA, and protein synthesis. As the metabolism of the 
cancer cells was working faster, they were a�ected more than 

13 Gretchen M. Krueger, Hope and Suffering: 
Children, Cancer, and the Paradox of 
Experimental Medicine (Baltimore: Johns 
Hopkins University Press, 2008).

Paul Ehrlich, 
1915
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other body cells. However, other cells were also a�ected, thus the 
toxicity and the drastic side e�ects. Aminopterin was marketed by 
Lederle Laboratories and in the 1950s and 1960s largely supplanted 
by amethopterin (Methotrexate), another so-called antifolate, 
which acted in the same way but was less toxic. Unfortunately 
it was also less e�ective. �is was the central dilemma of cancer 
chemotherapy: drugs that were e�ective against cancer cells, were 
also extremely toxic for the rest of the body. 5-FU, as we will see, 
was also an antimetabolite: its break-down products were found 
to jam the synthesis of DNA and the processing of RNA, essential 
for growth and development of all cells, but especially the rapidly 
dividing cancer cells.14

Manuscript by 
Paul Ehrlich: 
Salvarsan-
präparate

14 Daniel B. Longley, D. Paul Harkin, and Patrick 
G. Johnston, ‘5-Fluorouracil: Mechanisms 
of Action and Clinical Strategies’, Nature 
Reviews Cancer 3, no. 5 (2003): 330–38.
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6. The spoils of war: alkylating agents

Antimetabolites were one main class of drugs used in cancer 
chemotherapy in the early 1960s. �e other main class were the 
so-called alkylating agents, chemicals which originally were 
developed not as anti-cancer drugs but as chemical weapons.15

One of the most e�ective chemical weapons developed during 
the First World War was di-(2-chloroethyl)sulphide, referred to 
as sulphur mustard because it was yellow and supposedly smelled 
like mustard. It was also known as mustard gas, although at room 
temperature it was liquid. Soldiers exposed to mustard gas su�ered 
burning and blistering on their eyes, skin and in the respiratory 
pathways. �is suggested to some doctors that an application of 
sulphur mustard might be useful for treating localised, accessible 
tumours – much like the caustic cancer treatments with corrosive 
substances applied by surgeons in the nineteenth century.16 But 
exposure to the substance turned out to also have internal e�ects, 
for example on the gastrointestinal tract and the formation of 
blood cells. 

15 Peter Brookes, ‘The Early History of the 
Biological Alkylating Agents, 1918–1968’, 
Mutation Research/Fundamental and 
Molecular Mechanisms of Mutagenesis 233, 
no. 1 (1990): 3–14.

16 F. E. Adair and H. J. Bagg, ‘Experimental and 
Clinical Studies on the Treatment of Cancer 
by Dichlorethylsulphide (Mustard Gas)’, 
Annals of Surgery 93, no. 1 (1931): 190–99; 
Arnold-Forster, ‘“A Riddle of the Sphinx”: 
Cancer in Britain, 1792-1914’. 

The anti-cancer chemical library at Lederle Laboratories 1961 
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Interestingly, as microscopical studies suggested, these 
e�ects appeared to be linked to an inhibition of cell division.17

Researchers studied the biochemical e�ects of mustard gas in 
the laboratory, �nding, for example, that the compound caused 
mutations in fruit �ies, Drosophila melanogaster. During the 
Second World War, while chemical weapons had o�cially been 
banned, top secret chemical warfare research continued with 
other, related substances, including nitrogen analogues of sulphur 
mustard, known as nitrogen mustards. �ousands of American 
soldiers volunteered (or were volunteered) to be doused in 
mustard gas sprayed from aircra�, were subjected to it in sealed 
gas chambers, or had the substance applied to patches of skin. 
Researchers found that nitrogen mustard reacted with amino 
acids, peptides and proteins, killing cells (the technical term is 
‘cytotoxicity’) especially in tissues that were growing fast, with 
cells dividing rapidly, as was the case for tumour tissues.18

The use of nitrogen mustard for cancer chemotherapy 
has sometimes been described as a chance �nding, following 
the bombing and sinking, on 2 December 1943, of an American 
supply ship, the SS John Harvey, in the Italian port of Bari. �e 
John Harvey carried a secret cargo of 2000 mustard gas bombs 
in its hull. Survivors of the attack were drenched in a thick 
emulsion of oil, nitrogen mustard and harbour water. Some of 
the substance evaporated in the �res following the bombing raid, 
and the resulting toxic cloud dri�ed o� over the city, exposing 
another 250,000 people and killing about 1000. Army doctors 
observed that soldiers and sailors pulled out of the waters at Bari 
showed alarmingly low white blood cell counts. �ese doctors, 

17 E. B. Krumbhaar and H. D. Krumbhaar, ‘The 
Blood and Bone Marrow in Yellow Cross Gas 
(Mustard Gas) Poisoning: Changes Produced 
in the Bone Marrow of Fatal Cases’, The 
Journal of Medical Research 40, no. 3 (1919): 
497– 508.

18 Susan L. Smith, Toxic Exposures: Mustard 
Gas and the Health Consequences of World 
War II in the United States, (New Brunswick: 
Rutgers University Press, 2017); Susan L. 
Smith, ‘War! What Is It Good for? Mustard 
Gas Medicine’, CMAJ 189, no. 8 (2017): 
E321–22.

Folic acid
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it has sometimes been assumed, 
then made the connection with 
the chemicals in the water. In 
fact, secret experiments with these 
compounds were well under way 
by this time, and their capacity to 
kill white blood cells selectively 
had been observed and described.

�ese e�ects had been the 
object of systematic investigation 
since 1941, when a team at Yale 
University led by the pharma-
cologists Alfred Gilman and Louis 
Goodman obtained funds for such 
a study from the O�ce of Scienti�c 
Research and Development. �ey 
found that injections with nitrogen 
mustard induced remissions in 
laboratory mice with lymphomas, 
cancers of the lymphatic system 
(remission means that the tumours 
shrank or even disappeared). 
They also managed, in 1942, to 
induce remission in a human 
lymphoma patient. However, the 
remission was temporary: the 
cancer returned.19 Gilman and 
Goodman were not allowed to publish their results until a�er 
the war, in 1946; but their �ndings were discussed at medical 
meetings and con�rmed by other groups. Nitrogen mustard was 
a highly toxic substance, and not very speci�c (it killed all sorts of 
cells), but the limited success with this poison—especially in the 
treatment of lymphoma patients—boosted the search for better 
chemotherapeutic agents. It also encouraged other clinical cancer 
researchers, such as the pioneers of cancer chemotherapy Joseph 
Burchenal and David Karnofsky, who were based at the Memorial 
Sloan Kettering Institute, to try nitrogen mustard as a treatment 
of last resort for other malignancies, for example lung cancer.20

A new treatment was urgently needed for patients whose 
disease was advanced, possibly with metastases, and who 
thus did not bene�t from local interventions such as surgery 
or radiotherapy. Sadly, the treatment with nitrogen mustard 
injections did not appear to prolong the lives of the patients 

19 A Gilman, ‘The Initial Clinical Trial of 
Nitrogen Mustard’, American Journal of 
Surgery 105 (1963): 574–78.

20 David A. Karnofsky et al., ‘The Use of the 
Nitrogen Mustards in the Palliative Treatment 
of Carcinoma. With Particular Reference to 
Bronchogenic Carcinoma’, Cancer 1, no. 4 
(1948): 634–656.

Sidney Farber with child patient 1960
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treated by Burchenal and Karnofsky. Nitrogen mustard, 
clearly, was not a cure. However, despite serious side e�ects, it 
appeared to improve the overall condition of the patients, made 
measurable as ‘performance status’.21 �e researchers suggested 
that chemotherapy had palliative value: that is, it was useful for 
treating symptoms without the expectation that it would cure the 
patients or even prolong their lives. 

A growing number of studies were carried out, initially 
on animals, with a range of related compounds. By the 1950s, 
researchers had worked out that these very reactive chemicals 
acted by transferring short carbon chains, so-called alkyl groups 
(thus the term alkylating agents) to biological macromolecules 
such as proteins and DNA. The nitrogen mustard and its 
derivatives and analogues cross-linked the two DNA strands 
with their two reactive groups, like a jammed zipper, thus 
blocking the replication of the DNA strands and interrupting 
the cell cycle. But unfortunately the effects were time-limited: 
the cancer cells appeared to become resistant and the drugs 
stopped working.

7. Heidelberger’s idea

�e father of 5-FU was Charles Heidelberger, an Assistant Professor 
of Oncology at the University of Wisconsin, Madison. Born in 
New York City in 1920, Heidelberger had studied chemistry at 
Harvard University, where he also obtained a Master’s degree 
and a PhD in organic chemistry. In 1946 he had moved to the 
West Coast to work for two years as a postdoctoral researcher in 
the laboratory of Melvin Calvin, a pioneering biochemist at the 
University of California, Berkeley. 

Calvin was best known for his research on the chemical 
processes that take place during photosynthesis in plants. For this 
he made extensive use of radioactive carbon atoms, inserted into 
biological molecules where they replaced normal carbon atoms. 
When laboratory animals or plants processed these molecules, the 
radioactivity could be located at di�erent stages of the process. 
This allowed researchers to trace the transformation of the 
molecules and thus reconstruct biochemical pathways, helping 
them to understand and explain processes such as photosynthesis 
or the transformation of foodstu�s into energy. 

Heidelberger wanted to learn this technique, which he was 
planning to use in order to investigate the mechanisms by which 

21 Carsten Timmermann, ‘“Just Give Me the 
Best Quality of Life Questionnaire”: The 
Karnofsky Scale and the History of Quality of 
Life Measurements in Cancer Trials’, Chronic 
Illness 9, no. 3 (2013): 179–90.

Charles Heidelberger 1956
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22 Elizabeth C. Miller and James A. Miller, 
‘Charles Heidelberger 1920–1983’, Cancer 
Research 43, no. 5 (1983): 2382–2382; E. C. 
Miller and J. A. Miller, ‘Charles Heidelberger: 
December 23, 1920-January 18, 1983’, 
Biographical Memoirs. National Academy of 
Sciences (U.S.) 58 (1989): 259–302; on the 
McArdle laboratory, see also Harold P. Rusch, 
‘Beginnings of Cancer Research Centers 
in the United States’, JNCI: Journal of the 
National Cancer Institute 74, no. 2 (1985): 
391–403.

some chemicals caused cancer when processed in the bodies of 
laboratory mice. In 1948, Heidelberger was o�ered a position at 
the McArdle Laboratory at the University of Wisconsin Medical 
School. �e McArdle Laboratory had opened its doors in 1940 
as one of the �rst institutions entirely dedicated to experimental 
cancer research, housed in a new, purpose-built facility on the 
Madison campus.22

While investigating the biological e�ects of carcinogenic 
chemicals on the bodies of laboratory animals, Heidelberger 
became interested in molecules which interfered with the 
metabolic processes taking place in cancerous cells. One of the 
molecules that attracted his attention was 5-�uorouracil. 5-FU 
is a modi�ed version of uracil, one of the nucleotide building 
blocks of Ribonucleic Acid (RNA), but structurally looks more 
like thymine, one of the building blocks of Deoxyribonucleic 
Acid (DNA). As we now know, DNA is the macromolecule which 
stores our genetic information, enabling us to pass it on from cell 
to cell and from generation to generation, while the shorter (and 
more short-lived) RNA molecules work like messages in bottles, 
carrying information from the chromosomes in the cell nucleus to 
the ribosomes, where genetic code is translated into functioning 
protein molecules, such as enzymes. 

McArdle Laboratory for Cancer Research at the University of Wisconsin 
Photo of the original building on completion, 1940.
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What drew Heidelberger’s attention to 5-FU was an article 
by Robert Rutman, a professor at Je�erson Medical College, 
biochemist, cancer researcher, and later political activist. Rutman 
had worked on the Manhattan Project during the war, contributing 
to the construction of the atom bomb. The son of Eastern 
European Jews developed a growing interest in social justice 
a�er 1945. He was dismissed from his post in 1953 a�er being 
summoned before a House Un-American Activities subcommittee 
during the purge of American public life of anyone suspicious of 
contacts with communism (this campaign was associated with 
the name of Senator Joseph McCarthy).23 Fortunately this was 
not the end of Rutman’s career. In his laboratory he observed 
that when laboratory rats with liver tumours were injected with 
radioactively labelled uracil, the radioactivity turned up in nucleic 
acid molecules in the cancerous livers, but not in the livers of 
rats without cancer, suggesting di�erences in the ways by which 
nucleotides were processed in cancerous and non-cancerous 
tissues.24

Reading about Rutman’s experiments gave Heidelberger the 
idea of attaching a �uoride atom to a uracil molecule. Fluorinated 
organic compounds were known to be very toxic – some were 
used as rat poisons.25 Given that in Rutman’s experiments 
only the cancerous cells appeared to use the injected uracil 
molecules as building blocks for nucleic acids, Heidelberger 
hypothesised, perhaps a �uorinated uracil could be used as a 
speci�c, targeted cancer therapy.26 It is plausible to assume that 
it was the growing interest in cancer chemotherapy at the NCI 
that attracted Heidelberger’s attention away from questions of 
carcinogenesis towards chemotherapy: he commented on the 
new Cancer Chemotherapy Program in a review article.27 To 
explore the potential of 5-FU and other �uorinated nucleotides 
as anti-cancer drugs, Heidelberger was looking for help with their 
synthesis (�uorination needed special expertise), and he turned to 
Robert Schnitzer, then head of Roche’s chemotherapy department 
at Nutley.28

8. Robert Schnitzer, Emanuel Grunberg, and 
chemotherapy at Roche Nutley

When Charles Heidelberger contacted Robert Schnitzer at Roche 
Nutley about help with the synthesis of �uoridated nucleotides 
such as 5-FU, Schnitzer had been head of chemotherapy at the 

23 Sally A. Downey, ‘Robert J. Rutman, 91, 
Professor, Activist’, The Inquirer, 4 October 
2010.

24 R. J. Rutman, A. Cantarow, and K. E. 
Paschkis, ‘Studies in 2-Acetylaminofluorene 
Carcinogenesis. III. The Utilization of Uracil-
2-C14 by Preneoplastic Rat Liver and Rat 
Hepatoma’, Cancer Research 14, no. 2 
(1954): 119–23.

25 P. Buffa and R. A. Peters, ‘Formation of Citrate 
in Vivo Induced by Fluoroacetate Poisoning’, 
Nature 163, no. 4154 (1949): 914.

26 C. Heidelberger et al., ‘Fluorinated 
Pyrimidines, a New Class of Tumour-
Inhibitory Compounds’, Nature 179, no. 4561 
(1957): 663–66.

27 C. Heidelberger, ‘Biochemistry of Cancer’, 
Annual Review of Biochemistry 25 (1956): 
573–612.

28 Werner Bollag, Rolf O. Studer, and Paul 
Zeller, ‘Half a Century of Oncology at Roche’, 
Roche International Research Information 
(RIRI), 1996. PD.2.1.ONK 103832, RHA.
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company’s US headquarters for a little over a decade. Schnitzer 
was born in Berlin in 1894, where he also studied medicine from 
1913 to 1919. A�er a stint at the Charité hospital, he joined the 
Chemotherapy department of the famous Robert Koch Institute, 
one of the most important centres for bacteriological research 
in the world. In 1928 he le� Berlin; he was appointed Head of 
Chemotherapy at IG Farben, the powerful industrial conglomerate 
formed three years earlier by merging six German chemical and 
pharmaceutical companies, including BASF, Bayer, and Hoechst. 
Schnitzer worked at the Hoechst site in Frankfurt until he was 
dismissed in one of the last purges of employees classed as non-
Aryan according to Nazi race laws, in August 1938. In November 
he was deported to the Buchenwald concentration camp, from 
where he was released in January 1939 under the condition that 
he would leave Germany within four weeks. He le� for France, 
then Canada, where he worked at Toronto University. 

In 1941 Schnitzer was appointed Head of Roche’s 
chemotherapy laboratory in Nutley.29 In 1946 he was joined 
by the bacteriologist Emanuel Grunberg, immediately after 

29 Dr Robert Schnitzer’, Roche Profile, 1960. 
FE.0.8 103579b, RHA; See also Sabine 
Päuser, ‘Isoniazid (Rimifon): First Specific 
against Tuberculosis’, in Lifesavers for 
Millions (Basel: Editiones Roche, 2012), 
14–75. 

Robert J Schnitzer

Rimifon



38

Grunberg’s graduation from his degree course at Yale. Grunberg 
would succeed him as Head of Chemotherapy when Schnitzer 
retired in December 1959. �e Department by then employed 
four scientists – besides Schnitzer and Grunberg there were two 
Senior Bacteriologists, Drs W.F. De Lorenzo and John Lynch – 
and a technical sta� of 32.30 �e Chemotherapy Department was 
concerned with the laboratory investigation of new chemical 
agents with potential for the treatment of infectious diseases. In 
the late 1940s and early 1950s, most of their e�orts were dedicated 
to �nding an e�ective treatment for tuberculosis, leading to the 
development of isoniazide, marketed in 1952 as Rimifon, a speci�c 
antituberculosis drug.31 ‘Although tumors do not strictly belong 
in the category of infectious diseases,’ as Grunberg wrote in 1959, 
‘the department is also carrying out experiments in the �eld of 
Oncology – the study of tumors.’32

‘In cases of localized tumors which are 
susceptible to surgical extirpation, surgery 
continues to be the treatment of choice. 
However, there are a large number of 
patients in whom the disease recurs after 
initial treatment, or in whom disseminated 
disease is present at the time of diagnosis. 
For these people chemotherapy offers 
the only hope for palliation, remission, 
or cure in that order of desirability.’33

To test the e�ects of new experimental compounds on 
cancer, Schnitzer, Grunberg and their colleagues established 
a screening system relying on well-studied, speci�c tumours 
transplanted into laboratory animals. �e best known of these 
transplantable tumours were the Ehrlich carcinoma in mice and 
the Walker carcinosarcoma 256 in rats – model tumours whose 
characteristic growth patterns were well understood. Increasingly 
the department’s portfolio of transplantable tumours also included 
human cancers that could be grown in rats or mice which had been 
prepared with radiation or cortisone, so that the human tumours 
would not die o�. �is allowed the testing of new agents in cells 
of human origin without the need to experiment on humans.34

30 ‘Roche Research Department: Its 
Reorganization and Expansion’, Roche 
Profile, 1960, 10. FE.0.8 103579b, RHA.

31 Päuser, ‘Isoniazid (Rimifon)’.
32 ‘Roche Research Department’, 10.
33 E. Grunberg, ‘Aspects of Cancer Research’, 

Transactions of the New York Academy of 
Sciences 25 (February 1963): 433.

34 Ibid, 434.
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�e model tumours were cut into small fragments and 
transplanted into, to use Grunberg’s words, ‘susceptible mice, 
rats, hamsters or rabbits to produce progressive disease usually 
culminating in the death of the host’ (mice and rats were favoured 
because they were the cheapest). �e animals were then either 
injected with the chemical compound under investigation 
immediately a�er the implantation to determine if the compound 
that was being tested inhibited the growth of the tumour, 
compared to untreated control animals. Or treatment was delayed 
until tumours appeared, in order to then measure the degree of 
inhibition or even remission (the shrinkage of the tumour).35

�e �rst of these approaches was more common, as it was 
quicker, and most active agents could be detected in this way. 
In a model system that produced a large tumour within one or 
two weeks from transplantation without killing the animal, a 
compound was considered active if it inhibited growth by 50 
percent without being overly toxic to the animal. In a system that 
produced large tumours within the same period, resulting in the 35 Ibid, 434.

PA Plattner 1966
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animal’s death, a compound was viewed as active if it increased 
the survival time of the treated animals by at least 50 percent.36

But there were a lot of compounds which could potentially 
be screened. How did Schnitzer, Grunberg and colleagues decide 
which substances they were going to test? Grunberg suggested:

‘Since success, limited as it might be, has 
been scored by the testing of rationally 
conceived compounds (for example 
the antimetabolites) as well as from the 
testing of empirically screened substances 
(actinomycin D, vinblastine), it would seem 
prudent that both approaches be utilised.’37

Both actinomycin and vinblastine are natural substances, 
whose anti-cancer effects were identified by screening. 
Actinomycin is an antibiotic isolated from soil bacteria by Selman 
Waksman, who also identi�ed streptomycin, the �rst antibiotic 
that worked for tuberculosis. It was one of the many compounds 
tested for anti-cancer e�ects by the NCCSC screening programme. 
Vinblastine is a chemical isolated from a plant, the Madagascar 
periwinkle.

36 Grunberg, ‘Aspects of Cancer Research’.
37 Ibid, 435.

Robert Duschinsky in his laboratory 
1956
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5-FU clearly belonged into the other group: it was a rationally 
conceived compound. When Charles Heidelberger approached 
Roche Nutley in 1954, the synthesis of the �uorinated pyrimidines 
was assigned to two Roche chemists: Robert Duschinsky and 
Edward Pleven.38 Duschinsky and Pleven proceeded quickly. 
By 1956, 5-FU had produced promising results in Schnitzer’s 
and Grunberg’s screening system, ampuls had been sent to 
Heidelberger, and �rst clinical tests were under way.39 �e Nutley 
team, jointly with Heidelberger, published their synthesis of 
�uorinated pyrimidines in 1957.40

October 1956

‘The work with 5-fluorouracil, Ro 2-9757, is now at the point 
where ampuls have been supplied to Dr Heidelberger and we 
are awaiting news of the first clinical experiments. The Nutley 
chemical laboratories will produce as much material as is 
needed. Dr Heidelberger expects to submit his first publication 
on November 7 and will not mention the combination with 
6-mercaptopurine in it. We expect to be called upon to supply 
small quantities of Ro 2-9757 to competent investigators who 
request them. Dr Heidelberger has requested chronic toxicity 
studies on combinations of fluorouracil and 6-mercatopurine. 
Material can be supplied to Basle and Dr Bollag could begin 
clinical studies, with the understanding that Dr Heidelberger  
must be consulted before a publication on Dr Bollag’s work 
appears.’41

RRMG meeting minutes, 15–23 Oct 1956, p. 20

9. No market for cancer drugs?

Roche research managers discussed the pros and cons of 
investing in cancer research at the inaugural Roche Research 
Management Group (RRMG) Meeting in 1956, a regular event 
introduced by Roche’s Head of Research, Placidus Plattner, to 
bring together representatives of the research departments in 
Basel, Nutley and Welwyn.42 �e main problem was that there 
did not appear to be a market for anti-cancer drugs at this point. 

38 Like Schnitzer, Duschinsky was a recent 
arrival in the US. He was born in Austria 
in 1900 and had joined Hoffmann-La 
Roche in Paris in 1930, where he met and 
married his American wife Marian Wyman 
in 1932. Together they left Paris, by then 
occupied by German forces, and moved to 
the US in 1942. See Susanne Barta, ‘Robert 
Duschinsky 1900–1991’, American Alpine 
Journal 34, no. 66 (1992): 299–300.

39 Minutes of the Inaugural Meeting of the 
Roche Research Management Group 
(hereafter RRMG), 25-30 June 1956. FE.0.4 
101129a, RHA.

40 Robert Duschinsky, Edward Pleven, and 
Charles Heidelberger, ‘The Synthesis 
of 5-Fluoropyrimidines’, Journal of the 
American Chemical Society 79, no. 16 (1957): 
4559–60.

41 Minutes, RRMG meeting, 15–23 October 
1956. FE.0.4 101129a, RHA.

42 ‘Roche Research Organization Worldwide’, 
9 May 1956, FE.0.8 103579a, RHA.
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43 Minutes of the Inaugural Meeting of the 
RRMG, 25–30 June 1956, FE.0.4 101129a, 
RHA.

44 Grunberg, ‘Aspects of Cancer Research’, 435.
45 The CCNSC employed similar screening 

models as the Roche researchers. See 
Michael B. Shimkin, ‘In the Middle: 
1954-63-Historical Note’, JNCI: Journal 
of the National Cancer Institute 62, no. 5 
(1979): 1295–1317.

46 Minutes, Inaugural Meeting of the RRMG, 
25–30 June 1956, FE.0.4 101129a, RHA.

Cancer chemotherapy had not become part of routine medicine. It 
was only an experimental practice, pursued exclusively in research 
settings. �e RRMG minutes summarise this as follows:

‘Although there is no doubt that there 
would be a market for a really useful anti-
tumour drug, no market exists today. … 
The compounds mentioned [in a report 
on ‘Current Chemotherapy in Cancer’ 
presented at the meeting] are not available 
on prescription and cancer chemotherapy is 
actually practiced only in relatively few clinics 
associated with teaching institutions.’43

Nevertheless, the RRMG considered cancer drugs as 
strategically important, as the �eld was developing fairly quickly. 
According to Grunberg, there had been only one chemical 
treatment available for cancer in 1940 that was supported by 
proper scienti�c evidence. �e number had increased fairly 
rapidly to 24 in 1956. In 1958 Grunberg counted 58 compounds, 
and by 1963 there were 167 scienti�cally supported medicines 
available for the treatment of cancer.44 �e Roche management 
le� decisions over what compounds to screen to Schnitzer, 
expecting that he would select the ‘most interesting’ candidates 
for the company and submit the rest for testing to the CCNSC or 
one of its screening laboratories.45 �ey did not fear any problems 
regarding what we today know as intellectual property, but to be 
on the safe side, only compounds that had already been patented 
should be submitted.46

Meanwhile, research on 5-FU should continue, and the 
chemists at Nutley would synthesise other �uorinated pyrimidines 
and purines for screening, and share promising compounds with 
Heidelberger. A plan for the chemical programme was going to 
be prepared by John Aeschlimann and Otto Isler, the Heads of 
Chemistry in Nutley and Basle. Roche’s British subsidiary in 
Welwyn was not going to be involved in the 5-FU programme, 
but instead would collaborate with Joseph Mitchell, Professor 
at Cambridge University and radiotherapy expert, on the 
development of drugs that acted as radiosensitizers (enhancing 
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the effects of radiotherapy) and radio-mimetics (meant to 
imitate such e�ects chemically). �is re�ected the particular 
strength of radiotherapy research in Britain. �is programme 
was a slow burner, though: it took until the 1970s for clinical 
investigations to get under way with the radiosensitizer Ro 
7-0582 (misonidazole).47 �e substance would never make it 
into Roche’s oncology drug portfolio.

Clinical tests of 5-FU were also discussed. In Basel, the 
organisation of clinical research fell into the remit of Werner 
Bollag, who was about to join the company. Nutley would hire 
a new member of sta� to handle outside contacts in the cancer 
�eld. Bollag would also undertake studies on the cell biology 
of tumours. Nutley and Basel would take the necessary steps to 
establish a trademark and a generic name for 5-FU, which so far 
was known just as Ro-9757. Importantly, the RRMG also decided 
that it had no objections to Nutley’s contract with the NIH to 
supply the NCI with several kilos of Ro 2-9757 ‘for broader 
clinical trials at the expense of the NIH’.48

10. 5-FU in the clinic

�e �rst systematic clinical tests with 5-FU, starting in 1957, 
were not undertaken by Werner Bollag in Basel, but by Charles 
Heidelberger’s colleagues Fred Ans�eld, Anthony Curreri, and 
John Schroeder at the University of Wisconsin in Madison.49

�e study was supported by grants from the NCI, the US Public 
Health Service, and the Wisconsin Division of the American 
Cancer Society. Roche provided the 5-FU. 

By 1962 Ans�eld and his colleagues treated more than 
1000 patients with up to 54 courses of the drug, con�rming that 
5-FU had indeed a therapeutic e�ect in patients with breast 
and colorectal cancer, and to a lesser degree with tumours in 
other locations.50 �e �rst patient they treated received one 
tenth of the maximum dose tolerated by dogs per day, 0.25mg 
per kilogram body weight over �ve consecutive days. �e dose 
was gradually increased in a series of patients, up to 15mg per 
kilogram, injected intravenously. We may be tempted to equate 
this to a modern Phase I trial, but the phase system with its 
strict sequence from phase I to IV was not yet widely used at 
this point. It was developed at the NCI around the same time 
and was adopted by the Federal Drug Administration, the agency 
approving medicines for routine use in the US, in 1963.51

47 Minutes, RRMG, 16–18 June 1977, FE.0.4 
101129d, RHA.

48 Minutes, Inaugural Meeting of the RRMG, 
25–30 June 1956, FE.0.4 101129a, RHA.

49 A. R. Curreri et al., ‘Clinical Studies with 
5-Fluorouracil’, Cancer Research 18, no. 
4 (1958): 478–84; C. Heidelberger and 
F. J. Ansfield, ‘Experimental and Clinical 
Use of Fluorinated Pyrimidines in Cancer 
Chemotherapy’, Cancer Research 23 (1963): 
1226–43; F. J. Ansfield and A. R. Curreri, 
‘Further Clinical Studies with 5-Fluorouracil’, 
Journal of the National Cancer Institute 22, 
no. 3 (1959): 497–507.

50 F. J. Ansfield, J. M. Schroeder, and A. R. 
Curreri, ‘Five Years Clinical Experience with 
5-Fluorouracil’, JAMA 181 (1962): 295–99.

51 Keating and Cambrosio, Cancer on Trial, 
150–58.
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Ansfield and his colleagues were con-
fronted with the central dilemma of all cancer 
chemotherapy: they started to observe some 
tumour regression, but also found that their 
patients were experiencing toxic reactions, some 
of them severe. Patients su�ered from diarrhoea, 
nausea and vomiting, in�ammations of mouth 
and lip, some were losing their hair, and their 
white blood cell counts declined. Continuing 
the treatment for longer than �ve days in the 
hope to make tumours regress even more turned 
out to be too dangerous: the di�erence between 
therapeutic and deadly dose was too small. 

Eventually they established a standard 
course, for patients who could tolerate it, of 
15mg per kilogram body weight per day for 
5 days, given by intravenous injection, with 
additional half doses until the point of toxicity 
was reached. �is was a gruesome regime, and 
some patients, as Ans�eld put it, ‘rebelled against 
the toxic reactions’ and refused to continue with 
the therapy. Moreover, twenty-two deaths had 
to be attributed directly to the toxicity of the 
treatment, rather than the patients’ cancers.52

But some patients were improving. Over 
the �ve years from 1957 to 1962, Ans�eld and 
his colleagues treated 428 patients with tumours 

that were suitable for evaluation. 91 of them met all criteria of 
improvement for an average duration of nine months before the 
cancers stopped responding and continued to grow. In some 
cases the improvement was remarkable, albeit temporary. A 
66-year-old minister with a non-operable bowel cancer that had 
already metastasised was admitted to the chemotherapy service 
in Madison on 11 February 1958, weighing less than 53kg and 
showing signs that his intestines were blocked by the tumour. His 
condition improved a�er the �rst course of 5-FU, his appetite 
returned, and a�er several more courses he was able to ‘return 
to a very active practice of preaching’ and physical work, such as 
gardening.53 An exploratory operation in August revealed scars 
where there had been metastases earlier, and in biopsy samples 
of the scar tissue no residual cancer cells could be detected. 
Unfortunately there were still some cancer cells in what had been 
the main tumour. �e patient continued to receive 5-FU courses 

52 Ansfield, Schroeder, and Curreri, ‘Five Years 
Clinical Experience with 5-Fluorouracil’, 296.

53 Ansfield, Schroeder, and Curreri, ‘Five Years 
Clinical Experience with 5-Fluorouracil’.

Efudix Roche
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until, at some point, the cancer became resistant and the tumours 
returned. �e researchers reported several cases like this.

In addition to the measurable effect the drug had on 
tumours, the researchers found the pain relief produced by 
5-FU remarkable. �is e�ect was most pronounced in patients 
whose tumours regressed, but it also occurred where there was 
no apparent improvement or even where the tumours continued 
to grow. According to Ans�eld:

‘The majority of patients treated with 
5-FU reported definite subjective 
improvement and decrease of pain to 
such an extent that analgesics were no 
longer required, whether or not objective 
clinical improvement was observed.’54

As the patients treated in these trials were all su�ering 
from advanced cancer, and since the declared goal was to achieve 
sustained or prolonged palliation, Ans�eld and his colleagues 
concluded that 5-FU was, as they put it, ‘a valuable adjunct to the 
care of patients with disseminated cancer’.55 However, they were 
careful not to raise unrealistic expectations, stating clearly that:

‘5-Fluorouracil is a toxic drug and should 
be given with extreme caution. No patient 
has been cured by this drug.’56

In 1962, the FDA approved the intravenous application of 
5-FU for the palliative treatment of cancer. Not even chemotherapy 
enthusiasts expected at this point that chemotherapy would 
provide a cure. By 1965, 5-FU was among the three most 
frequently prescribed antimetabolites, along with Lederle’s folic 
acid antagonist amethopterine (Methotrexate) and Burroughs-
Wellcome’s purin analogue 6-mercaptopurine (6-MP).57 Both 
drugs had been approved by the FDA in 1953.

�e development of 5-FU continued over the following 
years, mostly by reformulating the drug for di�erent forms of 
application, but also by experimenting with derivatives. By 1968, 
Roche Basel was working on a form of 5-FU for topical application, 
an ointment which was marketed in the 1970s as EFUDIX for the 

54 Curreri et al., ‘Clinical Studies with 
5-Fluorouracil’, 481.

55 Ansfield, Schroeder, and Curreri, ‘Five Years 
Clinical Experience with 5-Fluorouracil’, 299.

56 Ansfield and Curreri, ‘Further Clinical Studies 
with 5-Fluorouracil’, 497.

57 W. Bollag and A. Pletscher, ‘New 
Developments in Cancer Research’, 
Experientia 21, no. 1 (1965): 1–4; G. B. Elion, 
‘The Quest for a Cure’, Annual Review of 
Pharmacology and Toxicology 33 (1993): 
1–23.
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treatment of actinic keratosis, a skin condition resulting from 
years of exposure to the sun, and basal cell carcinoma, a form 
of skin cancer.58 By 1972, they were developing oral forms of 
5-FU. Researchers at Roche Basel were working on a 5-FU drop 
solution, while Nutley was planning for other oral formulations, 
including capsules.59 Oral 5-FU was introduced in Switzerland 
in 1973 for gastrointestinal and breast cancer, and in the US 
shortly a�erwards.60 Following the introduction of oral 5-FU, 
turnover increased rapidly, with no additional promotion.61 Roche 
researchers were also generating and testing other �uorinated 
uracil derivatives, such as FUDR (Floxuridin), for which an 
NDA was submitted in 1969.62 �ese drugs were precursors of 
capecitabine (Xeloda), approved in 1998. We will return to the 
story of these 5-FU derivatives later in the book.

June 1964

‘Although 5-FU was not commercially attractive at the time of 
marketing, it has shown a slight increase in turnover, indicating 
that medical researchers and specialists will employ an effective 
carcinostatic agent despite its apparent toxicity. A certain 
amount of additional research with substances of this type … is 
considered justified.’63

RRMG minutes, 4–9 June 1964, p. 31

11. Screening substances: the birth of 
procarbazine

Like 5-FU, Roche’s other early cancer chemotherapy drug, 
procarbazine (also known as ibenzmethyzin, and marketed as 
Matulane in the US and Natulan in Europe) had roots in work 
undertaken at Schnitzer’s chemotherapy department in Nutley. 
Unlike the antimetabolite 5-FU, which was a rationally designed 
drug, based on an idea by Charles Heidelberger, procarbazine was 
a product of an empirical screening process. 

Schnitzer, Grunberg and their colleagues in the 
Chemotherapy Department tested a large number of chemical 
compounds in animal models for e�ects on di�erent diseases. 
�ese included the mice and rats with transplantable tumours 

58 Minutes, RRMG, 5–8 June 1968 and 22-26 
July 1974, FE.0.4 101129a and d, RHA.

59 Minutes, RRMG, 15–20 June 1972, FE.0.4 
101129c, RHA.

60 Minutes, RRMG, 22–26 July 1974, FE.0.4 
101129d, RHA.

61 Minutes, RRMG, 20–27 May 1975, FE.0.4 
101129d, RHA.

62 Minutes, RRMG, 11–16 June 1969, FE.0.4 
101129c, RHA.

63 Minutes, RRMG, 4–9 June 1964, FE.0.4 
101129a, RHA.
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described earlier. When they found that a compound had an 
e�ect, that is, if it inhibited tumour growth or made tumours 
shrink, this was a potential lead. �ey would take a closer look at 
the substance: what were the chemical characteristics that might 
explain the e�ects it had on tumours in the laboratory animals? 
�en they would talk to the Roche chemists, who would go on 
and synthesise derivatives of the lead substance, which in turn, 
would be tested in Schnitzer’s and Grunberg’s animal models. 
If one of the newly synthesised compounds was more e�ective 
than the lead, this was a possible direction of travel for further 
development.

�e story of Natulan had links to another Roche success: 
the development of isoniazide, marketed in 1952 as Rimifon, 
and Iproniazid, marketed as Marsilid, which was less e�ective 
against tuberculosis, but turned out to be an e�ective drug for 
treating depression.64 Werner Bollag in his reminiscences mentions 
experiments undertaken by the Swiss pharmacologist Albert 
Zeller, who explored the e�ects of hydrazine derivatives (organic 
compounds with a nitrogen-nitrogen bond) on the enzyme 
monoamine oxidase in the brain.65 �e chemists in Nutley and 

64 Päuser, ‘Isoniazid (Rimifon)’. The market 
for drugs for the treatment of psychiatric 
illnesses was growing rapidly: see Andrea 
Tone, The Age of Anxiety: A History of 
America’s Turbulent Affair with Tranquilizers 
(New York: Basic Books, 2009).

65 Werner Bollag, ‘The History of Oncology 
in F. Hoffmann-La Roche Ltd’ (n.d.), 
FE.0.8 – 103579d, RHA; Bollag, Studer, 
and Zeller, ‘Half a Century of Oncology 
at Roche’; E. A. Zeller, J. Barsky, and E. R. 
Berman, ‘Amine Oxidases. XI. Inhibition of 
Monoamine Oxidase by 1-Isonicotinyl-2-
Isopropylhydrazine’, The Journal of Biological 
Chemistry 214, no. 1 (1955): 267–74.

RRMG minutes, 4–9 June 1964, p. 31Marsilid



48

Basel synthesised a range of related compounds in the early 1960s, 
probably in pursuit of a safe monamine oxidase inhibitor that could 
be prescribed as an antidepressant (Marsilid had to be withdrawn 
in 1961 because there was evidence that it damaged patients’ 
livers). �e Roche researchers also screened these compounds 
for e�ects on cancer in their laboratory animal models. 

One of the compounds they screened was 1-Methyl-2-
benzyl-hydrazine, which they found to have a pronounced 
tumour inhibitory e�ect. However, the therapeutic range of the 
substance was not great, and it did cause liver damage in the 
experimental animals.66 At Roche Basel, in 1962, the chemist Paul 
Zeller synthesised several hundred variations of this structure to 
�nd one that was more e�ective and less toxic.67 About forty of 
these variations inhibited tumour growth in the mouse model 
used to screen the compounds. It turned out that all molecules 
which slowed down tumour growth shared one general formula: 
they had a nitrogen-nitrogen (hydrazine) bond with an organic 
radical bound to one of the two nitrogen atoms, and a methyl 
group with another organic radical to the other. 

R-NH-NH-CH2-R 

Two of these methylhydrazine compounds were selected 
for further biological and clinical trials, which were going to be 
overseen by Werner Bollag in Basel and Emanuel Grunberg in 
Nutley. �ey tested their e�ects on �ve di�erent transplantable 
tumour models and observed, as they put it, that ‘tumour growth 
… was markedly inhibited’.68

One of these substances was 1-methyl-2-p-(isopropyl-
carbamoyl) benzyl-hydrazine hydrochloride. In an attempt to 
understand why it inhibited tumour growth, Bollag collaborated 
with a cell biologist at the University of Zürich, A. Rutishauser. �ey 
found that the compound suppressed cell division. Cells seemed 
to be stuck in the interphase, the phase of the cell cycle before 
duplication of the DNA takes place. �e ratio of cells undergoing 
mitosis at any time was reduced by about 90 percent (mitosis is 
the phase of the cell cycle where the duplicated DNA is divided 
up into two halves, the chromatids).69 �ey also observed a high 
number of breaks in chromatids. �e compound, also known as 
ibenzmethyzin, and later under the generic name procarbazine or 
the brand names Natulan and Matulane, appeared to inhibit DNA 
synthesis.70 Its e�ect, thus, was quite similar to the alkylating agents 
derived from nitrogen mustard.

66 W. Bollag and E. Grunberg, ‘Tumour 
Inhibitory Effects of a New Class of Cytotoxic 
Agents: Methylhydrazine Derivatives’, 
Experientia 19 (1963): 130–31.

67 P. Zeller et al., ‘Methylhydrazine Derivatives, a 
New Class of Cytotoxic Agents’, Experientia 
19, no. 3 (1963): 129–129.

68 Bollag and Grunberg, ‘Tumour Inhibitory 
Effects of a New Class of Cytotoxic Agents’, 
130.

69 A. Rutishauser and W. Bollag, ‘Cytological 
Investigations with a New Class of Cytotoxic 
Agents. Methylhydrazine Derivatives’, 
Experientia 19 (1963): 131–32.
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In August 1962 procarbazine was available for clinical 
testing. �e Phase I trial and a �rst Phase II study were conducted 
at the Haematology and Oncology Department of the Kantonspital 
hospital in Zürich by A. d’Alessandri and colleagues. By the 

OHP Slide by Werner Bollag, illustrating the origins of Natulan71

time they published their results, they had treated 67 patients 
with di�erent cancers, in 31 cases su�ciently long to expect a 
measurable e�ect on tumour growth. 17 patients with malignant 
lymphomas showed remission and improved remarkably. �e 
condition of patients with other cancers did not improve. �eir 
preliminary �ndings, d’Alessandri suggested, warranted further 
extensive clinical trials.72

One of the other groups testing procarbazine in the clinic 
was that of Georges Mathé in Villejuif near Paris, the leading 
cancer centre in France, where Werner Bollag had spent time as a 
research fellow in the early 1950s.73 �e haematologist Mathé was 
one of the pioneers of cancer chemotherapy in France, although 
he was said to have become sceptical about what he perceived as 
an overreliance on chemotherapy following a year spent at the 
Memorial Sloan Kettering Cancer Centre in New York and working 
with the likes of Karnofsky and Burchenal. He was going to be an 
enthusiastic supporter of immunotherapy in the 1970s. Mathé 
was a founding member and the �rst president of the European 
Organization for Research and Treatment of Cancer (EORTC) and 

70 A. Rutishauser and W. Bollag, 
‘Untersuchungen über den 
Wirkungsmechanismus von Procarbazin 
(Natulan)’, Experientia 23, no. 3 (1967): 
222–23.

71 Bollag, ‘The History of Oncology in F. 
Hoffmann-La Roche Ltd’.

72 A. D’Alessandri et al., ‘Erste klinische 
Erfahrungen mit einem neuen Cytostaticum’, 
Schweizerische Medizinische Wochenschrift 
93 (1963): 1018–24.

73 G. Mathe et al., ‘Methyl-Hydrazine in 
Treatment of Hodgkin’s Disease and Various 
Forms of Haematosarcoma and Leukaemia’, 
Lancet 2, no. 7317 (1963): 1077–80.



50

the Society of Medical Oncology (SMIC), which later turned into 
the European Society for Medical Oncology (ESMO).74

Roche aimed to generate awareness of the new compound 
by sponsoring two workshop conferences, attended by many of 
the internationally leading oncologists at the time. From 28 April 
to 1 May 1964, Roche held a symposium on the Chemotherapy 
of Cancer at the Palace Hotel in Lugano, Switzerland, in honour 
of the company’s Head of Research, Placidus Plattner, who was 
celebrating his 60th birthday. �e list of delegates included some 
of the best-known pioneers of cancer chemotherapy research, 
such as Burchenal and Karnofsky. Many of those attending, like 
Charles Heidelberger and Georges Mathé, had experience with 
the use of 5-FU or Natulan.75

June 1964

‘Clinical trials of Natulan, Ro 4-6467, in Basle and Welwyn 
have established its efficiency in Hodgkin’s disease and other 
malignant lymphomas. Certain solid tumors also respond whereas 
results in leukemias are not promising. Clinical experience in the 
U.S.A. is less extensive but a high degree of interest exists there 
as well. The lack of cross resistance with other carcinostatic 
agents and x-rays indicates that the methylhydrazines have a 
different mechanism of action. Further work on metabolism and 
mode of action will continue.’76

RRMG meeting minutes, 4-9 June 1964, p. 31

In June 1965, while the Roche research managers were 
meeting in Lugano, Natulan was introduced in Switzerland.77 On 
22 June, Roche sponsored a symposium on Natulan at Downing 
College, Cambridge.78 �e participants included leading British 
oncologists of the day, such as Brian Windeyer of the Middlesex 
Hospital; D.A.G. Galton of the Chester Beatty Institute and 
the Royal Cancer Hospital, London; Gordon Hamilton Fairley, 
the haematologist and pioneer of medical oncology in Britain; 
Ian Todd of the Christie Hospital in Manchester, and many 
others. Werner Bollag, of course, was also present. Perhaps not 
surprisingly, given the dominance of radiotherapy in Britain 

74 Douglas Martin, ‘ Dr. Georges Mathé, 
Transplant Pioneer, Dies at 88’, New York 
Times, 20 October 2010.

75 PE.2.PLP 101991b, RHA.
76 Minutes, RRMG meeting, 4–9 June 1964, 

FE.04 101129a, RHA.
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FE.0.4 101129a, RHA.
78 A.M. Jelliffe and John Marks (eds), Natulan 

(Ibenzmethyzin): Report of the Proceedings 
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and the strong presence of radiotherapists at the conference, the 
conclusions were very cautious. Natulan had very little place in the 
treatment of solid tumours, Galton suggested in his concluding 
remarks. However, he conceded: 

There is no doubt that ibenzmethyzine is about 
to enter the conventional ladder of therapy 
in the treatment of Hodgkin’s disease.79

Roche Nutley was planning to submit a New Drug 
Application (NDA) in autumn 1966. This turned out to be 
impossible. The next target date was in summer 1967, for an 
application restricted to the treatment of Hodgkin’s lymphoma. 
Due to quick staff turnover at the FDA, the Roche managers 
found it difficult to predict how long it would take the agency 
to process applications. Requirements appeared to change, 
depending on who was processing an application.80 In fact, FDA 
approval took another three years, until 1969. But the clinical 
researchers developing new chemotherapy regimens at the 
NCI in Bethesda had taken notice of the new compound, and 
Natulan was quickly included in new, experimental combination 
chemotherapy regimens, well before it received FDA approval 
for routine use.

12. The chemotherapists

One of the main problems with cancer chemotherapy, besides 
the unpleasant and occasionally distressing side e�ects, was that 
a�er a period of relief the tumours always came back. Even if 
the initial e�ects were impressive and occasionally seemed to 
border on the miraculous, a�er a few weeks, months, and in some 
cases years, the new medicines stopped working. Many promoters 
of cancer chemotherapy were resigned to this: if you wanted to 
cure a patient from cancer, you needed surgery or radiotherapy. 
Chemotherapy could only ever be expected to palliate, to reduce 
the distress caused by a tumour that could not be operated or 
radiated. But what should be done about those malignant diseases 
where surgeons and radiotherapists could not do anything, such 
as leukaemia?

In 1953, a young doctor, Emil Freireich, son of Hungarian 
immigrants to the US, joined the NCI following a haematology 

79 Ibid.
80 K. Feinstein, Bericht über das RRMG 1966, 

21 June 1966, FE.0.4 101129b, RHA.
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fellowship to work in the Institute’s Leukaemia Section and 
Medicine Branch led by his near-namesake Dr Emil Frei. In 1955, 
jointly with the Clinical Director of the NCI, Gordon Zubrod, Frei 
and Freireich devised an innovative methodology for a leukaemia 
treatment trial, which involved administering a combination of 
two antimetabolite drugs, 6-mercaptopurine and amethopterine 
(methotrexate), rather than trying one drug when the other had 
stopped working. Conventional wisdom was to not combine 
medications, especially if they were as toxic and powerful as these 
chemotherapy drugs, to avoid unexpected and unmanageable 
drug interactions, and make sure that you had another drug in 
the arsenal if and when the �rst one failed.81

Frei, Freireich and Zubrod were joined for the trial by James 
Holland, who had experimented with combination chemotherapy 
at the NCI in 1953, before assuming the directorship of the Cancer 
Clinical Research Center at Roswell Park Cancer Institute in 
Bu�alo, New York. �is �rst cooperative trial of a combination 
chemotherapy regime became known as Protocol  1. The 
‘protocol’ approach developed at the NCI marked a new chapter 
in modern cancer medicine.82 Protocol 1 gave rise to Protocol 
2, which involved 13 academic institutions, and Protocol 2 was 
succeeded by Protocol 3, whose goal was no longer just palliation, 
but prolonged remission. In 2015, on occasion of his retirement, 
Freireich talked about the trials to the newsletter of the American 
Society for Clinical Oncology (ASCO):

‘Everyone said it [combination chemotherapy] 
would be worse, because if you fail with 
the combination there is nothing else to 
give, whereas if you fail with one drug, 
you’ve got another one to use. But it turned 
out that the combination was better than 
the sequence, and we were off.’83

A decade later, in 1963, when Vincent DeVita joined the 
NCI as a 28-year old Clinical Associate, Zubrod, Frei, Freireich 
and their colleagues were known as ‘the Chemotherapists’. �ey 
were still administering experimental treatments to children 
with leukaemia and other malignant diseases. �ey were also 
still devising protocols for combination chemotherapy, and if 

81 E Frei, ‘Combination Chemotherapy’, 
Proceedings of the Royal Society of 
Medicine 67, no. 6 Pt 1 (1974): 425–33; On 
Frei, Freireich, and other pioneers of cancer 
chemotherapy, see John Laszlo, The Cure 
of Childhood Leukemia: Into the Age of 
Miracles (New Brunswick: Rutgers University 
Press, 1995); Grant Taylor, ed., Pioneers in 
Pediatric Oncology (Houston: University of 
Texas M.D. Anderson Cancer Center, 1990).

82 The best history of this new approach 
in oncology and its impact is Keating 
and Cambrosio, Cancer on Trial; a short 
introduction is provided in Peter Keating and 
Alberto Cambrosio, ‘Cancer Clinical Trials: 
The Emergence and Development of a New 
Style of Practice’, Bulletin of the History of 
Medicine 81, no. 1 (2007): 197–223.

83 Jo Cavallo, ‘A Lasting Legacy: As Emil 
J Freireich, MD, Gets Ready to Retire, 
He Leaves behind a Legion of Oncology 
Triumphs’, The ASCO Post, 10 August 2015.
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anything they were more controversial than in the 1950s. By 
then they were administering a combination of four drugs that 
all had di�erent mechanisms of action, known as VAMP: V as 
in vincristine, a drug developed by Eli Lilly originally to treat 
diabetes, which had been found to inhibit tumour growth; A as 
in amethopterin; M for 6-mercaptopurine; and P for prednisone, 
a steroid hormone derivative which had been developed by six 
di�erent companies simultaneously. �e VAMP protocol required 
the treatment to continue until remission had been achieved, 
de�ned as a reduction of the proportion of leukaemic cells in the 
bone marrow to below �ve percent. When in remission, patients 
were submitted to ten more courses of treatment. And if there 
was a relapse, the treatment started again. Frei and Freireich 
were practicing what DeVita characterised as ‘a form of take no 
prisoners medicine that o�en went against what we’d been taught 
in medical school’.84 �e assumption underlying VAMP was that 
a single cancerous cell could lead to a remission; therefore, not a 
single cancerous cell should survive the therapy.85

Frei and Freireich were in charge of a ward at the NIH clinical 
center in Bethesda, full of extremely sick children su�ering from 
leukaemia, a disease that without treatment would have led to 
certain death. And they treated these children with combinations 
of chemicals at toxic or near-toxic doses, nearly killing them in 
the process. But they monitored their patients extremely closely 
and developed unconventional solutions which many doctors at 
the time considered as unethical. Bleeding and susceptibility to 
infections encountered as a consequence of the chemotherapy 
were being alleviated by transfusions of blood platelets and white 
blood cells. If there was just the hint of a suspicion of an infection, 
children were administered with a whole cocktail of di�erent 
antibiotics at the same time. If there was a risk that a child was 
developing meningitis, Freireich treated this with injections 
of antibiotics directly into the spinal �uid, against the explicit 
instructions of the label on the vial. As a consequence, about 
one in four of these children did not die, went into remission 
and le� the hospital with a realistic prospect of never having to 
come back.86

Increasingly, similar approaches were adopted elsewhere, 
not only in the US. A new medical sub discipline developed 
around cancer chemotherapy as an experimental practice: 
medical oncology.87 By the mid-1970s, long-term remissions had 
become so frequent that childhood leukaemia was considered 
curable.88 �e masculine, heroic approach to medicine that the 

84 DeVita and DeVita-Raeburn, The Death of 
Cancer, 52.

85 Keating and Cambrosio, Cancer on Trial.
86 DeVita and DeVita-Raeburn, The Death of 

Cancer.87 Pickstone, 
‘Contested Cumulations’.

88 Emm Barnes, ‘Between Remission and 
Cure: Patients, Practitioners and the 
Transformation of Leukaemia in the Late 
Twentieth Century’, Chronic Illness 3, no. 4 
(2007): 253–64.
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chemotherapists practised, however, continued to have its critics. 
�ey did not allow themselves (and their patients) to ever ‘give 
up’, even when the side e�ects were gruesome, the treatment was 
not a cure, and the survival time gained short. �is ethos, which 
served them well when cancers responded to therapy but not 
if it did not, stood in marked con�ict with a di�erent, equally 
important approach to palliative medicine that was emerging 
around the same time, associated with the hospice movement and 
the name of Cicely Saunders. If death was inevitable, Saunders 
and her followers argued that it should be digni�ed and not 
marked by unnecessary su�ering in�icted by doctors. �e tension 
between the two approaches is still di�cult to reconcile: who is 
to decide when the moment has arrived when a patient trajectory 
is inevitably terminal?

13. Chemotherapy for adult cancer patients

Childhood leukaemia, the disease for which the chemotherapists 
achieved their �rst successes, was di�erent from solid cancers, 
for which there were established treatments. �is made it more 
challenging to persuade patients to undergo experimental 
chemotherapy, and doctors to refer them for chemotherapy trials, 
except as a therapy of last resort, when everything else had failed. 
In addition to the children’s leukaemia ward, DeVita was also 
assigned to a solid tumour ward at the NIH Clinical Center, and 
the atmosphere he experienced there was very di�erent from 
that in the ward run by Freireich. Patients were older, they had 
other forms of cancer: melanoma, brain cancers, chronic myeloid 
leukaemia, breast, colon, or pancreatic cancer, some lymphomas, 
including Hodgkin’s disease. All had advanced disease and had 
been referred because their doctors had run out of options. Most 
of the studies deVita was involved with were Phase I studies, 
designed to determine the maximum tolerated dose of a drug that 
could be administered without killing a patient.89

As a second-year clinical associate, DeVita was expected to 
design a project. Together with a fellow associate, Jack Moxley, 
he proposed to dra� a protocol for Hodgkin’s disease. Hodgkin’s 
usually starts out as a solid tumour in the lymph nodes in the neck 
or chest, and then spreads from lymph node to lymph node. �e 
disease was not a good candidate for surgery, but at an early stage 
could be treated with radiotherapy. A Canadian radiotherapist, 
Vera Peters had shown that about a third of her patients, o�en 

89 DeVita and DeVita-Raeburn, The Death of 
Cancer.



55

90 D.H. Cowan, ‘Vera Peters and the Curability 
of Hodgkin Disease’, Current Oncology 15, 
no. 5 (2008): 206–10.

91 E. Frei et al., ‘Approaches to Improving the 
Chemotherapy of Hodgkin’s Disease’, Cancer 
Research 26, no. 6 (1966): 1284–89.

young adults in their 20s or 30s, could expect a normal life span 
if she irradiated not only the obviously a�ected lymph nodes, but 
also those nearby, which were apparently una�ected.90 But success 
depended on early detection, and in many cases the disease was 
too advanced by the time a patient’s symptoms were attributed to 
cancer and Hodgkin’s disease was diagnosed. DeVita hypothesised 
that in those cases combination chemotherapy could work.

Exploratory studies with mice had shown that four 
individually effective drugs were needed for an effective 
combination. However, in 1963 there were no four drugs 
known to be e�ective against Hodgkin’s. DeVita was going to 
use nitrogen mustard or one of its derivatives, a plant alkaloid 
such as vincristine, and a corticosteroid. �ere was a new drug, 
procarbazine, praised by a visiting French colleague, Georges 
Mathé, but it had no clinical track record. Frei suggested that 
they used methotrexate instead. �ey christened the new protocol 
MOMP: M as in mustard, O for Oncovin, the brand name for 
vincristine, M for methotrexate, and P for prednisone. Although 
there was some opposition, they gained approval to enrol 14 
patients, which was the minimum number at which a meaningful 
outcome could be expected. �ey would be treated as in-patients 
at the NCI, over two and a half months. �e results were extremely 
promising: 12 of their 14 patients went into initial remission, and 
9 stayed in remission, while 3 relapsed. �is was a very successful 
proof of concept.91

For the next study, DeVita replaced methotrexate with 
procarbazine, which by now was better characterised: Mathé and 
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92 Mathe et al., ‘Methyl-Hydrazine in Treatment 
of Hodgkin’s Disease and Various Forms of 
Haematosarcoma and Leukaemia’.

93 V. T. DeVita, G. P. Canellos, and J. H. Moxley, 
‘A Decade of Combination Chemotherapy 
of Advanced Hodgkin’s Disease’, Cancer 30, 
no. 6 (1972): 1495–1504.

his colleagues in Villejuif had published their results from a trial 
involving the drug in the prestigious British medical journal �e 
Lancet.92 �e new protocol was called MOPP. �e other signi�cant 
di�erence from MOMP was the duration of treatment: laboratory 
studies had shown that the Hodgkin’s cells divided much more 
slowly than leukaemia cells. In order to catch every last cancer 
cell without in�icting irreparable damage on the patients’ bone 
marrow, the treatment had to continue for much longer. DeVita 
and Moxley decided that they needed to treat their MOPP patients 
for six months. Patients would not need to be hospitalised; they 
would stay in a motel in downtown Bethesda that the NIH had 
acquired for such purposes. �is meant that patients could be 
recruited not only from the surrounding area, but from all over 
the US. In 1964, DeVita and Moxley started placing ads in medical 
journals to recruit patients for the new study. For a robust study 
of MOPP’s e�ectiveness, they needed patients with advanced 
disease who had not received any other form of treatment. Only 
once MOPP had been demonstrated to be e�ective, they could 
roll it out to patients who had received other treatments.

In 1965, Frei, who had mentored and protected DeVita, le� 
to develop chemotherapy at the MD Anderson Cancer Center 
in Houston, Texas, and Freireich le� with him. DeVita’s term as 
clinical associate was also ending later that same year, and he le� 
to take up a residency at Yale University. MOPP was managed by 
Arthur Serpick, who was enlisting patients at the NCI’s Baltimore 
centre. Recruitment was slow until DeVita returned a year later. 
By 1967 they had treated 30 patients with the protocol, and 43 
by 1969. �e results were remarkable. 80 percent of the patients 
in the MOPP study were still cancer free a�er 36 months, and 70 
percent of the patients of the MOMP pilot study were alive and 
without cancer a�er 8 or 9 years. DeVita and his NCI colleagues 
had provided clear proof that chemotherapy could o�er a cure 
for some solid cancers.93

14. The big killers

The success that DeVita and his colleagues at the NCI had 
achieved with the MOPP protocol, which included Roche’s drug 
procarbazine (Natulan) was spectacular, but Hodgkin’s lymphoma 
accounted for less than one percent of all newly diagnosed cancer 
cases. Well over half of new cancer cases were breast, lung, bowel, 
stomach or prostate cancers, and if chemotherapy played any 
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role at all in the treatment of these cancers, it was palliative, to 
alleviate symptoms. Surgery and radiotherapy were the standard 
treatments, and only these modalities were expected to prolong 
patients’ lives. 

In the great majority of breast cancer patients the disease 
appeared to be localized, and thus suitable for surgical removal. 
Most were sent home as potentially cured when the surgeon was 
sure to have caught and removed all cancerous tissues, including 
lymph nodes. But in many cases the cancer came back. �is 
observation prepared the ground for the concept of adjuvant 
chemotherapy, the administration of a cytotoxic drug (or a 
combination) in addition to surgery, as a systemic therapy with 
the potential to kill any remaining cancerous cells. �is is where 
we have to revisit 5-FU. 

5-FU, which DeVita in his memoirs praised as ‘the �rst 
real targeted therapy’, was one of the most frequently prescribed 
antimetabolites, despite its serious side e�ects, and it was known 
to be e�ective against breast cancer and colorectal cancer.94 It 
was an obvious candidate for a combination chemotherapy 
regimen to treat breast cancer. In 1969, DeVita and his colleague 
George Canellos started to devise a new protocol, CMF, which 
combined the alkylating agent cyclophosphamide and the 
antifolate methotrexate with 5-FU. As was the case for all new 
regimens, the �rst study involved patients with advanced disease. 
�e strategy was to achieve a proof of concept and subsequently 
apply chemotherapy increasingly earlier in a patient pathway in 
what Peter Keating and Alberto Cambrosio in their book on the 
history of cancer chemotherapy trials have described as ‘an e�ort 
to shi� chemotherapy to the front of the therapeutic line’.95 �e 
chemotherapists found allies in surgeons, such as Bernard Fisher, 
who criticised the status of the radical mastectomy as a default 
treatment and was hoping that adding chemotherapy o�ered a 
path towards less radical and dis�guring surgical interventions.96

In January 1971, Canellos and DeVita started to recruit 
patients with metastatic breast cancer for their Phase II CMF 
trial, women who had not been treated with cytotoxic drugs 
before. By 1974, they had enrolled 40 women in the study, aged 
between 23 and 63. In two thirds of the patients the tumours 
regressed measurably, and in 20 percent all measurable tumours 
disappeared. Unfortunately, even in these cases the disease 
returned a�er a while. Still, the chemotherapy prolonged the 
lives of these patients, in some cases substantially.97 �e trial 
was followed by a phase III study comparing L-PAM with CMF, 

94 DeVita and DeVita-Raeburn, The Death of 
Cancer, 154.

95 Keating and Cambrosio, Cancer on Trial, 197.
96 Lerner, The Breast Cancer Wars.
97 G. P. Canellos et al., ‘Combination 

Chemotherapy for Advanced Breast Cancer: 
Response and Effect on Survival’, Annals of 
Internal Medicine 84, no. 4 (1976): 389–92.
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which demonstrated that women treated with the combination 
therapy CMF were likely to survive longer than those treated 
with the single alkylating agent L-PAM.98

Canellos and DeVita suggested that the e�ect might be 
even greater if these patients were receiving chemotherapy 
as an adjuvant to surgery. But the NCI did not have a breast 
cancer programme, and they found it difficult to identify 
enough surgeons willing to collaborate. Many surgeons and 
radiotherapists were still highly suspicious of the claims of the 
chemotherapists. �e solution was an international collaboration. 
In 1969 they persuaded an Italian surgeon to work with them, 
Umberto Veronesi, the director of the Istituto Nazionale dei 
Tumori in Milan, and a medical oncologist based at the same 
institute, Gianni Bonadonna. Born in 1934, Bonadonna had 
graduated from the University of Milan in 1959 with a degree 
in Medicine and Surgery. During his postdoctoral training 
from 1961 to 1964 he had been a research fellow at Memorial 
Sloan Kettering Cancer Center.99 �e NCI �nanced the study 
undertaken at the Istituto Nazionale dei Tumori, not with a grant 
but under a contract.100 �e trial demonstrated, as Bonadonna 
and his colleagues concluded, that

Patients with potentially curable breast cancer 
and with positive axillary lymph nodes at 
the time of mastectomy show a statistically 
significant reduction in recurrence rate 
during the first 27 months after radical 
mastectomy when treated with cyclic 
prolonged combination chemotherapy.101

James Holland, another important pioneer of cancer 
chemotherapy praised Bonadonna’s study in an editorial in the 
renowned New England Journal of Medicine as of ‘monumental 
importance’, because it had shown that breast cancer, in fact, was 
not a local disease that could be cured by surgery alone.102 �e 
story was important enough to be taken up by newspapers such 
as the New York Times.103 Although there were critical voices, 
sceptical as to whether the time was ripe for translating such 
experimental approaches into routine therapy, it seemed evident 
that systemic treatment with chemotherapy helped to control 

98 G. P. Canellos et al., ‘Combination 
Chemotherapy for Metastatic Breast 
Carcinoma. Prospective Comparison of 
Multiple Drug Therapy with L-Phenylalanine 
Mustard’, Cancer 38, no. 5 (1976): 1882–86.

99 Kurt Samson, ‘Remembering Gianni 
Bonadonna’, Oncology Times 37, no. 20 
(2015): 14.

100 On contract research at the NCI, see 
Scheffler, A Contagious Cause.

101 G. Bonadonna et al., ‘Combination 
Chemotherapy as an Adjuvant Treatment in 
Operable Breast Cancer’, The New England 
Journal of Medicine 294, no. 8 (1976): 
405–10.

102 J. F. Holland, ‘Editorial: Major Advance in 
Breast-Cancer Therapy’, The New England 
Journal of Medicine 294, no. 8 (1976): 
440–41.

103 Jane E. Brody, ‘Drugs Found Supplement To 
Breast Cancer Surgery’, New York Times, 
18 February 1976.
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possible micro metastases and stopped secondary cancers from 
developing elsewhere in the patients’ bodies.

Beyond what the results of Bonadonna’s study meant for 
women with breast cancer and for the status of chemotherapy as 
a potential cure for some cancers, the historians Peter Keating 
and Alberto Cambrosio have suggested that these trials marked 
a new phase in the history of clinical research, with increasingly 
bigger, methodologically more sophisticated, and more expensive 
studies, which rede�ned the diseases they were designed to study, 
and which created more and more di�erentiated subpopulations 
of patients.104 �is was a precondition for the more targeted 
therapies which we will encounter later in this book. European 
trials had another important e�ect. A decade earlier, in 1960, 
Roche research managers had deplored that ‘there is less interest 
in 5-�uorouracil in Europe than in America due to a fundamental 
di�erence in the attitudes of physicians toward drugs known to 
be toxic’.105 Studies such as those run by Bonadonna or the trials 
of Natulan coordinated by Bollag, also helped to change attitudes 
among European oncologists. 104 Keating and Cambrosio, Cancer on Trial, 

195–209.
105 Minutes, RRMG Meeting, 25–30 April 1960, 

FE.0.4 101129a, RHA.
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15. Roche and chemotherapy in the 1970s

By the mid-1970s, chemotherapy was firmly established as 
a modality in the treatment of cancer. Medical oncologists at 
the main cancer hospitals were training a new generation of 
specialists, who were turning experimental treatments into routine 
therapies. For pharmaceutical companies like Roche, while cancer 
chemotherapy was not a substantial source of income, it was an 
area of steady growth. 

Roche had not made much money with anti-cancer drugs up 
to this point, and neither had anybody else. Sales of anti-cancer 
drugs accounted for only 0.1 percent of the total world market 
in pharmaceuticals in 1966 (11.21 million US dollars in absolute 
terms), projected to increase to 0.3 percent by 1971 (37.12 million 
dollars).106 By the 1980s, Bristol-Myers Squibb was the US market 
leader in anticancer chemotherapy, selling �ve out of the top 
ten anticancer drugs. �is generated 150 million dollars in sales 
and gave Bristol a 40 percent share of the market. �is was still 
small �sh, however, compared to blockbuster drugs which were 
approaching a billion dollars in sales. But the market for anti-
cancer drugs was growing by about 25 percent per year from the 
early 1970s.107 In 1976, in fact, at 58 percent, cytostatics (drugs 
that stop cells from dividing) registered the largest growth of all 
therapeutic groups.108

Roche had two cytostatic drugs in its programme: 5-FU and 
Natulan, which, as we have heard, had a well-established place in 
innovative chemotherapy regimens. �ey were also working on 
other innovative cancer drugs. Werner Bollag was researching a 
new type of drug which he hoped was e�ective against cancer and 
skin conditions, the retinoids, which had their roots in Roche’s 
strong tradition in the production of vitamins, associated with 
the eminent chemist Otto Isler. �is was a type of drug developed 
along traditional lines, with an important role for the chemists 
who prepared derivatives of promising leads which would then 
be tested by medically and biologically trained colleagues for 
their therapeutic e�ectiveness. But this traditional approach was 
increasingly less fertile. From the late 1960s onwards, researchers 
and managers were looking to use a well-�lled war chest to 
invest in new methods in fundamental research and production: 
molecular biology and biotechnology. �is led to a completely 
new type of product: recombinantly produced interferon alpha, 
marketed in 1986 as Roferon-A, which will be the subject of the 
next chapter.

106 Papers for the RRMG meeting, 11–16 June 
1970. FE.0.4 103593f, RHA.

107 Robert Teitelman, Gene Dreams: Wall Street, 
Academia, and the Rise of Biotechnology 
(New York: Basic Books, 1989). One reason 
for this steady growth, as a Roche Oncology 
Task Force Report stipulated in 1986, was 
‘the market’s relative lack of sensitivity to 
high cancer therapy costs and drug price 
increases.’ Oncology Task Force Report, p. 8. 
FE.0.4 105780b, RHA.

108 Minutes, RRMG meeting, 16–18 June 1977. 
FE.0.4 101129d, RHA.

109 PD.2.1.ONK 105031, RHA
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16. Translation or mobilisation?1

On 29 March 1960, Werner Bollag met with Jean Lindenmann to 
talk about the potential of a series of laboratory observations to 
be developed into a marketable drug.2 Bollag had joined Roche 
in 1956 to develop and direct the �rm’s �edgling cancer research 
programme. Lindenmann, also in 1956, had started a one-year 
visiting fellowship at the National Institute for Medical Research 
(NIMR) at Mill Hill on the northern edge of London, supported 
by the Swiss National Academy of Medical Sciences. While in 
London, he studied a phenomenon known as viral interference, 
collaborating with Alick Isaacs, who ran the World In�uenza 
Centre, a small out�t hosted by the NIMR.3 Lindenmann had 
gone to London to learn some elementary virus research skills and 
laboratory techniques, and had not planned to work either with 
Isaacs or on interference. Lindenmann and Alick are credited with 
discovering a new substance which by the 1970s was expected 
to revolutionise the treatment of viral illnesses and cancer: 
interferon. By 1986, 30 years a�er Lindenmann’s stay in London, 
and 26 years a�er the meeting with Bollag, Roche was able to 
clinically test, register, mass-produce and �nally market a form 
of interferon under the brand name Roferon-A.

It has become increasingly common over the past decade 
and a half, especially in the biomedical sciences, to think 
about the processes that turn scientific observations into 
practical interventions bene�tting patients, as translations.4 �e 
improvement of processes and the invention of e�ective therapies, 
besides knowledge gain, have long been central goals of medical 
research, and hence there has been much interest in studying, 
planning, and streamlining translation. Abandoning the largely 
discredited ‘linear model’ (the assumption of a straight line of 
development from discovery to application), but not the desire 
to develop generalizable statements, research on translation is 
generating increasingly complex maps of the processes involved.5
Time lags and the question what happens during these time lags 
have been central to some of this scholarship. �e average time 
lag in the translation of research, curiously, appears to be 17 years, 
with �gures ranging from one to more than 300 years. However, it 
is unclear why this is the case, how time lags can be meaningfully 
measured, and even what time lags should be measured: where 
does the process of translation start, and when does it end? 

�inking about the 30 years between Lindenmann’s stay at 
the NIMR and the marketing of Roferon-A in terms of translation 

1 A slightly different version of the interferon 
story has been published as Carsten 
Timmermann, ‘How to Produce “Marketable 
and Profitable Results for the Company”: 
From Viral Interference to Roferon-A’, History 
and Philosophy of the Life Sciences 41, no. 3 
(2019).

2 Memo, 29 March 1960, PD.3.1 103270i, RHA.
3 On Lindenmann at Mill Hill, see Toine 

Pieters, Interferon: The Science and Selling 
of a Miracle Drug, Routledge Studies in the 
History of Science, Technology & Medicine 
(London: Routledge, 2005), 9–32.

4 See, for example, Christopher P. Austin, 
‘Translating Translation’, Nature Reviews 
Drug Discovery, 20 April 2018,  
http://dx.doi.org/10.1038/nrd.2018.27.

5 See, for example, John Wagner et al., ‘A 
Dynamic Map for Learning, Communicating, 
Navigating and Improving Therapeutic 
Development’, Nature Reviews Drug 
Discovery 17, no. 2 (2018): 150.
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maps, pipelines and time lags is fairly meaningless. �e Roferon-A 
story, furthermore, addresses important misconceptions about 
the respective roles of established pharmaceutical companies 
and new biotech start-ups in what has come to be known as the 
‘Biotech Revolution’. Rather than just providing the funds, at least 
in Roche’s case, the ‘old’ company played a more integral role than 
is assumed by many commentators. ‘Disruption’ of established 
structures, in turn, played a smaller part than it is fashionable to 
assume. Historians of interferon have tended to underestimate the 
importance of expertise and skills contributed by researchers at 
the Roche Institute of Molecular Biology (RIMB) and the Basel 
Institute for Immunology (BII). For Roferon-A, one of three 
commercially available interferons approved by the FDA for the 
treatment of cancer and virus infections in 1986, it makes more 
sense to speak of ‘mobilisation’ of ‘organizational capabilities’ 
(as de�ned by the eminent business historian Alfred Chandler), 
than ‘translation’ when describing the processes that turned a 
scienti�c observation into a commodity.6 �is mobilisation and 
transformation took place in the 1970s and early 1980s at Roche’s 
US headquarters in Nutley, New Jersey, and the RIMB, located 
at the same site.

6 Chandler, Shaping the Industrial Century.

Roferon-A packaging and vial with solvent, 1980s
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17. From interference to interferon

In the weeks and months following his arrival at the NIMR in 
1956, Lindenmann grew increasingly unhappy with the project 
he was assigned by his o�cial host and supervisor, Christopher 
Andrewes, a renowned expert on animal viruses.7 When he was 
introduced to Isaacs, who worked in the laboratory next door, 
Lindenmann and Isaacs discovered that they shared an interest in 
viral interference, the observation that cells infected by one virus 
appeared to be resistant to infection by a second virus. Neglecting 
Lindenmann’s o�cial tasks in Andrewes’ lab, they started a series 
of experiments investigating this phenomenon. �ey found that 
interference was a host response to virus infection and not, as 
most virologists then assumed, a reaction initiated by the �rst 
virus to stop the next from taking control of the host cells. �eir 
experiments also demonstrated that interference was mediated by 
a substance released by the host organism, which they christened 
‘interferon’. A series of biochemical tests, undertaken with the help 
of a biochemist, Derek Burke, suggested that the substance was a 
protein. Lindenmann presented a paper on his work at the NIMR 
to the Annual Meeting of the Swiss Society of Microbiology in 
1957. �is was followed by a text in the MRC’s Annual Report, 
a series of two articles in the Proceedings of the Royal Society of 
Medicine, and short announcements in the Lancet and the British 
Medical Journal.8 Over the next few years, Isaacs established 
contacts with a number of other virologists around the globe, who 
had made similar observations. A small international community 
of ‘interferonologists’ developed around these contacts, which was 
well established by the mid-1960s.

�e discovery of interferon did not go unnoticed outside 
the doors of virology laboratories. �e British press reported 
on the ‘viral penicillin’ with some excitement. Drug companies 
also showed interest. A virologist working for Roche’s Basel 
rival, the pharmaceutical company Ciba involved Lindenmann 
in a ‘corridor chat’ following his presentation, but Isaacs did not 
think it was a good idea to share the manuscript with anyone 
working for a commercial �rm.9 He did, however, talk to his 
bosses at the MRC about the clinical potential of interferon. �e 
MRC �led patent applications in the US, Canada and Germany 
in 1958, but as more than six months had passed between the �rst 
publication and the application, they could not obtain a British 
patent. Following his meeting with Lindenmann in the spring 
of 1960, Werner Bollag noted that the lack of speci�city in the 

7 Pieters, Interferon.
8 Ibid, 37.
9 Ibid, 34.

Roche Institute for Molecular 
Biology (RIMB), Nutley NJ
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interferon response was promising and potentially advantageous 
for developing a chemotherapeutic application against a variety 
of virus diseases. He felt that much basic research still needed 
to be done, but recommended to pursue the lead with modest 
means.10 However, for the next 10 years, no-one at Roche paid 
much attention to interferon.

18. Roche and the pharmaceutical world 
market in the 1960s

Roche was a well-established global pharmaceutical company, 
and in excellent �nancial health by the 1960s. It had been a 
trailblazer in the production and sale of synthetic vitamins since 
the inter-war period, and the tranquilisers Librium and Valium, 
introduced in 1960 and 1963, were about to top the list of best-
selling drugs world-wide for several years.11 In 1968, the world 

10 Bollag Memo, 29 March 1960, PD.3.1.RFA 
103270i, RHA.

11 On Roche’s role in commodifying vitamins, 
see Beat Bächi, Vitamin C für alle! 
Pharmazeutische Produktion, Vermarktung 
und Gesundheitspolitik (1933–1953) (Zürich: 
Chronos, 2009). On Valium: Tone, The Age of 
Anxiety.

Basel Institute for Immunology (BII)



68

market in pharmaceuticals – that is sales in pharmacies and 
hospitals at manufacturer prices – was worth about 10 billion 
US Dollars. European countries accounted for 40 percent of 
this market, and North America for 28 percent. 26.5 percent 
of the revenue was generated in the US alone, where Roche, at 
its base in Nutley, had a very strong R&D centre.12 �e most 
important single country for Roche outside the US, generating 
16.5 percent of the income, was Japan. Roche was one of the 
few Western pharmaceutical companies with strong and long-
standing ties, maintaining a strong base in Kamakura near Tokyo. 
Japan was followed by France with 11 percent, and Germany and 
Italy with 8 percent each. With overall sales of 395 million US 

Advertisement 
for Valium 
in medical 
journals, 
1970s

12 Emil Barell, Roche’s chief executive from 
1920 to 1952, spent the war years away from 
Basel, which was uncomfortably close to the 
German border, running the company from 
the Roche base in Nutley, New Jersey.
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Dollars, Roche with its headquarters in Basel 
and many international bases, was the leading 
pharmaceutical manufacturer world-wide, 
followed by the US-based �rms Merck, Sharp 
& Dohme (MSD) and Lilly. More than half of 
Roche’s income in the late 1960s came from 
Librium and Valium.13 �is was both a blessing 
and a curse. As an internal memo put it, this 
uneven distribution of sales presented ‘the well 
known danger of having too many eggs in one 
basket and when the basket gets a hole, some or 
all of the eggs fall out’.14

Roche’s management knew that the patents 
that granted the �rm a temporary monopoly on 
their best-selling drugs were going to expire in the mid-1970s. 
�e unevenly distributed sales pro�le made the �rm vulnerable. 
Roche had to develop new sources of income, but they also had 
money to spare to do so. And they were determined to invest 
some of the money into basic science. As Roche’s then Head 
of Research, Placidus Plattner stated programmatically in his 
introductory remarks to a Roche Research Management Group 
(RRMG) meeting in 1960: ‘Fundamental research is our only 
source of truly original new products.’15 Roche’s major investment 
in basic molecular biology research shows that this was not just 
lip service. 

13 Memo, Dr K. Feinstein, Betrifft: 
Pharmazeutischer Weltmarkt 1968, FE.0.4 
102852, RHA.

14 Ibid. Spelling and punctuation as original.

Factory building of Roche in 
Kamakura (Japan), 1967

Informational brochure for Librium, 
1960s
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19. Molecular biology

�e new science of molecular biology had initially been funded 
by the Rockefeller Foundation in the interwar period, with the 
intention to promote a new, reductionist focus in biology on the 
fundamental particles of life, inspired by the ‘quantum revolution’ 
in physics.16 It had attracted non-biologists to biology, including 
physicists such as Max Perutz, Max Delbrück or Francis Crick. 
Molecular biologists developed methods that enabled them to 
study the atomic structures of the macromolecules that made 
up living organisms: proteins and two types of nucleic acid (best 
known under the acronyms DNA and RNA). �e new science 
picked up momentum with the discovery of the structure of DNA 
in 1953, and the deciphering of the genetic code hidden in the 
sequence of the four organic bases making up DNA, represented 
by the letters A, C, G and T. It boomed in the 1960s and 1970s, 
producing increasingly detailed knowledge about the mechanisms 
of reproduction at the cellular and molecular level: the replication 
of the strands of DNA in dividing cells and the role of RNA, 
the other nucleic acid, in translating genetic information into 
proteins and transporting it to the places in the cell where these 
proteins were produced. Molecular biologists developed elaborate 
toolkits for manipulating DNA and RNA, and by the early 1970s 
it had become possible to imagine a world where human genes 
and bacterial DNA could be ‘recombined’, and human proteins 
produced by bacteria in fermenters. �ese recombinant DNA 
techniques were a source of excitement as well as concern, leading 
to a voluntary moratorium in 1975, following a conference in 
Asilomar, California, which involved many of the leading pioneers 
of the new science. 17

Molecular biology carried great promises for medicine. 
The new science promised not only a key to a molecular 
understanding of illness and, thus, drugs that targeted disease-
causing malfunctions in the body – such as cancer – at their 
molecular roots. Recombinant DNA technology also created the 
prospect of new production methods for biological molecules 
with therapeutic potential. While pharmaceutical companies in 
their R&D departments adopted the analytical tools created by 
molecular biology relatively quickly, as they hoped that this would 
help them develop a more targeted approach to drug development, 
they may have been reluctant to embrace recombinant DNA 
technology, leaving this �eld to small start-up companies �nanced 
by venture capital, springing up around universities, especially 

15 Minutes of the RRMG meeting in Gottlieben, 
Switzerland, 25–30 April 1960, FE.0.4 
101129a, RHA.

16 On the history of molecular biology, see 
Michel Morange, A History of Molecular 
Biology (Cambridge: Harvard University 
Press, 1998); Lily E. Kay, The Molecular 
Vision of Life : Caltech, the Rockefeller 
Foundation, and the Rise of the New Biology 
(New York: Oxford University Press, 1993); 
Lily E. Kay, Who Wrote the Book of Life? : 
A History of the Genetic Code (Stanford: 
Stanford University Press, 2000).

17 Sheldon Krimsky, Genetic Alchemy: The 
Social History of the Recombinant DNA 
Controversy (Cambridge: MIT Press, 1982).
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in California and around Boston.18 Partly this was due to the 
dominance of chemists, it has been argued, and partly simply 
to conservatism. �e journalist Robert Teitelman in his book 
documenting the biotech revolution characterised the US drug 
companies as ‘the prototypical Republicans of corporate America: 
large, rich, and very conservative.’19

20. RIMB and BII

Roche’s research managers, however, were aware of the new 
science, and they wanted in. They expected that a fertile 
exchange between ‘traditionally capable chemists’ and ‘a group 
of exceptional molecular biologists’ would provide the company 
with opportunities to establish ‘a unique “Long Range Approach” 
in the development of new drugs’.20 But how would they �nd 
these molecular biologists? And more importantly: how would 
they persuade them to work for a pharmaceutical company? 
An o�en-held assumption was that they did not, and that this 
partly explained the success of the biotech start-ups. One big 
advantage of the start-ups was their closeness to universities, 
both geographically and in terms of work culture. For young, 
talented post-docs who liked the work culture they had grown 
accustomed to during their PhDs, and who were keen on a career 
in research, the move from a university lab to a biotech start-up 
was far easier than that to the R&D department of one of the 
established pharmaceutical companies. In fact, in the early days 
this may not even have involved a physical move, as spin-o� 
companies o�en operated from inside university labs. However, 
there were indeed ways by which molecular biologists could be 
persuaded to work for old pharma, and this played an important 
role in the interferon story. 

Roche’s answer was to fund research institutes at or near the 
company headquarters, the Roche Institute of Molecular Biology 
(RIMB) in Nutley and the Basel Institute for Immunology (BII), 
which emulated the work culture and, importantly, the freedom 
of university labs and government-funded research institutes 
such as the US National Institutes of Health, to pursue projects 
because of their intellectual rather than commercial interest, 
and to publish the results in prestigious scienti�c journals.21

Scientists did not, in the �rst instance, work to improve the 
balance sheet of the company; they worked on promoting their 
careers and reputations as scientists. �e bene�ts for the company 

18 On the ‘biotech revolution’ of the 1970s 
and 1980s, see Teitelman, Gene Dreams; 
Susan Wright, Molecular Politics: Developing 
American and British Regulatory Policy for 
Genetic Engineering, 1972–1982 (Chicago: 
University of Chicago Press, 1994); Sally 
Smith Hughes, Genentech: The Beginnings 
of Biotech (Chicago: University of Chicago 
Press, 2011); Nicolas Rasmussen, Gene 
Jockeys: Life Science and the Rise of 
Biotech Enterprise (Baltimore: Johns 
Hopkins University Press, 2014); on the 
longer history of biotech: Robert Bud, The 
Uses of Life: A History of Biotechnology 
(Cambridge: Cambridge University Press, 
1994). Wright points out at least six 
multinational pharmaceutical companies 
initiated small research programmes in 
genetic engineering: Wright, Molecular 
Politics, 83.

19 Teitelman, Gene Dreams, 141.
20 Minutes of the RRMG meeting in Princeton, 

New Jersey, 11–16 June 1970, FE.0.4 
101129c, RHA.

21 One of the explicit goals of the new institutes 
was ‘to enhance Roche’s reputation in the 
scientific world’. Minutes of the RRMG 
meeting, 5–8 June 1968, FE.0.4 103593d, 
RHA.
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were expected to be long-term and indirect. �e reputational 
gains would re�ect positively onto the company sponsoring the 
institutes, and promising results could be shared with the R&D 
department, developed, and commercialised. Post-doctoral 
training programmes provided the company with access to highly 
trained but modestly paid, motivated workers, who did not expect 
permanent positions but could be recruited for jobs in R&D if 
they had the right skills.22

�e Nutley plans took shape very quickly, helped by a series 
of contingencies. Some accounts suggest that the very idea of 
launching the institute was the result of a conversation between 
friends and former laboratory colleagues at a cocktail party in 
Bethesda in 1967: Sidney Udenfriend, founding director of the 
RIMB and then head of a laboratory at the US National Institutes 
of Health (NIH) and John Burns, the new Vice President for 
Research at Roche Nutley. Udenfriend, a protein biochemist had 
joined the laboratory of the future NIH Director, James Shannon 
in the 1950s, during a time of rapid growth, which saw the 
Bethesda institutes transform into a major centre of biomedical 
science.23 Burns had been a friend and colleague of Udenfriend’s 
during their time as postgraduate research students at New 
York University in the 1940s. �eir idea of launching a Roche-
funded basic science institute was enthusiastically supported by 
Roche Nutley’s President, Virginius D. Mattia, a medical doctor. 
Udenfriend also knew Alfred Pletscher, Roche’s Director of 
Research based in Basel, a trained chemist and medical doctor 

22 Michael Bürgi argues that the desire 
to recruit talent was one of the main 
motivations for the investment. Michael 
Bürgi, Pharmaforschung im 20. Jahrhundert: 
Arbeit an der Grenze zwischen Hochschule 
und Industrie, Interferenzen (Zürich: 
Chronos, 2011).

23 Herbert Weissbach and Bernhard Witkop, 
‘Sidney Udenfriend. April 5, 1918 – 
December 29, 1999’, in Biographical 
Memoirs, ed. National Academy of Sciences, 
vol. 83 (Washington, DC: The National 
Academies Press, 2003), 270–99.

RIMB groundbreaking ceremony, J Burns, V Mattia and S Udenfriend
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24 Herbert Weissbach, ‘Reflections on the 
Roche Institute of Molecular Biology 
after 20 Years’, in Forschung Bei Roche/
Research at Roche: Rückblick Und Ausblick/
Reminiscences and Reflections, ed. Jürgen 
Drews and Fritz Melchers (Basel: Editiones 
Roche, 1989), 233.

25 A. Pletscher, Notes for RRMG Meeting, 
30 May 1967, FE.0.4 102852, RHA. See also 
Herbert Weissbach et al., A Camelot of the 
Biomedical Sciences: The Story of the Roche 
Institute of Molecular Biology (Boynton 
Beach: RIMB Adventures, 2016); Weissbach, 
‘Reflections on the Roche Institute of 
Molecular Biology after 20 Years’.

26 Charter reproduced in ibid, 238.
27 Weissbach, ‘Reflections on the Roche 

Institute of Molecular Biology after 20 Years’.

AW Jann at Roche Grenzach (Germany), December 1968

who had spent a year at the NIH as a research scientist in the 
mid-1950s to bring himself up to speed with the latest methods in 
biochemistry.24 Between them, they managed to convince Roche’s 
president, Adolf Walter Jann that this was the right move. Roche 
managers reached agreement with a group of NIH researchers, 
led by Udenfriend, who were willing to leave Bethesda for the 
planned Roche Institute.25

�e RIMB started operating in the same year from an o�ce 
in Bethesda. Mattia signed a Charter, con�rming that the institute 
‘will be wholly devoted to long-range basic research designed 
to shed light on fundamental life processes’.26 The Charter 
granted the scientists at the Institute ‘independence in their 
choice and pursuit of research problems, guided by the scienti�c 

importance of a project.’ �e institute was going to have a Board 
of Advisors: academics of high calibre. Researchers were going 
to be ‘encouraged to accept appointments at local universities 
and to participate in university teaching’. �ere was also going 
to be a postdoctoral training programme and a programme for 
visiting scientists.27 Until laboratory space became available in 
Nutley, the researchers who had committed to joining the RIMB 
and signed a contract with Roche, were encouraged to remain in 
their present locations or spend time as visiting scientists in other 
laboratories. Construction work for the RIMB started on the edge 
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of the Nutley campus in September 1968. Before 
they moved into the new building in May 1971, 
RIMB labs were temporarily accommodated in 
existing buildings. �is prepared the ground 
for productive interactions between RIMB 
researchers and Roche research scientists 
which, according to Weissbach’s history of the 
RIMB, ‘provided an important basis for future 
communication’.28

One of the researchers making the move 
from Bethesda to Nutley was a former member 
of Marshall Nirenberg’s research sta�, Sidney 
Pestka. Nirenberg, an expert on protein synthesis 

completed ground breaking work on deciphering the genetic code 
with Heinrich Matthäi in the 1960s, for which he was awarded a 
Nobel Prize in 1968. He had been Udenfriend’s lab neighbour at 
the NIH and was a member of the RIMB Advisory Board. Pestka 
was interested in the mechanisms by which di�erent antibiotics 
inhibited protein synthesis. At the National Cancer Institute, 
where the Special Cancer Virus Program was gaining momentum, 
Pestka had developed an interest in the molecule that a decade 
earlier had been hailed as viral penicillin: interferon.29 He was 
going to play a central role in the molecular characterisation of 
interferon and in its cloning a few years later.30

Developing the Basel-based institute was slightly more 
challenging. Pletscher felt that state-funded and university-
based research in relevant areas was not very well developed in 
Switzerland, and that it was di�cult to identify institutions and 
researchers to collaborate with. �e choice of a suitable focus for 
the new institute was going to be informed by a range of issues: 
�rst, the research area had to open up new possibilities to tackle 
medical and therapeutic problems which had not been accessible 
by conventional means. Second, the area needed to have achieved 
a certain degree of maturity, so that results could be expected. 
�ird, quali�ed researchers and technical sta� needed to be 
available, and fourth, there had to be potential for collaborations 
with existing institutions. An area that ful�lled these criteria was 
immunology. Immunological processes played a role in conditions 
such as cancer, virus diseases, arthritis, and were important for 
organ transplantations. Immunology was also attractive because 
of its close links with cell and molecular biology.31

By 1968, the plans for the BII were well advanced. A site 
had been chosen and prepared not far from the main Roche 

28 Ibid, 245.
29 Kathryn C. Zoon, ‘Sidney Pestka (1936–

2016)’, Journal of Interferon & Cytokine 
Research 37, no. 2 (2017): 51; On the Special 
Cancer Program, see Robin Wolfe Scheffler, 
‘Managing the Future: The Special Virus 
Leukemia Program and the Acceleration 
of Biomedical Research’, Studies in History 
and Philosophy of Science Part C: Studies 
in History and Philosophy of Biological and 
Biomedical Sciences 48 (1 December 2014): 
231–49; Scheffler, A Contagious Cause. 

30 Pestka himself tells the story in a film 
produced to promote Roche’s research, ‘The 
Quest’ (1979). BT.1.1.9 400190, RHA.

31 A. Pletscher, Notes for RRMG Meeting, 30 
May 1967, FE.0.4 102852, RHA.

Roche Research Institute for 
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(Dee Why, Australia)
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33 Minutes of RRMG meetings, 11–16 June 
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34 The latter was closed down in 1981.
35 Two BII scientists, Georges Köhler and 

Niels Jerne were awarded a Nobel Prize 
in 1984, jointly with César Milstein at the 
MRC Laboratory for Molecular Biology at 
Cambridge, for the development of the 
monoclonal antibody technique.

campus in Basel, the architect’s drawings were done and, most 
importantly, a director had been appointed: Niels Jerne, Professor 
of Immunology at Frankfurt University and Director at the Paul 
Ehrlich Institute.32 By 1970, the �rst part of the new building was 
completed and in operation, and by 1971 the whole institute.33 �e 
intention was to run the institute according to the same principles 
as the RIMB, fully-funded but on a very long leash, and overseen 
by an international Advisory Board with eminent members. In 
addition to the two institutes, Roche also funded a research centre 
in Kamakura near Tokyo, about which we will hear more later in 
this book, and a (short-lived) Institute for Marine Pharmacology 
in Australia.34 Like the RIMB, the BII was home to research that 
turned out to be useful for the commodi�cation of interferon. As I 
will discuss in more detail later, monoclonal antibodies developed 
at the Institute were employed in the puri�cation procedure, and 
in biological assays used to monitor production and in clinical 
trials.35 Monoclonal antibodies were also of crucial importance 
for the following generation of anti-cancer drugs developed by 
Genentech in the 1990s. We will return to this later.

Niels Jerne with AW Jann (middle), on the left Charley Steinberg (with beard)
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21. Interferon and the War on Cancer

While there was much support among Roche’s senior management 
for funding basic science, it was clear that ultimately this had to 
feed into new products. ‘It is all very well, even refreshing and 
entertaining to a certain degree, that we are meeting twice a year 
discussing research matters, ‘chewing the fat’ on a scienti�c level’, 
the chemist Dr Max Furter, a member of Roche’s Generaldirektion
stated at the Roche Research Management Group meeting in 
1957. ‘However, the most important part of our duty and the 
main task on hand never to be forgotten for a second is to 
produce results, and I mean marketable and pro�table results 
for the company.’36 A decade later, there was also some scepticism 
about the promises of the new molecular biology for a company 
where chemists had traditionally produced reliable results. As 
one of Roche’s most eminent chemists, Otto Isler put it in 1969 
(employing contemporary gender stereotypes): ‘chemistry is at 
Roche’s disposal just like a good wife: reliable, cooperative, maybe 
sometimes smiling with the knowledge that everything which had 
been realized came to a very great extent from her.’ Isler warned 
fellow research managers: ‘As you all know, Roche-earnings are 
due to sales of substances in the form of specialties or bulk and 
seldom or never in the form of theories or speculations.’37 So did 
interferon look like a substance likely to generate revenues?

�e initial excitement over the prospect of �nding a viral 
penicillin, in fact, had calmed down fairly quickly. In his history of 
interferon, historian Toine Pieters speaks of a ‘vote of no con�dence 
in the clinical potential of interferon as a therapeutic drug’.38

Nevertheless, a small community of dedicated ‘interferonologists’ 
continued research on viral interference throughout the 1960s, 
exchanging samples of interferon extracts generated in di�erent 
experimental systems and working towards common standards 
and a shared nomenclature. �ey also explored interferon’s e�ects 
on tumours in experimental animals, �nding that interferon 
inhibited the growth of tumours in mice and thus suggesting that 
it may have potential as a new medicine against human cancers.39

�e interferon community included the Finnish virologist Kari 
Cantell, who struck a deal with the Red Cross Blood Transfusion 
Service in Helsinki, allowing him and his colleagues to extract 
human interferon from leukocytes fractionated o� as a by-product 
from donor blood. �e amounts produced by this method were 
su�cient for small-scale clinical trials. Initial tests of the clinical 
e�cacy of this interferon were under way by the early 1970s in 

36 Minutes of the RRMG meeting, 24–30 April 
1957 in Brestenberg, Switzerland. FE.0.4 
101129a, RHA.

37 FE.0.4 103593h, RHA.
38 Pieters, Interferon, 89.
39 Pieters, 111–16.
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Sweden, conducted by an associate of Cantell, Hans Strander, at 
the Karolinska Institute, on a small number of patients su�ering 
from advanced osteogenic sarcoma, whose disease had failed to 
respond to other treatments.40 But the most important boost for 
interferon’s transformation from a potential viral penicillin into 
a possible cancer drug was a campaign spearheaded by Mathilde 
Krim, a Swiss-born physician working at the Memorial Sloan-
Kettering Cancer Center.41 Krim was an associate of the in�uential 
anti-cancer lobbyist and philanthropist Mary Lasker. An alliance 
led by Lasker was also the main force behind US President Richard 
Nixon’s declaration of War on Cancer in 1971.42

Documents in the Roche archives confirm that the 
transformation of interferon into a saleable commodity was 
getting under way around the same time. Roche research managers 
revisited the therapeutic potential of the elusive substance in 
1971. John Burns at Roche Nutley introduced an Interdisciplinary 
Research Meeting on antiviral and anticancer research on 21 May 
1971 as follows: 

40 Sandra Panem, The Interferon Crusade 
(Washington, D.C.: Brookings Institution, 
1984), 14.

41 Panem, The Interferon Crusade.
42 Patterson, The Dread Disease: Cancer and 

Modern American Culture, 248–51.

John Burns at the dedication ceremony of RIMB, September 24 1971
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In light of the Government’s major 
commitment to anticancer research,  
Roche Research – internationally based  
and uniquely equipped in facilities and  
expert manpower – could contribute  
to this endeavour by expanding 
our experience in this field into a 
broad research programme.43

Roche, it seems, was mobilising for Nixon’s War on 
Cancer, and work on interferon was thought to be integral to 
the project. Roche Nutley was starting work on a coordinated 
cancer programme, which was expected to overlap with its 
antiviral research and coordinated with projects at the RIMB. In 
addition to classical screening, this would include, according to 
Burns, ‘new approaches to anti-tumor testing and studies on the 
isolation, structure and mode of action of interferon’.44 Interferon 
was to be a vehicle for introducing a new direction in the rational 
development of anti-cancer drugs. And indeed, by the early 1980s, 
interferon was the spearhead of a whole research programme on 
immunomodulators, drugs that were going to activate patients’ 
immune systems and so trigger the body’s natural responses to 
cancer cells.45

Anti-cancer drugs, up to this point, had not made any 
pharmaceutical company much money, so this was not an 
obvious move for a large �rm used to developing blockbuster 
drugs, although the declaration of war on cancer made the move 
more likely. Around 1970, the established therapies for most 
tumours involved combinations of surgery and radiation, while 
cancer chemotherapy was still relatively new and experimental.46

As discussed earlier in this book, tumours tended to develop 
resistances against drugs fairly quickly, and many doubted 
whether the few months survival time gained were worth the o�en 
drastically unpleasant side e�ects. �e experimental combination 
chemotherapies, which by the mid-1970s led to remissions in the 
treatment of some cancers that lasted long enough to be considered 
cures, were controversial and viewed as unethical by many in 
the US, and even more so in Europe.47 Interestingly, however, 
ambiguity over the value of chemotherapy in the treatment of 
cancer turned interferon into an even more attractive proposition.

43 Minutes of the Antiviral Research / 
Anticancer Research meeting on 21 May, 
1971, included with papers for 1971 RRMG 
meeting. FE.0.4. 103593i, RHA.

44 Minutes of the RRMG meeting, 10–15 June 
1971. Hotel Lygon Arms, Broadway. FE.0.4 
101129c, RHA.

45 Minutes of the Pharma RCM, 11–12 
September 1980. FE.0.4 107293b, RHA. A 
workshop in 1981, designed to to ‘bring 
the knowledge and expertise at the Basle 
Insitute of Immunology to the closer 
attention of Roche scientists’, focused 
on immunomodulators. IRCAG Meeting, 
23–24 March 1981. FE.0.4 107293c, RHA. 
On the history of immunomodulators in 
experimental cancer therapy, see Ilana Löwy, 
Between Bench and Bedside: Science, 
Healing, and Interleukin-2 in a Cancer Ward 
(Cambridge: Harvard University Press, 1996).

46 Löwy; Pickstone, ‘Contested Cumulations’.
47 Barnes, ‘Between Remission and Cure’; 

Krueger, Hope and Suffering; Keating and 
Cambrosio, Cancer on Trial.
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Most early anti-cancer drugs developed from the 1940s to 
the 1970s were designed to tackle cancer by interfering with the 
metabolism of cells that divided rapidly. In this way they killed 
cancer cells and made tumours shrink, but the chemotherapy 
also a�ected all other tissues in the body where growth and 
cell division happened: the follicle cells at the roots of hairs, for 
example, or the cells in the lining of the mouth which produced 
the lubricants for saliva. �e new combination chemotherapies 
delivered several salvoes of toxicity, meant to kill the dwindling 
numbers of cancer cells that survived the previous salvo, and 
in this process o�en nearly killing the patient. Interferon was 
di�erent: assumed to be non-toxic (wrongly, as it turns out), it was 
part of the natural immune response against viruses and expected 
to activate the body’s natural defences against cancer cells. �is 
was an attractive proposition at a time of growing environmental 
sensitivities, which saw people become increasingly sceptical about 
the physiological e�ects of chemicals.48 But before interferon 48 Löwy, Between Bench and Bedside, 125.
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could be promoted as a real alternative, it had 
to be properly puri�ed and characterised, and 
a way of producing it in amounts su�cient for 
full-scale clinical trials had to be developed – a 
process that needed resources.

22. Mobilising organizational 
capabilities

By the early 1970s, the observation of viral 
interference had been translated successfully 
into an understanding that interference was 
mediated by a substance, interferon, with the 
potential to control tumour growth by enhancing 

the response of the immune system to cancerous cells. �is had 
been suggested by the results of the small clinical trial undertaken 
in Sweden with human interferon from Finland. Interferon at 
this point was not conceptualised as ‘immunotherapy’ – this only 
happened in the mid-1980s, when recombinant interferon was 
about to be marketed. More importantly, interferon as an actual, 
pure substance still did not exist. Cantell’s human interferon was 
a relatively crude extract, and the characterisation of its e�ects 
was work in progress. 

In order to turn interferon into a clinically useful, su�ciently 
pure substance for routine use, resources and capabilities were 
needed – financial, technical, and human: people with the 
necessary expertise and contacts. Puri�cation methods had to 
be developed and re�ned. Production needed to be scaled up 
in stages, �rst to provide enough interferon for clinical trials, 
and subsequently further in order to bring the substance to 
market. A New Drug Application (NDA) needed to be prepared 
and submitted. Regulatory approval had to be sought and 
communication channels maintained with the FDA in the United 
States and regulatory bodies in other countries. �e companies 
in a position to mobilise such resources were not new biotech 
start-ups, but established pharmaceutical �rms who had, over 
decades, acquired what the business historian Alfred Chandler 
calls ‘organizational capabilities’.49

�e biotech start-ups had a very di�erent organisational 
culture than established pharmaceutical companies like Roche. 
While they had what Chandler terms ‘technical capabilities’, relating 
to the R in R&D, they almost completely lacked the ‘functional 

49 Chandler, Shaping the Industrial Century, 
6–9.

Sidney Pestka circa 1979
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capabilities’ they needed to commercialise the 
products of their research in the healthcare 
market. The start-ups lacked know-how, for 
example on scaling up, the management of a 
growing labour force, the purchasing of raw 
materials, marketing and distribution, customers 
and markets and, importantly for medicines and 
diagnostic kits: regulatory frameworks. Without 
the initial investments made by established 
pharmaceutical companies, there were not even 
going to be large-scale clinical trials. We will now 
take a closer look at how Roche’s and Genentech’s 
organizational capabilities were employed to 
bring interferon to market.

23. Cloning interferon

In 1978, Sidney Pestka and his colleagues at the RIMB 
succeeded in their attempts to purify human interferon. Once 
puri�ed, the next step was to determine its amino acid sequence. 
Once this had been achieved, too, fragments of the peptide were 
to be synthesized and tested for biological activity. Finally, as the 
minutes of a Research Management Group meeting in 1978 state: 

The eventual production of human interferon 
through recombinant DNA technology 
[was] considered a real possibility.50

In his history of biotech, historian Nicolas Rasmussen has 
characterised recombinant human interferon as ‘the genetic 
engineer’s top prize: exceedingly rare, exceedingly valuable, 
sure to win fame, and sure to attract the toughest competition’.51

Recombinant DNA technology was still new in 1978, and the 
biotech boom that was unfolding around the promise of producing 
unlimited amounts of human proteins and other therapeutically 
active biological substances in bacteria was still in its early stages. 
On 6 September 1978, Robert Swanson, the Chief Executive 
of Genentech, the most successful of the new biotech start-up 
companies, announced that scientists at the �rm had successfully 
cloned the gene encoding human insulin in Escherichia coli 
bacteria. 

50 Minutes of the RRMG meeting, 27–30 June 
1978, London. FE.0.4 107293b, RHA.

51 Rasmussen, Gene Jockeys, 53.

Escherichia coli bacteria under the microscope
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Genentech had been founded two years earlier, in 1976, by 
Robert A Swanson and Herbert Boyer, a professor of microbiology 
at the University of California San Francisco (UCSD). Boyer, 
jointly with Stanley Cohen, a physician-scientist based at Stanford 
University just under 50 km from UCSD down the famous coastal 
Highway 101 in Silicon Valley, had invented the recombinant 
DNA procedure in 1973. Swanson had graduated from the 
Massachusetts Institute of Technology (MIT) in 1970 with an 
undergraduate degree in chemistry and a Master’s in business 
management. Fascinated with venture capital, he took on a job 
with Citibank in New York City, who were then building a venture 
investment division and moved Swanson and a colleague west to 
build a branch o�ce in San Francisco. In 1972 he le� and joined 
a venture capital �rm in Menlo Park, Kleiner & Perkins. When he 
heard of Cohen’s and Boyer’s procedure, he tried to persuade one 
of the �rm’s clients, Cetus, to develop industrial applications for 
the new cloning technique, but without success. In 1975 Swanson 
was �red by Kleiner & Perkins and found himself unemployed. 
Intent on founding his own company, he decided to contact 
scientists whose names he collected from articles reporting on 
the Asilomar conference and the controversy around cloning. 
Rebu�ed by a few of them, he phoned Boyer, unaware that he was 
talking to one of the inventers of the procedure. Boyer had already 

Inauguration ceremony 
Genentech research building, 
F Gerber, H Boyer, R Swanson 
1992
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started to think about commercialising the technique and agreed 
to meet the 28-year old Swanson. �ey found that they got on well, 
agreed to start a company (Genetic Engineering Technology, or 
Genentech), drew up a business plan, managed to persuade some 
investors and went to work.52

Insulin was the �rst success in the race for recombinant 
versions of therapeutically useful macromolecules, a peptide 
that had started its career as therapeutic substance more than 
�ve decades earlier in form of a brown extract prepared by 
Frederick Banting and his student Charles Best in a laboratory 
at the University of Toronto, similarly impure as the interferon 
preparations from Finland. However, in contrast with interferon, 
there was no shortage of good quality insulin produced by other 
means, as Rasmussen argues: ‘Rather, the scientists picked insulin. 
For the multiple entrepreneurial biologists who simultaneously 
decided to clone this protein hormone, it represented the project 
best suited for exploiting a newly emerging congruence of business 
and scienti�c interest.’53 Rasmussen also points out that, once it 
was successfully cloned, Genentech needed a partner to turn 
their insulin into a pharmaceutical. Lilly, one of the big American 
pharmaceutical firms developed the production techniques 
and took care of the regulatory procedures required to bring 
recombinant insulin to market.54

By 1979 Roche was negotiating with Genentech about 
collaborating on the cloning of interferon. Working with 
Genentech, the Roche negotiators conceded in a memo dated 
28 May 1979, was:

the only efficient and realistic solution. 
After the initial (outrageous) demands 
and conditions put forth by Genentech, an 
agreement has now been reached which 
seems to serve the interests of both parties 
in a balanced and satisfactory way.55

However, there was no intention to rely on Genentech 
forever: 

we see the collaboration with Genentech 
only as the unavoidable but most effective 

52 Hughes, Genentech.
53 Rasmussen, Gene Jockeys, 40.
54 Rasmussen, 66–67.
55 Memo, 28 May 1979. PD.3.1.RFA 107156, 

RHA.
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crutch for the interferon project and 
not as a permanent dependence of 
Roche for future developments involving 
recombinant DNA technology.56

In May 1980, a Laboratory for Recombinant DNA Research 
(LRDR) was created in Nutley, and the Roche research managers 
agreed that all of the company’s research centres should acquire 
some expertise in these new technologies.57

In e�ect, Roche commissioned Genentech with the cloning 
of interferon and agreed to pay the biotech �rm for using the 
interferon-producing bacteria so generated. �e contract between 
the two companies states:

GENENTECH will grant certain rights to 
ROCHE and will, with ROCHE’s financial 
and other support, conduct certain research 
and development aimed at the creation 
and delivery of said organism, and that 
ROCHE’s payment therefor will be determined 
as a royalty for use over a set term.58

Roche’s ‘�nancial and other support’ was substantial, despite 
an obvious reluctance on Pestka’s part to help the Genentech team 
around David Goeddel too proactively.59 Pestka’s team in Nutley 
tried to clone interferon independently, supplying Goeddel with 
the same mRNA they were using, which was derived from a 
cell line Pestka had been given by a former NIH colleague, 
Robert Gallo, who in turn had received it from David Golde, 
a haematologist and oncologist working at the University of 
California, Los Angeles (UCLA). Samples were traded freely, 
then, between laboratories, in an informal gi� exchange economy 
without much thought about commercial exploration, and it 
helped that Pestka did not work directly for Roche but was based 
at the RIMB, which by then had acquired an excellent reputation 
for its research.60 Using a biological assay he had developed, 
Pestka managed to clone and isolate a cDNA fragment encoding 
part of the interferon gene. cDNA (complementary DNA) cloning 
was a technique that used known, short sections of the gene 

56 Ibid.
57 Minutes of a meeting of the International 

Research Coordination and Advisory Group 
(hereafter IRCAG), 13–14 September 1980, 
and of discussions with Mr Gerber, Mr 
Lerner and some members of General 
Management on 15 September. FE.0.4 
107293b, RHA.

58 Draft contracts in PD.3.1.RFA 107156, RHA.
59 For details, see Rasmussen, Gene Jockeys, 

103–6. See also David V. Goeddel, Ph.D., 
‘Scientist at Genentech, CEO at Tularik.’ An 
oral history conducted in 2001 and 2002 
by Sally Smith Hughes for the Regional 
Oral History Office, The Bancroft Library, 
University of California, Berkeley, 2003.

60 UCLA sued Roche in 1980 for unauthorised 
use of the cell line, and they settled in 1982 
to avoid bad publicity. Golde himself was 
subsequently sued by the patient whose 
cells were used. See Rasmussen, 117.
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of a protein under investigation to fish for complementary 
messenger RNA molecules (mRNA). mRNA molecules are 
present wherever proteins are produced in cells, as they transfer 
the genetic blueprint for the protein to the ribosomes, where 
they are translated into proteins. �e technique relies on the viral 
enzyme reverse transcriptase to generate longer DNA strands that 
correspond to these RNA molecules. Using this �shing technique, 
Goeddel generated a cDNA sequence long enough to carry the 
whole interferon gene. Roche and Genentech had their interferon 
clone. �ey were not alone, however: Biogen, a Boston-based 
start-up headed by a Swiss professor, Charles Weissmann, and 
collaborating with Schering-Plough, had also successfully cloned 
an interferon gene.

�e race was over for the molecular biologists when the 
‘gene jockeys’ had succeeded in producing their clones, but the 
real work for the Roche researchers in Nutley was only about to 
start. In fact, much greater resources were needed to carry the 
project forward. �e infrastructure had to be created for scaling 
up fermentation and puri�cation processes. By September 1980, 
research managers at Roche believed that they had a ‘lead over 
competitors’.61 �ey expected that by December of the same year, 
su�cient material was going to be available to start preclinical 

61 Minutes of a meeting of the IRCAG, 13–14 
September 1980, and of discussions with 
Mr Gerber, Mr Lerner and some members 
of General Management on 15 September. 
FE.0.4 107293b, RHA.

Genentech 1990
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development. Clinical trials were scheduled to 
start in spring 1981. Plans for phase I and phase 
II trials were put in place for studies in viral 
diseases and cancer. Production was initially 
slow, due to the limited size of the fermenters 
approved for use in the project. Genentech 
obtained permission to use larger fermenters, 
and Roche Nutley applied for permission in 
January 1981. Roche was aiming to maintain 
independence from Genentech by expanding its 
expertise in production and puri�cation. When 
updated about the details, Roche’s new President 
of the Board and Chief Executive, Fritz Gerber, 
who had succeeded Adolf Walter Jann in 1978, 
decided that ‘the interferon project should be 
assigned top priority for development.’62

24. Developing interferon

Let us take a careful look at the development process at this 
point, as this illustrates the importance of existing organizational 
capabilities in Nutley and Basel. Cloning a human interferon 
gene into bacteria was only the �rst step towards producing 
recombinant interferon. The bacteria had to be grown, and 
the interferon had to be extracted and purified. The use of 
recombinant DNA techniques had to conform with strict NIH 
rules, following the end, in June 1976, of the moratorium which 
molecular biologists led by Paul Berg had imposed on themselves 
at Asilomar in February 1975.63 When interferon production 
was scaled up for clinical trials in 1981, changes to processes 
and equipment, including the use of larger fermenters still had 
to be reviewed by a dedicated biosafety committee and approved 
by the NIH. 64

�e puri�cation process developed in Nutley was another 
example of Roche bene�ting directly from earlier investment in 
basic research, in this case both at the RIMB and the BII: researchers 
in Nutley developed a process involving monoclonal antibodies 
(Mabs) developed in Basel by colleagues who had transferred 
from the BII to Roche.65 �ese antibodies, attached to the matrix 
of a so-called High Performance Liquid Chromatography (HPLC) 
column performed the crucial step in the isolation of interferon 
from the other constituents of the bacterial cell extract.66 �e 

62 Ibid.
63 Krimsky, Genetic Alchemy.
64 Wright, Molecular Politics. Wright shows 

that these guidelines were in flux around 
1980, and NIH controls were increasingly 
dismantled. However, Roche researchers in 
the spring of 1980 still applied for approval 
for use of a larger fermenter and the 
changes to processes associated with this.

65 On the history of monoclonal antibodies, 
see Lara Marks, The Lock and Key of 
Medicine: Monoclonal Antibodies and the 
Transformation of Healthcare (New Haven: 
Yale University Press, 2015).

66 Sidney Pestka, ‘The Interferons: 50 Years 
after Their Discovery, There Is Much More to 
Learn’, The Journal of Biological Chemistry 
282, no. 28 (2007): 20047–51.
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antibodies speci�cally bound interferon, while everything else 
simply ran through the chromatography column. A change 
of solvent subsequently released the interferon. Besides the 
purification columns, antibodies developed in Basel for the 
di�erent types of interferon were also used in radio immunoassays 
(RIA) and enzyme immunoassays (EIA). �ese assays employed 
antibodies labelled with radioactive atoms or enzymes that 
induced a colour reaction, and they helped to characterise the 
interferons (it turned out that there were several ‘species’ of 
interferon) and monitor interferon levels during production and 
in pharmacokinetic studies.67

Antibodies for the puri�cation of interferon were developed 
by the so-called Applied Immunology Project group headed by 
�eophil Staehelin at Roche Basel. Staehelin had been one of 
the �rst researchers recruited for the new BII in 1970, where 
he provided important expertise in molecular biology. Alfred 
Pletscher, Roche’s Head of Research had convinced the Roche 
management to launch the Applied Immunology Project in 1977, 
following a meeting with the Director of the BII, Niels Jerne, 
Staehelin and others, convened to discuss an article manuscript– 
still unpublished – in which Georges Köhler and César Milstein 
discussed their new hybridoma method of producing monoclonal 
antibodies.68 �e technique they had developed promised to 
enable researchers to produce unlimited amounts of standardized, 
identical antibodies, speci�cally binding to selected antigens. In 

67 Interferon Research Steering Committee and 
Interferon Clinical Development Committee, 
Minutes of Meeting on 7 Jan 1981. FE.9.3 
103555a, RHA.

68 Lefkovits, History of the Basel Institute for 
Immunology, 128–29.

Two 100 litre fermenters 1990
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contrast, while antiserums had long been used 
in research and therapy, conventional antiserums 
contained a mix of di�erent antibodies, and 
every batch was di�erent. Pletscher followed 
Jerne’s recommendation, and 22 new scienti�c 
positions were created in Basel for the further 
development of Mabs for diagnostics and 
research. Milstein, Köhler and Jerne were 
awarded a Nobel Prize for their ground breaking 
work in 1984. Pletscher persuaded Staehelin 
to move from the BII to Roche, where he was 
appointed to the position of a Vice-Director. �e 
Mabs developed by Staehelin and his team were 
crucial for the interferon project.69

The interferon project group in Nutley 
worked hard to prepare the submission of an 
Investigative New Drug (IND) application 
for Recombinant Leukocyte Interferon alpha 
(IFL-rA) to the FDA before the Christmas 
holidays, on 23 December 1980. The IND 
application had to be approved before any 

69 Lefkovits suggests that Staehelin was not 
particularly happy at Roche, as he felt he did 
no longer receive adequate support when 
Pletscher retired from his position as Head 
of Research, also in 1977. Lefkovits, History 
of the Basel Institute for Immunology, 129.

Alfred Pletscher at the 
Challenge of Life symposium, 
Roche Basel 1971 Professor 
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investigational drug could be administered to humans – the 
precondition for clinical trials to start. A toxicology study was 
carried out over the holidays in squirrel monkeys. �e researchers 
noted no signi�cant adverse responses; they did not observe the 
depression of white blood cells noted in earlier studies with the 
less pure leukocyte A interferon obtained from Helsinki. �rough 
informal contacts the Roche researchers knew by 7 January that a 
letter authorizing the initiation of clinical studies on 15 January 
1981 had been typed and was about to be mailed.70

25. Scaling up: ‘These matters are treated as 
crash programs’71

The first of two clinical studies to evaluate tolerance and 
pharmacokinetics was undertaken under the auspices of Jordan 
Gutterman at the MD Anderson Cancer Center in Houston, 
Texas. A member of the Nutley team, Dr Fein personally carried 
an interferon sample to Houston and stayed there to witness 
the initiation of the studies. A second study was carried out at 

70 Interferon Research Steering Committee, 
Meeting on 7 Jan 1981. FE.9.3 103555a, RHA.

71 Minutes, IRCAG Meeting, Nutley, 23-24 
March 1981, p. 7. FE.0.4 107293, RHA.
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Stanford University under the auspices of the virologist �omas 
Merrigan. �ese Phase I drug escalation studies were expected 
to take about 10 weeks and �nish towards the end of March. 
Plans were being prepared for the multi-dose studies, most likely 
multi-centre, to be initiated following the completion of the Phase 
I studies. �e plan was to dra� �ve to six trial protocols.72

Still in January, another member of the Nutley team, Dr 
Makover visited Staehelin’s group in Basle to learn how to produce 
monoclonal antibodies.73 �e hybridoma method involves fusing 
antibody-producing B cells with immortal myeloma (tumour) cells 
in what is known as a hybrid cell line. �e resulting hybridoma 
cell culture has the potential to produce unlimited amounts of the 
desired antibody. �e quickest method to produce these antibodies 
was the so-called ascites method: the hybridoma cells were injected 
into the abdominal cavity of mice, where �uid accumulated over 
a week or two, which contained the antibody. �is �uid was then 
‘harvested’ and the antibody isolated. Each mouse produced about 
30mg of puri�ed antibody. To meet the requirements for purifying 
interferon for the initial, small-scale clinical trials, at least 300 mice 
were needed. For each gram of puri�ed interferon, the researchers 
calculated that they needed approximately three grams of antibody. 
To produce 1kg of puri�ed IFL-rA per year, thus, they would need 

72 Interferon Research Steering Committee, 
Meeting on 7 Jan 1981. FE.9.3 103555a, RHA.

73 Interferon Research Steering Committee, 
Meeting on 19 Jan 1981. FE.9.3 103555a, 
RHA.

Georges Koehler 1984
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65,000 to 85,000 mice – a considerable logistical challenge, which 
may have also raised ethical questions.74 New procedures for the 
production of antibodies in cell culture, without the need for mice, 
were also explored.75

�e project group estimated that they needed approximately 
10g of IFL-rA for the Phase II studies, and 100g for Phase III. 
By 1985, they projected that approximately 6kg of IFL-rA were 
needed per annum, based on the assumption that three clinical 
indications were going to be approved. �is meant that either 
additional fermentation capacity at Roche would be required, or 
bacteria had to be engineered that produced larger amounts of 
interferon, or both.76 By March 1981, planning had started for a 
move to bigger fermenters – from 10 liters to 100 gallons. But this 
move had implications, both administrative and practical. In order 
to use the bigger fermenters, suitable methods had to be found 
and developed for killing the bacterial cells. Several di�erent 
approaches were being explored (one of them recommended by 
Genentech). Importantly, if plants and practices were modi�ed, 
there was no guarantee that the �nal product was identical with 
the one submitted for the IND application. �e Roche researchers, 
thus, had to make sure that the end product still met IND 
speci�cations.77 All this was much more complex than scaling 

74 Interferon Research Steering Committee, 
Meeting on 19 Jan 1981. FE.9.3 103555a, 
RHA.

75 Interferon Research Steering Committee, 
Meeting on 11 March 1981. FE.9.3 103555a, 
RHA.

76 Interferon Research Steering Committee, 
Meeting on 19 Jan 1981. FE.9.3 103555a, 
RHA.

77 Interferon Research Steering Committee, 
Meeting on 11 March 1981. FE.9.3 103555a, 
RHA.

Nobel Prize ceremony in 
Stockholm, October 1984 with 
Jerne, Koehler and Milstein 
(detail)



92

up and monitoring the production of traditional 
chemotherapy drugs.

Meanwhile the clinical trials were delivering 
the �rst results. 14 cancer patients had entered 
the escalating single dose studies designed to 
determine tolerance and pharmacokinetic 
parameters. �ree patients had to discontinue as 
they appeared to reach the maximum tolerated 
dose, experiencing substantial fatigue and 
�u-like symptoms. �ese symptoms appeared 
to be dose related, and were known from the 
trials with Cantell’s human interferon from 
Helsinki.78 A meeting was scheduled with FDA 
o�cers for 30 March 1981, to give them a status 
report. Plans were also made to start clinical 

studies in Japan and Europe, using the IND approval granted 
to Roche Nutley. Roche’s International Research Coordination 
and Advisory Group decided at its March 1981 meeting that 
‘Roche as a whole should participate in this new development’.79

Capacities for the production of monoclonal antibodies were to 
be established also in Japan, and preparations for a workshop on 
recombinant DNA techniques was going to be held in Nutley, 
involving representatives from all Roche centres.

As recombinant interferon generated more and more 
publicity, a policy was needed for the distribution of samples to 
researchers. Genentech and Roche agreed that they would inform 
each other prior to the distribution of material for pre-clinical 
research. Genentech appears to have dealt with such requests more 
restrictively, and investigators who had been denied material from 
Genentech, in several cases then contacted Roche and received it. 
�e Interferon Research Steering Committee decided to provide 
limited amounts of material to investigators ‘who we feel are 
competent and whose results would compliment [sic] our overall 
research interest in this �eld’. Drs Trown and Pestka would decide 
on the merits of investigations and ensure that Roche received 
the data generated in such studies.80

�ere were also some technical problems not related to 
fermentation and puri�cation that had to be taken care of: in 
March 1981, Dr Goldberg of Nutley’s Pharmacy R&D department 
alerted the members of the Interferon Steering Committee of the 
need for additional capacity to handle the vialing of IFL-rA in 
preparation for the Phase II and III trials. Moreover, freeze drying 
capacity was limited, and there were potential sta� shortages 

78 This was a bit disappointing, as researchers 
had initially hoped that recombinant 
interferon would not cause these side 
effects.

79 Minutes, IRCAG Meeting, Nutley,  
23–24 March 1981. FE.0.4 107293c, RHA.

80 Interferon Research Steering Committee, 
Meeting on 11 March 1981. FE.9.3 103555a, 
RHA.
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as other development programs competed with interferon, 
despite the high priority that was given to this programme.81 

�ese technical challenges were also met. While dealing with 
these, Roche drew on what Chandler characterises as ‘technical 
capabilities’, but they were not related to research but rather to 
production and the handling and packaging of �nished products, 
an area where Roche’s experience far outweighed Genentech’s. By 
June 1981, su�cient amounts of interferon were available to take 
the clinical testing of recombinant interferon to the next stage.82

26. Trialling interferon

�e beginning of the clinical trials in 1981 meant that Roche were 
the �rst company undertaking such trials with a recombinantly 
produced biological cancer drug. Plans were also under way to 
start production and prepare clinical trials in Europe and Japan. 
Interferon provided Roche research managers with a focus for 

81 Interferon Research Steering Committee, 
Meeting on 19 Jan 1981. FE.9.3 103555a, 
RHA.

82 Interferon Research Steering Committee, 
Meeting on 5 June 1981. FE.9.3 103555a, 
RHA.

Computer 
simulation 
displays a 
hypothetical 
structure of the 
partial amino 
acid sequence 
of interferon



94

discussing and planning improvements to the international 
coordination of such trials, with a view to streamlining drug 
applications in different countries. ‘Effective and efficient 
utilization of our worldwide clinical facilities is an important 
aspect of the drug development process’, the minutes of a meeting 
in March 1981 note, ‘and was the subject of a lengthy discussion.’ 83

Roche’s main competitors in the US were Schering in 
collaboration with Biogen for IFL-rA, Cetus and Shell for �broblast 
interferon and Genentech for immune interferon. Schering 
and Biogen were producing in very large fermenters, but were 
experiencing problems with gene expression and puri�cation. 
�ey did run, however, a very intensive programme of clinical 
trials, with �ve full-time physicians in the US assigned exclusively 
to the oncology clinical programme. �ey also appeared to pay 
clinical centres two to three times as much per patient as Roche 
did. In the UK, Wellcome was very active with their leukocyte 
interferon, �nanced in part by the British government.84

By March 1982, several trials in oncology and virology 
were under way, pursued with high priority. In the US, phase II 
studies in breast cancer and lymphoproliferative diseases were 
being initiated. Protocols for phase II breast and lung cancer 
studies had been approved by the Medical Protocol Review 
Committee. Research managers also believed that it was necessary 
to start thinking about using interferon in combination with 
chemotherapy and radiation.85 �e collaboration with Genentech 

83 Minutes, IRCAG Meeting, Nutley,  
23–24 March 1981. FE.0.4 107293c; Minutes, 
Pharma-RCM 1981, Basle, 10–12 September 
1981, p. 180. FE.0.4 107293c, RHA.

84 Minutes, IRCAG Meeting, Nutley,  
22–23 March 1982. FE.0.4 107293c, RHA.

85 Minutes, IRCAG Meeting, Nutley,  
22–23 March 1982. FE.0.4 107293c, RHA.
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was scheduled to end in 1982. Roche managers felt that at the 
RIMB and the new Molecular Genetics Department in Nutley they 
had enough practical expertise to go it alone. At its meeting in 
September, the Pharma Research Committee recommended that 
the �rm concentrated on a small number of clinical indications: 
lymphoma, myeloma and Kaposi sarcoma, a rare form of cancer 
which recently had been observed with worrying frequency in 
association with a new, mysterious immune de�ciency that would 
subsequently be known as HIV-AIDS, and receive much attention 
and research funding.86

27. Trouble ahead

Ironically, with the �nishing line in sight, the project ran into 
trouble. �e �rst few years under Fritz Gerber were a time of 
restructuring, and this increasingly included reorganising and 
tightening R&D programmes, as will be discussed later. IFL-rA 
was not the only immunomodulator developed by Roche in the 
early 1980s. Parallel programmes were running for a whole family 
of interferons, including recombinant interferons alpha D, beta 
and gamma, and �broblast interferon, along with a small zoo of 
other immunomodulators, including interleukin-1 and -2 and 
several thymosins. �e original goal had been to develop a whole 
range of these products, but coordinating this complex programme 

Sidney Pestka 
left with Herbert 
Weissbach 
1990s

86 Minutes, Pharma RCM, Nutley, 20–21 
September 1982. FE.0.4 107293c, RHA. 
On HIV-AIDS, see Steven Epstein, Impure 
Science: AIDS, Activism, and the Politics of 
Knowledge (London: University of California 
Press, 1996).
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was increasingly challenging. Meanwhile, not even the compound 
most advanced in its development was on sale: IFL-rA, which 
Roche were planning to market as Roferon-A. In fact, not even 
the Product Licence Application had been submitted.

A Roche Pharma Research Committee meeting held in April 
1984 at the Berkshire Place Hotel in Midtown Manhattan focused 
on strategic questions rather than reviewing individual projects. 
�e minutes state the problem very clearly:

Currently the most critical factor with a 
negative impact on our Pharma business and 
morale is the slow pace of development of 
identified product candidates. The problem 
is not confined to the question of whether 
we can cope with such a large number of 
development products in clinical trial but 
extends into basic issues whether Roche as 
an organization can afford to be present in 
such a large number of therapeutic areas.87

Following extensive discussions over when a project could be 
considered ‘ripe’ for development, the group decided to come up 
with a plan for a more focused Roche research and development 
programme (the minutes use the term ‘concentration’). Albert 
Hürlimann, who had succeeded Pletscher in 1978 as Roche’s 
overall Head of Research and Cedric Hassall, Head of Research at 
Welwyn, expressed concern that, as the minutes put it, ‘in certain 
areas Roche moved too far into non-targeted basic research’, 
and that these areas were not ‘ripe’.88 How ripe were the many 
immunomodulators that Roche researchers were working on? 
A Product License Application (the equivalent of a New Drug 
Application, NDA, for biologicals) would soon be �led in the US 
for Roferon-A, for Kaposi’s sarcoma and malignant melanoma. 
‘�e NDA is weak,’ the committee conceded, ‘and, therefore, Basle 
has agreed to use these data for �ling an NDA in only 5 countries.’89

Preclinical research on other interferons was terminated, and only 
the preclinical research in support of Roche’s and Genentech’s 
clinical trials of the combination of Roferon-A with recombinant 
interferon gamma was allowed to continue.90
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28. The first biotech cancer drug

Roferon-A was �nally approved by the FDA in June 1986, initially 
for hairy cell leukaemia, and later for chronic myelogenous 
leukemia, non-Hodgkin’s lymphoma, malignant melanoma, 
and Kaposi’s sarcoma, along with a number of viral indications. 
‘Although only approved for a small number of cancer types,’ 
comments the report of an Oncology Task Force appointed by 
the Roche management, about which we will hear more later:

it is anticipated that alfa 
interferon will be used widely, 
in both clinical treatments 
and clinical trials, by itself 
and in combination with 
other types of interferon and 
cytotoxic drugs, outside this 
range of approved tumors.91

Finally available as a medicine, 30 years 
a�er Lindenmann’s stay at the NIMR, and 26 
years after his meeting with Werner Bollag, 
interferon did not turn out to be the miracle 
drug that many had hoped for. It was by far no 
blockbuster. �e trial results for the handful 
indications for which Roferon-A was approved 
in 1986 were good, but for common ‘solid’ 
cancers such as breast, colon or lung cancer – 
the big killers – results had been disappointing.92 But interferon 
marked the beginning of a move into a di�erent direction in the 
treatment of cancer. In some cases of chronic myeloid leukaemia, 
for example, it was applied as a long-term maintenance treatment 
by the late 1980s, a treatment of cancer as a chronic disease, which 
would have been inconceivable with cytotoxic chemotherapy 
drugs and is much more akin of the next generation of biological 
therapies for cancer, to which we will turn later in this book.

Gel electrophoresis demonstrates the purity of human 
interferon alfa 2a
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29. Restructuring research and development

Cancer research at Roche changed fundamentally in the 1980s 
and 1990s, framed by a series of restructuring exercises initiated 
by Fritz Gerber, who joined Roche from Zurich Insurance, 
succeeding Adolf Walter Jann as President of the Board and CEO 
in 1978. Peyer in his history of the company characterises the �rst 
few years of Gerber’s reign as ‘tidying up’.1 Starting immediately 
a�er Gerber’s appointment, Roche streamlined its Research and 
Development structures, centralising decision making processes. 
In 1985, the company cut some 1000 jobs in the US, 12% of its work 
force, emphasising that these job losses did not change Roche’s 
commitment to research, especially in biotech.2 Gerber explained 
the need for restructuring with an ever increasing proportion of 
the budget that had to be dedicated to administrative exercises and 
to producing evidence that Roche drugs were safe and e�ective.3

Regulatory authorities were getting more demanding, and the 
public grew increasingly sceptical about pharmaceutical and 
chemical research, partly motivated by general doubts about 
biotechnology and animal experimentation, but also triggered by 
speci�c events, such as the explosion of a chemical plant operated 
by a Roche subsidiary in Seveso in 1976 or the Sandoz �re and 
chemical spill in Schweizerhalle in 1986.

In the course of reorganising research over the following 
two decades, Roche divested from fundamental, curiosity-driven 
research, culminating in the closure of the RIMB in 1996 and 
the BII in 2000, to the dismay of the bioscience community.4 But 
times had changed, and the senior management at Roche had 
decided that funding two institutes for basic, not application-
driven research no longer delivered value for the company. 
�ere was also a steady shi� of attention from the US East Coast 
to the West Coast, evident in the acquisition of a majority of 
Genentech’s shares in 1990 and the takeover of Syntex in 1994. 
Roche increasingly relied on developing compounds that had been 
invented by smaller biotech companies or, as we will see, by its 
partner, and later subsidiary, Genentech, one of the pioneering 
�rms in that �eld. Roche closed its Nutley site in 2012, not long 
a�er the takeover of Genentech in 2009.5

�e mid-1980s were also a time of major generational change. 
In Nutley, John Burns retired in 1984, the longstanding Vice 
President for Research and Development for the US operation, 
who had played an important role in setting up the RIMB and 
defending it against those critics who felt Roche could not a�ord 

1 Peyer, Roche – Geschichte Eines 
Unternehmens, 339.

2 Arthur Klausner, ‘Corporate Activity: Roche 
Says Layoffs Will Not Hurt Biotech’, Bio/
Technology 3, no. 4 (1985): 290–290.

3 Re: Research Organization, Letter from Fritz 
Gerber to Mr W. Gerard (Roche Welwyn), 
Mr Charles N.H. Drummond (Roche Dee 
Why), Dr A.F. Leuenberger (Roche Tokyo), 
Mr R.B. Clark (Nutley), 20 September 1978. 
FE.0.8 103579b, RHA.

4 Christian Anfinsen et al., ‘Wrong Move’, 
Nature 373, no. 6511 (1995): 184–184; Urs 
Christen, ‘Cost of Institute Was Small Change 
to Roche’, Nature 406, no. 6795 (2000): 
455–455.

5 Andrew Pollack, ‘Roche to Shut Down 
Former U.S. Headquarters, After 83 Years’, 
New York Times, 26 June 2012.

Juergen Drews 1988
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to spend so much money on basic research. In Basel, in 1985, a 
new Head of Pharma Research joined the company from Sandoz, 
the neighbour down the river Rhine on the other side of Basel. 
Jürgen Drews was a trained doctor who had been based at the 
Sandoz Research Institute in Vienna since 1970, which he directed 
from 1979, until he moved to the Sandoz company headquarters 
in Basel in 1984. In 1986, Drews succeed Albert Hürlimann, who 
had reached retirement age, as overall Head of Research.6 In 1990 
Drews relocated to Nutley, signalling both recognition of the 
importance of the US for Roche’s pharma research and a tighter, 
more centralised approach to governance. Many suspected that 
Drews was keen to move further west, to the San Francisco Bay 
area, to be closer to one of the centres of innovation in biotech, 
and indeed, when the RIMB was closed down in 1996, there were 
initial plans for a new Roche-funded genomics research institute 
on the West Coast.7

Between 1980 and 2000, Roche’s oncology portfolio 
transformed from a fairly minor part of the overall product 
range to a central focus of attention and major source of income. 
�is transformation initially built on the success of Roferon-A 
and Xeloda. Roferon-A was no blockbuster, but by 1989 among 

6 Hürlimann had succeeded Alfred Pletscher 
in 1978.

7 Colin Macilwain, ‘Roche Pledges 
Independence to New Institute’, Nature 373, 
no. 6510 (1995): 94–94.

Syntex Bezares, Mexico 1996
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Overhead slide for a 
talk that Werner Bollag 
prepared in 1988, 
illustrating what he felt 
were major changes he 
experienced as Head 
of Oncology over his 30 
years with Roche.8

Franz Humer 
2002

Roche’s top ten bestselling drugs. When Genentech’s monoclonal 
antibody drugs rituximab (Rituxan/Mab�era) and trastuzumab 
(Herceptin) were introduced in 1997 and 1998, and marketed 
jointly with Roche, this collaboration was framed as a ‘bio-
oncology’ initiative, forging an increasingly close alliance between 
Roche and Genentech, ultimately leading to the Genentech 
takeover by Roche in 2009. Following Gerber’s retirement as CEO 
in 1998, as we will see, the oncology programme was re-framed as 
‘personalised healthcare’ under his successor, Franz Humer, then 
also involving Roche’s increasingly mighty Diagnostics division.
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30. Reorganising oncology research

�is series of transformations and re-framings was associated with 
a major change of scale, from a still fairly small group of chemists, 
cancer researchers and research managers in three locations, who 
knew each other well, to a major, multi-tiered, globalised organisation. 
Roche Basel’s old Head of Cancer Research, Werner Bollag, who had 
played a central role in developing Natulan and 
in launching the retinoid project, retired in April 
1986 a�er nearly 30 years in this role. His successor 
was Diethelm Hartmann, a German internist who 
had joined Roche three years earlier, in 1983. 
Hartmann had studied medicine at Erlangen-
Nürnberg University from 1962 to 1969 and had 
been based at the Basel University Hospital from 
1973, from 1980 in the Oncology department.9
Following the reorganisation of Roche research 
initiated and overseen by Gerber and Drews, 
cancer research was led from Nutley, with some 
projects run from Kamakura. Cancer research in 
Basel was downgraded when Hartmann moved 
to Kamakura in 1990, where he succeeded Keiji 
Udaka as Director of the Nippon Roche Research 
Center (NRRC).10 In 1995 he returned to Basel to 
take on a role in clinical research, but was made 
redundant soon a�erwards when the new role 
disappeared in a restructuring exercise.

One of Drews’s first tasks after joining 
Roche in 1984 was a review of pharma research 
at the company, which also covered oncology, an 
area on which he consulted with Hartmann and 
Bollag. �ere were about 50 people working in roles dedicated to 
cancer research, divided up between Nutley, Basel and Kamakura, 
with the main thrust in Nutley. In Welwyn, work on cancer had 
been discontinued. �e most powerful anticancer drugs at this 
point were still cytostatic and cytotoxic chemotherapy drugs such 
as 5-FU or Natulan, but Roferon-A was pointing in new directions. 
Research into new tumour therapies was in progress in all three 
main Roche research centres: in Basel on retinoids and a beginning 
of oncogene research; in Nutley on cytotoxic chemicals, vitamin D3 
metabolism, retinoids, oncogenes; and in Kamakura on interferons 
and 5-DFUR, along with some oncogene research. Rather than 
working on new cytotoxic agents, Drews wanted researchers to 

9 CV Diethelm Hartmann. PD.3.1.XEL 106472, 
RHA.

10 ‘Forschung im Schatten des grossen 
Buddha: Ein Bericht über die 
Tätigkeitsbereiche des Nippon Roche 
Research Center in der japanischen 
Tempelstadt Kamakura. Träumen und 
handeln, denken und beten’, Roche 
Magazin, September 1990. FE.0.8 103579b, 
RHA.

Nippon Roche Research Center 
(NRRC) Ofuna, 1971
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concentrate on developing better understandings of how tumours 
emerged and on attempts to modify abnormal cells to make them 
less aggressive, with the goal to turn cancer into a manageable 
condition. Roche’s main strength, Drews suggested, was a solid 
foundation in molecular and cell biology. As weaknesses he 
identi�ed ‘a subcritical group’ (that is, too few researchers) and 
the lack of a biochemical approach to oncology in Basel. Compared 
to the competition, however, he felt that Roche was, as he put it, 
‘strong in future approaches’.11

But in what direction should the company move; what future 
approaches concentrate on? Drews appointed an Oncology Task 
Force chaired by Dr Ann Skalka, a virologist and molecular biologist 
who had been among the founding faculty members of the RIMB 
in Nutley (as the only woman), and in 1983 had been persuaded 
by John Burns to head a new research group at Roche Nutley 
dedicated to undertaking fundamental research on the molecular 
biology of cancer, focusing particularly on oncogenes.12 Skalka was 
supported by a steering group comprising Drs Loretta Itri, Léon 
Gauci, Mike Sherman and Diethelm Hartmann. �e task force 
was expected to ‘provide a ‘fresh look’ at the �eld, independent of 
current ongoing programs at Roche’.13 �ey consulted with a range 
of cancer researchers over the following months and presented 
Drews and the Research Committee with a substantial, 170-page 
report, providing a rough overview of market conditions in the 
US and elsewhere, evaluating ongoing research, and speculating 
about future directions in clinical oncology and drug discovery.14

31. A market for cancer drugs

The market for cancer drugs was still relatively small, with 
estimated sales of 1.86 billion US Dollars in 1985, compared to 
14.13 billion for cardiovascular or 9.76 billion for antibiotics. 
However there had been substantial growth since the 1970s, and 
growth continued to be steady, with 23 percent increase per year 
in the US since 1980. �e authors of the report stipulated that the 
main reason for this was ‘the market’s relative lack of sensitivity 
to high cancer therapy costs and drug price increases’.15

‘The relatively modest present size of the 
total market is a reflection of the fact that 
present therapy is far from satisfactory’16

11 Minutes, IRCAG meeting, 28 October 1985. 
FE.0.4 107293d, RHA.

12 Anna Marie (Ann) Skalka, ‘Finding, 
Conducting, and Nurturing Science: A 
Virologist’s Memoir’, Annual Review of 
Virology 4, no. 1 (2017): 1–35.

13 Oncology Task Force Report. FE.0.4 105780b, 
RHA. Task forces were also appointed for 
other areas, such as Infectious Disease, 
Cardiovascular, Inflammation/Rheumatology, 
AIDS, Obesity.

14 Oncology Task Force Report.
15 Oncology Task Force Report.
16 Minutes, Pharma RCM, 12–13 February 1987. 

FE.0.4. 105780b, RHA.



105

17 Diethelm Hartmann, Research Proposal 
for a Rational Drug Design in Oncology. 
PD.2.1.ONK 105325, RHA.

18 Oncology Task Force Report, p. 57.

There had been a dramatic increase in the use of 
chemotherapy cocktail regimes, which o�en included drugs 
that the authors characterised as ‘premium-priced’. ‘Should 
new therapeutic modalities evolve with a broader spectrum of 
activity and/or less toxicity, it can be reasonably anticipated that 
the market would increase signi�cantly.’ Sales were dominated 
by three countries, which accounted for 87 percent of all sales 
of cytotoxic chemotherapy drugs world-wide: the US, Japan and 
Germany.

�e market leader in cancer therapy in the US was Bristol-
Myers, followed by Adria. �e top selling branded products in 
1985 were Adria’s Adriamycin (doxorubicin) and Bristol’s Platinol 
(cisplatin), both traditional cytotoxic chemotherapy drugs 
which stopped cell growth by binding to DNA, followed by ICI’s 
ground-breaking Nolvadex (tamoxifen), which bound to hormone 
receptors and was very e�ective in preventing breast cancer from 
recurring. All three agents were considered to be ‘e�ective, toxic 
and extremely expensive.’ Roche product sales represented only 
two percent of the US cancer therapy market in 1984.17 Clearly, 
Roche was a minor player, but this was a �eld with potential for 
growth.

32. Planning for the future

What were the cancer therapies of the future? The experts 
consulted by the task force felt that cytotoxic chemotherapy, 
‘drug treatment as currently practiced’ would continue to be 
‘one of the mainstays of standard cancer treatment’. However, 
it was important to develop drugs with di�erent mechanisms 
of action. Immunomodulators were a potential growth area, 
including interferon: 

‘Within the next five to ten years, it is 
expected that dramatic improvements will be 
made in the ability to mobilize the immune 
system to effectively combat cancer.’18

Monoclonal antibodies were ‘another of the most exciting 
areas in cancer research, with considerable promise for use in 
basic research as well as cancer diagnosis and treatment.’ �is 
would include, the panel suggested, monoclonal antibody-toxin 
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conjugates for therapy – the ultimate magic bullets. In diagnosis, 
many common diagnostic tests were already being improved. 
However, monoclonal antibodies were rapidly being developed 
against antigens on the surface of tumour cells and against the 
proteins encoded by oncogenes, and it was likely that these new 
developments would result in completely new approaches to 
diagnosis.

‘The value of monoclonal antibodies 
in diagnosis is very considerable, and 
it is likely that in five years there will 
be an antibody for every tumor.’19

However, this was not straight-forward:

‘The therapeutic area remains a challenge in 
that only about one percent of the monoclonal 
antibody gets to the tumor site in humans.’20

�e experts agreed that one of the most promising �elds 
of research was the molecular biology of oncogenes. �ere was 
considerable potential for both diagnosis and therapy. But it was 
di�cult to predict in what direction this would go: 

‘Although their importance to oncogenesis 
is accepted, it is not yet possible to outline 
direct ways in which current knowledge 
about oncogenes can be utilized to design 
drugs that will prevent or cure cancer.’21

Other areas of interest discussed in the report were 
differentiating agents, potentiators, radiation sensitisers, 
hormone therapy, angiogenesis inhibitors, in-vitro screening, 
chemoprevention, growth factors, and antimetastatic agents. 
�e task force also highlighted the need for more e�cient and 
predictive model systems for the preclinical testing of anti-cancer 
drugs.

The report was presented and discussed at a Pharma 
Research Committee Meeting (RCM) in Nutley in February 1987. 

19 Ibid, p. 51.
20 Ibid, p. 52.
21 Ibid., p. 95.
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It was obvious that there was some confusion about the direction 
of travel. Basel and Nutley had chosen very di�erent strategies. 
�e Basel programmes aimed at the inhibition of two speci�c 
enzymes involved in cellular processes associated with cancer: 
phospholipase C and protein-kinase C. Critics of this approach 
pointed out that it may be di�cult to achieve tumour-selective 
inhibition of these enzymes. However, the programme was focused 
on two clearly de�ned targets. �e Nutley programme, in contrast, 
was very broad and organised around anatomical locations as well 
as molecular targets and classes of agents. It included projects 
for colon and lung cancer, antagonists to the oncogene ras, other 
anti-oncogenes, immunomodulators and angiogenesis. To some 
members of the Pharma Research Committee the programme 
re�ected the fact that no really convincing research approach had 
been identi�ed yet. �ese RCM members defended the Nutley 
approach, as it kept options open: as soon as a breakthrough 
occurred, resources could be redeployed in that area. �e minutes 
suggest, however, that the majority of the Pharma RC members 
were unhappy. �e critics, as the minutes put it, ‘voiced serious 
doubts of whether this thinly spread program had any chance of 
success.’22 �ere were too many potential leads, but not enough 
man power to pursue them in a productive way.

�e RCM asked the Task Force to report back later in the 
year with a clearer rationale. Feasibility should be a criterion from 
the outset. �e Task Force presented its response as requested, 
in February 1988. �e Pharma RCM remained unenthusiastic, 
especially about investing in chemotherapy:

‘In the overall evaluation of the oncology 
programs, the Pharma RCM felt that nothing 
fundamentally new is to be expected from 
chemotherapy in oncology. Breakthroughs are 
more likely to come from new approaches, 
particularly from growth modulation and 
from biological response modifiers. The 
Pharma RCM therefore directed that more 
emphasis should be given to these two 
strategies at the expense of chemotherapy.’23

22 Minutes, RCM, 12–13 February 1987. FE.0.4. 
105780b, RHA.

23 Minutes, RCM, 17–18 February 1988. FE.0.4. 
105781, RHA.
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At Roche and other pharmaceutical companies all eyes 
were on molecular biology as potential source of innovation, 
not only in oncology. Meanwhile, broad sections of the public 
in Switzerland, Germany and other European countries were 
growing increasingly sceptical about biotech research, sometimes 
even hostile, amidst fears that molecular biology would lead to 
a new eugenics and biotechnology to a contamination of natural 
environments with genetically modi�ed organisms. Clearly, there 
was more enthusiasm for these approaches in North America. 
Biotech was thriving, especially around Boston and in the San 
Francisco Bay area, and the frameworks governing science were 
more �exible. �is led to concerns among senior management 
as to whether truly innovative pharmaceutical research and 
development in Europe had a future, which also fed into the 
restructuring plans across the three main research sites. At the 
same time, globalisation brought the centres closer together.

33. From Vitamin A to cancer and skin 
diseases: the retinoids

Following Werner Bollag’s retirement in 1986, Diethelm 
Hartmann was in charge of oncology and dermatology. Bollag 
continued to work for Roche as a consultant. Hartmann initially 
devoted much time and energy to research on synthetic retinoids, 

Diethelm 
Hartmann 1989
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Chemie Klinik Einführung

All-trans Retinsäure 
AIROL
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1973

13-cis Retinsäure 
ROACCUTAN

1959 1971
1982

Etretinat 
TIGASON

1972 1973
1981

Motretinid 
MONCLER DERMA 
TASMADERM

1973 1976
1979 
1981

Acitretin 
NEOTIGASON

1971 1981
1988

Wirkungsmechanismus: Retinsäure-Rezeptor 1987
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analogues of Vitamin A, a programme developed by Bollag since 
the late 1960s.24 �e eminent Roche chemist Otto Isler had been 
the �rst to fully synthesise Vitamin A in 1947, and this was one 
of the vitamins mass produced by Roche – then a major source of 
income for the company. Vitamin A de�ciency led to a condition 
known as hyperkeratosis of the skin, which was associated with 
pathological changes in cells that were also common in some 
skin diseases and precancerous lesions, changes in cells that 
could lead to full-blown cancer. Bollag’s working hypothesis was 
that treatment with suitable analogues of Vitamin A, or, more 
precisely: retinoic acid, would be bene�cial without causing the 
unwanted side e�ects known as hypervitaminosis A syndrome.25

And indeed: both in Bollag’s animal models and in clinical tests, 
some of these retinoids produced remarkable e�ects. �ey even 
appeared to have potential for the prevention of skin cancer, which 
was an exciting observation and suggested a new direction for 
cancer research at Roche.26

Overhead slide for talk that Werner Bollag prepared in 1988,  
listing a succession of retinoids with key dates27

Bollag had started the research programme on retinoids in 
1968 with the development of a suitable animal model to test the 
biological e�ects of these substances, which involved chemically 
induced skin cancers in laboratory mice. By the mid-1980s, Roche 
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chemists had synthesised about 2500 analogues for testing. �e �rst 
generation of synthetic retinoids included isotretinoin (introduced 
in 1982 as Accutane or Roaccutane), which proved very e�ective 
in the treatment of a form of acne and also had e�ects on certain 
precancerous conditions. �e next generation included etretinate 
(introduced in 1981 by Roche subsidiary Laboratoires Sauter as 
Tigason) and actiretin (introduced in 1988 as Neotigason), which 
turned out to have, according to Bollag, ‘an extremely interesting 
preventive and therapeutic e�ect when administered systemically in 
oncologic diseases as well as in a series of dermatological disorders’, 
including especially psoriasis, a debilitating skin disease.28 

Unfortunately the retinoids were not only e�ective in the 
treatment of skin conditions, they were also teratogenic: they could 
cause severe birth defects if taken by pregnant women. �is was a 
problem for a drug used to treat acne, which a�ected especially 
teenagers and young adults. When Accutane was introduced in 
1982 as a prescription drug, it was dispensed with strong warnings 
against taking the drug during pregnancy. Despite the warnings, 
within a year there were three reports of women in the US giving 

28 Bollag, Directions of Cancer Research: 
Retinoids, 14.

Roaccutane
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30 Sandra Blakeslee, ‘Drug That Often Cures 
Acne Can Also Cause Birth Defects’, New 
York Times, 29 October 1984; Gina Kolata, 
‘Anti-Acne Drug Faulted in Birth Defects: 
Hundreds of Birth Defects Caused By Anti-
Acne Drug, Officials Say’, New York Times, 
22 April 1988.

birth to deformed babies.29 Roche sent letters to 500,000 doctors 
and druggists to remind them of the risk. And vials came with a 
strongly worded label, warning patients not to become pregnant 
while they were being treated with the drug.

In 1988, nevertheless, FDA o�cials estimated that several 
hundreds, perhaps more than a thousand babies had been born 
in the US with birth defects caused by Accutane.30 �is was an 
estimate, and not the number of cases o�cially reported to the 
FDA, which was 62. Roche disputed the estimate as being based 
on wrong calculations and far too high, but announced that 
the company would propose changes in the way Accutane was 
distributed, in order to minimise the risk. Dermatologists criticised 
the FDA o�cials, who had claimed that 97 percent of the patients 
treated did not really need Accutane. �is was seen as an insult to 
the professional competence of these doctors. �e true number of 
cases was almost certainly higher than the reported 62, given that 
many women would have su�ered miscarriages without reporting 
them, but almost certainly lower than the thousand estimated by 
the FDA. Roche’s proposals for improvements included changes 

Roche R&D Prize winners, Nutley 
1991. Arthur Levin and Joe Grippo 
are the second and third from the 
left
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to packaging and an extensive education programme.31 In Europe, 
restrictions were more stringent than the US. �ere were only nine 
o�cial reports of birth defects outside the US.32

�e retinoids epitomised the principle that drugs with strong 
bene�cial e�ects o�en also had strong adverse e�ects – this is one 
of the reasons why so few drugs survive the journey from animal 
experiment to marketed medicine. However, the risk of birth defects 
was much reduced for later generations of retinoids, which illustrates 
one of the directions in which these substances could be further 
improved through continuing research and development.33 �e 
goal was to produce low-risk retinoids for the treatment not only of 
precancerous skin lesions but of more advanced tumours, such as 
breast, lung and bowel cancer. Some compounds had shown e�ects 
in animal models for these conditions, but Hartmann expected that 
some time would pass before these could be tested in the clinic.34

Hartmann would soon have to turn his attention to other 
matters, as he was going to relocate to the Nippon Roche Research 
Center in Kamakura. However, the retinoid programme continued, 
both in Nutley and in Basel, investigating the action of retinoids 
and the e�ects they had in the cell at molecular level, which led to 
insights about what happened when a cell became cancerous. In 
Nutley, the toxicologist Dr Arthur Levin and the pharmacologist 
and molecular biologist Dr Joe Grippo at the Department of 
Toxicology and Pathology were awarded the Roche R&D Prize 
in 1991 for work on the molecular biology of retinoid action.35

In Basel, Dr Michael Rosenberger and Dr Michael Klaus received 
the Roche R&D Prize in the following year for developing a 
series of retinoids that were highly selective for the retinoid acid 
receptor alpha (RAR) and had potential as a treatment for acute 
promyelocitic leukaemia, a fairly rare but scienti�cally interesting 
disease associated with a mutation involving the RAR gene.36 When 
writing about this project in 1993, the Assistant Vice President 
and Senior Director of Preclinical Dermatology Research, Dr 
Stanley Shapiro enthusiastically employed the new terminology 
of molecular medicine and targeted therapy:

Roche’s Oncology Department has adopted 
the strategy to discover retinoids which 
selectively bind to these receptors and 
try and select the proper retinoid for the 
proper tumor through selected targeting.37

31 Philip M. Boffey, ‘Maker of Drug for Acne 
Calls Birth-Defect Report “Invalid”: U.S. 
Report on Acne Drug Is Faulted Several 
Leading Dermatologists Were Skeptical.’, 
New York Times, 23 April 1988.

32 Gina Kolata, ‘Europeans Placed Stiffer Curbs 
on Acne Drug: Europeans Have Imposed 
Stronger Curbs on Acne Drug for Years’, 
New York Times, 28 April 1988.

33 ‘Von Tigason zu Neotigason: ein grosser 
Schritt vorwärts’, Roche Magazin, May 1987, 
FE.0.8 103579d, RHA.

34 Diethelm Hartmann, ‘Mit neueren Methoden 
zu nebenwirkungsfreieren Retinoiden: “Ein 
Schwerpunkt ist seit kurzem die Erforschung 
der missbildungsfördernden Eigenschaften 
der Retinoide”’, Roche Magazin, 1989.

35 Joseph Grippo, ‘Novel Therapeutical 
Opportunities’, Insight: Focus on Roche 
Research, 1993. FE.0.8 103579d, RHA.

36 Stanley Shapiro, ‘From Vitamins to 
Pharmaceuticals – the Retinoid Experience’, 
Insight: Focus on Roche Research, 1993; 
‘Zweites Genfer Retinoid-Symposium: 
Retinoide in neuem wissenschaftlichem 
Glanz’, Roche Magazin, February 1991. FE.0.8 
103579d, RHA.

37 Shapiro, ‘From Vitamins to Pharmaceuticals 
– the Retinoid Experience’, 4.
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34. Chemotherapy is dead – long live targeted 
therapy: from 5-FU to Xeloda

It is probably safe to assume that Hartmann did not envisage 
himself as Director of a Japanese research institute, the Nippon 
Roche Research Center, when he joined Roche in 1983. Roche 
had a presence in Japan since 1904. In 1924 it was incorporated 
as Roche Gomei Kaisha. Market conditions were not easy for 
non-Japanese pharmaceutical companies in Japan, and most 
Roche drugs were licensed to Japanese companies until the mid-
1960s, when under a new director, Jean-Jaques de Pury, Nippon 
Roche entered a new era, increasingly developing, producing, 
and marketing products under the Roche brand. In 1967 Roche 
moved into an impressive, modernist complex of buildings in 
Kamakura. In 1972, the NRRC opened its doors. 

Japanese laws demanded that all drugs sold in Japan were 
tested in Japan, in animal experiments and in the clinic, even 
if they were already approved elsewhere. �e NRRC provided 
facilities not only to satisfy such regulatory requirements for drugs 
developed in Basel, Nutley or Welwyn, but also to undertake basic 
research and develop new products in Kamakura. Nippon Roche 
grew rapidly, from 120 employees in 1968 to 850 in 1973 and over 
1200 in the early 1980s. By then, only the clinical tests had to be 
undertaken in Japan and on Japanese patients. In 1982, Nippon 
Roche inaugurated a new biotechnology building. Kamakura was 

Entrance to the NRRC Ofuna (Kamakura) 1971
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one of the sites where the new recombinant DNA technologies 
were being developed, for the production of interferon and other 
biological molecules. Several products were being developed and 
tested for the Japanese market, including Tigason, Roferon-A, and 
a series of potential successors for 5-FU.38

�e market for cancer drugs in Japan was the second biggest 
in the world, worth 886 million US Dollars in sales in 1985, 
compared to 1.736 billion Dollars in the US. Among the top ten 
companies world-wide in terms of anti-cancer drug sales, four 
were Japanese.39 Japan has a long tradition in cancer research. �e 
Japanese journal of cancer research, Gann (Japanese for cancer), 
�rst published in 1907 is one of the oldest of its kind – only the 
Revue des Maladies Cancéreuses (1896), the Bulletin du Cancer 
and the Zeitschri� für Krebsforschung (both 1904) are older. �e 
Japanese Foundation for Cancer Research, established in 1908, 
with its initially 161 physician members is among the oldest 
societies of its kind. Japanese researchers pioneered research on 
carcinogenesis and developed some of the �rst animal models 
for experimentally induced tumours.40 Japanese clinicians and 
researchers have played leading roles in international e�orts to 
understand and treat the disease ever since.41

�e epidemiological pattern of cancer in Japan is di�erent 
from Europe and the US, with stomach cancer much more 
common. In 1985, almost a third of all cancer deaths in Japan were 
from stomach (or gastric) cancer: 32.6 percent. �is compared to 
19.1 percent from lung cancer and 13.3 percent from cancers of the 
liver and the bile duct. Only 3.3 percent of the deaths were from 
breast cancer. In contrast, in the US, the leading cause of cancer 
deaths was lung cancer (27.5 percent), followed by colorectal (12.7 
percent) and breast cancer (8.5 percent). Stomach cancer caused 
only 3 percent of the deaths.42 In terms of incidence, stomach 
cancer was the second-most common cancer in the world, so 
Japanese expertise was very valuable. Only lung cancer was 
diagnosed more frequently.43

�e standard treatment for stomach cancer has long been 
surgery.44 In fact, operations involving the removal of the stomach 
or parts of it had been among the �rst radical surgical procedures 
developed for the treatment of cancer in the 1880s and 1890s.45 In 
Japan, the National Hospital Cooperative Cancer Chemotherapy 
Study Group trialled postoperative adjuvant chemotherapy for 
gastric cancer since 1959 (chemotherapy in addition to surgery 
in order to catch any cancerous cells missed by the surgeon).46 In 
the 1970s clinicians found that long-term treatment with the new 

38 ‘50 Jahre Nippon Roche’, Roche Magazin, 
1982. FE.0.8 103579b, RHA.

39 Oncology Task Force Report, 31–2.
40 Katsusaburo Yamagiwa and Koichi Ichikawa, 
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41 Malcolm A. Moore and Tomotaka Sobue, 
‘Cancer Research and Control Activities in 
Japan: Contributions to International Efforts’, 
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orally administered 5-FU formulations had a bene�ciary e�ect.47

Roche managers had noted that since the introduction of oral 
5-FU, the total turnover of 5-FU had increased rapidly, without 
much extra promotion.48

Building on their initial success with 5-FU, researchers 
at Roche Nutley, together with Charles Heidelberger and his 
colleagues at the University of Wisconsin, Madison had been 
developing a second generation of fluoridated pyrimidines, 
which could be taken orally and were expected to cause less 
severe side e�ects. In June 1969, Roche Nutley submitted a New 
Drug Application for Ro 5-0360, 5-Fluoro-2’-deoxyuridine, or 
�oxuridine.49 �e compound had been �rst synthesised in 1959 
by Max Ho�er and Robert Duschinsky in Nutley, jointly with two 
colleagues of the Sloan Kettering Division of Cornell University 

47 S. Fujimoto et al., ‘Protracted Oral 
Chemotherapy with Fluorinated Pyrimidines 
as an Adjuvant to Surgical Treatment for 
Stomach Cancer’, Annals of Surgery 185, 
no. 4 (1977): 462–66.

48 FE.0.4 101129d, RHA.
49 Minutes, RRMG Meeting, 11–16 June 1969. 
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Medical College, and tested by Charles Heidelberger in Madison.50

Unlike 5-FU, floxuridine survived the passage through the 
digestive system, but once absorbed into the blood stream it was 
quickly converted by the liver into 5-FU, the active substance.51

Floxuridine gained FDA approval in December 1970. Roche 
marketed this 5-FU prodrug as FUDR. Over the next few years, 
A.F. Cook and three colleagues in the Departments of Chemistry 
and Chemotherapy at Roche Nutley continued to synthesise and 
test a series of similar structures, including Ro-21-9738, 5-Fluoro-
5’-deoxyuridine, also known as 5-DFUR or doxi�uridin.52 By 
1980, the NRRC had initiated a series of studies exploring the 

50 Max Hoffer et al., ‘Simple Synthesis of 
Pyrimidine-2’-Deoxy-Ribonucleosides’, 
Journal of the American Chemical Society 
81, no. 15 (1959): 4112–13.

51 For an overview, see Jadd Shelton et 
al., ‘Metabolism, Biochemical Actions, 
and Chemical Synthesis of Anticancer 
Nucleosides, Nucleotides, and Base 
Analogs’, Chemical Reviews 116, no. 23 
(2016): 14379–455.

52 A. F. Cook et al., ‘Fluorinated Pyrimidine 
Nucleosides. 3. Synthesis and Antitumor 
Activity of a Series of 5’-Deoxy-5-
Fluoropyrimidine Nucleosides’, Journal 
of Medicinal Chemistry 22, no. 11 (1979): 
1330–35.
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mechanism of action and the e�ectiveness of this new 5-FU 
prodrug, including a Phase I trial.53 A series of Phase II clinical 
studies involving a range of di�erent cancers followed, at several 
Japanese cancer centres. In 1987, doxi�uridin was approved by the 
Japanese authorities and marketed by Nippon Roche as Furtulon. 
�e drug was not cytotoxic – it was converted into cytotoxic 5-FU 
by the liver and in the tumour tissue itself. Although originally 
synthesised in Nutley, the drug has never been approved by the 
FDA for routine use in the US.

When Hartmann moved to Kamakura in 1990 to take on the 
directorship of the NRRC, the cancer researchers under Hideo 
Ishitsuka were working on the next generation of 5-FU prodrugs, 
a successor to Furtulon. �e goal was, as always, to achieve 
more of the desired bene�cial e�ects, killing cancer cells, with 

53 S. Tsukagoshi, ‘Overview of New Anticancer 
Drugs of Interest in Japan’, Cancer 
Treatment Reviews 7, no. 4 (1980): 215–24; 
another Phase I trial was undertaken in 
Switzerland by R. Abele et al., ‘Phase I 
Clinical Study with 5’-Deoxy-5-Fluorouridine, 
a New Fluoropyrimidine Derivative’, Cancer 
Treatment Reports 66, no. 6 (1982): 1307–13.

54 Xeloda Product Monograph, 1998. 
PD.3.1.XEL 104047e, RHA.

55 For an interview with Ishitsuka, see 
‘Forschung im Schatten des grossen 
Buddha’.
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fewer unwanted side e�ects.55 �e new compound, capecitabine 
(marketed in 1998 as Xeloda) turned out to be a big hit. �e 
compound was not cytotoxic and rapidly ingested by the gut, then 
converted into two intermediate products in the liver, 5-DFCR and 
5-DFUR, which were �nally converted into 5-FU, predominantly 
in the tumour tissue. �e enzyme responsible for this �nal step, 
thymidine phosphorylase, was highly concentrated in most solid 
tumours. In a short memoir which Hartmann deposited in the 
Roche Archive, he remembers that Jürgen Drews, Roche’s Head 
of Research nearly cancelled the capecitabine project when he 
stopped in Kamakura on one of his annual visits in the early 1990s, 
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because, as Hartmann stipulates, Drews no longer believed in 
chemotherapy and wanted the company to concentrate all e�orts 
on the new monoclonal antibody compounds.56 Fortunately he 
changed his mind when Ishitsuka and his colleagues in Kamakura 
con�rmed the sophisticated activation pathway of the new drug.

35. Marketing the first oral tumour-activated 
drug for breast cancer

�e FDA approved Xeloda (capecitabine) tablets on 30 April 
1998 under accelerated approval regulations for the treatment of 
metastatic breast cancer resistant to both paclitaxel (the generic 
name for Taxol) and an anthracycline-containing chemotherapy 
regimen. �e accelerated approval procedure had been introduced 
under pressure from AIDS activists following the HIV-AIDS crisis 
in the 1980s, who were increasingly joined by cancer activists 
urging the FDA and pharmaceutical companies to make new 
drugs accessible more quickly. Approval was based on a Phase 
II study.57 One condition for the accelerated approval was that 
a Phase IV study had to be conducted subsequently, comparing 
Xeloda plus docetaxel with docetaxel alone. As was usual, the 
new drug was approved as a therapy of last resort, but with 
the expectation that it was going to be tested and, if e�ective, 
prescribed for increasingly early stages of breast cancer, as well as 
for other cancers.58 By 2001, Xeloda was approved as monotherapy 
for advanced breast cancer in more than 50 countries. Roche’s 
Medical Director of Oncology, �omas Gri�n expected that 
the drug would help ‘rede�ne chemotherapy’ as it only caused 
minimal hair loss and had a much reduced impact on patients’ 
quality of life.59 Approval as �rst-line treatment for advanced 
colorectal cancer was also granted in 2001, both in Europe and 
the US. In 2007 Xeloda was approved by the European authorities 
for the treatment of advanced stomach cancer, following two 
large-scale Phase III trials.60

Xeloda was a remarkable success, in several ways, not just 
because it turned into a signi�cant source of income for Roche. 
First, while it was not a product of molecular biology research, 
thanks to the tumour-speci�c delivery of 5-FU, Xeloda could be 
said to �t the pro�le of a targeted drug. Second, partly because 
researchers could build on decades of experience with 5-FU and 
its prodrugs, Xeloda’s development phase was unusually short, 
with just over three years from ‘entry in man’ to the submission 

56 Diethelm Hartmann, ‘Xeloda – ein 
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of an application for FDA approval. �ird, because 5-FU was so 
well established clinically, Xeloda was quickly taken up for the 
treatment of other 5-FU responsive cancers. Finally, and perhaps 
most importantly, Xeloda helped to reposition Roche as a major 
player in oncology. Drews had been mistaken in 1986 to dismiss 
chemotherapy.

The Xeloda marketing team was advised to focus on 
colorectal cancer as a key indication and break into the lucrative 
market for adjuvant chemotherapy. One of the challenges that the 
team set itself was to ‘beat the marketing dominance of Bristol 
Mayer [sic] Squibb (BMS) – an established oncology company’.61

Bristol-Myers Squibb were dominating the market with their 
best-selling cancer drug Taxol.62 Roche embarked on a major 
marketing drive, with a strong presence at a range of oncology 
conferences, some sponsored directly by the company. At the 
American Society of Clinical Oncology (ASCO) meeting in New 
Orleans in 2000, Roche presented 40 studies, including many 
involving Xeloda or Roferon-A. �is compared to 150 studies 
presented by BMS. ‘Roche has been in oncology for many years,’ 
Roche’s principal scientist at Nutley’s oncology department, 
Steve R. Ritland told Dow Jones News: ‘�ere has been a shi� in 
emphasis and now it is one of our major therapeutic areas.’63 �e 
article goes on to quote pharmaceutical analyst Ira Loss:

When I think of companies that have a big 
presence in oncology, I don’t think of them 
[Roche]. … But I don’t think it’s ever too 
late if you have a new compound that’s a 
good compound. If they come up with a 
compound that appears to offer something 
that products currently on the market don’t 
offer, it won’t take them long at all.64

With the help of Genentech, Roche would indeed come up 
with more than one such compound, as we will see in the next 
chapter.
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36. Roche and Genentech

Roche may not have appeared like an obvious candidate for a major 
role in oncology to Ira Loss. However, thanks to an increasingly 
closer collaboration with Genentech, which at times looked almost 
symbiotic, the company was about to spearhead a transformation 
in cancer therapy. On 15 May 1997 Genentech announced ‘its entry 
into the oncology market with a new BioOncology initiative backed 
by a pipeline of innovative biotherapeutic agents’. Genentech had 
four drugs in development, said Genentech’s president and CEO, 
Arthur D Levinson, ‘one of the strongest oncology pipelines in 
cancer research’. But the �rm would enter the oncology market 
(a sales force of ‘trained professional representatives dedicated to 
oncology’ had been hired) by promoting Roferon-A, the interferon 
which Roche and Genentech had developed jointly in the late 
1970s and early 1980s. �e sales force would then be ready for 
Genentech’s new cancer drugs, the majority of which were new 
types of monoclonal antibodies, which interfered with cancer at 
the molecular level. One of these, rituximab (which would be 
marketed in the US as Rituxan and elsewhere as Mab�era), had 
recently been submitted for review to the FDA, for the treatment of 
a form of non-Hodgkin’s lymphoma, and when approved later that 
year was going to be the �rst therapeutic antibody available for the 
treatment of cancer in the US. �e other Mabs in development were 
a treatment for breast cancer (trastuzumab, approved by the FDA 
in 1998 and marketed as Herceptin) and an angiogenesis inhibitor 
(bevacizumab, approved in 2004 and marketed as Avastin), which 
would starve tumours by stopping their blood supply.1

Roche and Genentech had gone through turbulent times, 
both individually and together, since they had collaborated on the 
cloning and production of interferon.2 In 1980 Genentech had 
triggered a Wall Street gold rush when the one million shares the 
�rm released for 35 Dollars in their initial o�ering, traded at 89 
Dollars within about an hour or so. �e market boomed, but crashed 
soon, and Genentech like other American biotech companies faced 
di�culties raising funds, as they could not deliver the promised 
molecular miracle drugs as quickly as Wall Street had been led to 
expect.3 By the end of the decade, Genentech had two products on 
the market: Nutropin: a recombinantly produced human growth 
hormone, and Activase: a recombinantly produced enzyme that 
helped to dissolve blood clots a�er heart attacks or strokes. 

�e FDA assessment of Activase had been less enthusiastic 
than Genentech had expected, and hopes to bring its own gamma 

1 Press Release: Genentech Focuses On 
Cancer as It Launches BioOncology 
Initiative. New BioOncology Initiative Works 
to Commercialize Pipeline of Biotherapeutic 
Anti-Cancer Products’, 15 May 1997.

2 On the early history of Genentech, see 
Hughes, Genentech.

3 Teitelman, Gene Dreams.
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interferon to market and to develop a biological molecule known 
as tumour necrosis factor into a cancer drug were dwindling, 
although both had cost a lot of development money and progressed 
to clinical trials. Genentech stressed that it was not desperate for 
money – it had revenues of 400 million Dollars in 1989, but needed 
funds to develop products in the pipeline. And Genentech’s R&D 
was exceptionally expensive. On 2 February 1990 the company, 
which the New York Times called ‘the crown jewel of the United 
States biotechnology industry’, announced that it would sell 60 
percent of the its shares to Roche, for 2.1 billion Dollars in cash, 
along with an option to purchase the remaining 40 percent by 
1995.4 Roche’s Head of Pharma, Armin Kessler and the Head 
of Research, Jürgen Drews joined the Genentech Board. �ere 
were some concerns that Genentech would lose its independence 
and, as a consequence, its reputation as an innovation hothouse 
and also, most worryingly, its best scientists. However, the �rm’s 
co-founder Robert Swanson insisted that there was no risk. 
Indeed, the investment banker who helped to arrange the deal, 
Frederick Frank, suggested that Roche was taking on the role 
of, as Frank put it, ‘enlightened self-interest and a contributing 
partner, not a dominating owner’.5

�e rebound for Genentech began in 1993, when Activase 
was rehabilitated in a large clinical trial which demonstrated 
that the drug was more e�ective than cheaper competitors. In 
1995, Arthur Levinson replaced Kirk Raab as Genentech CEO. 
A former marketing executive at Abbott, Raab had introduced 
some sharp sales practices while attempting to turn Genentech 
from a biotech start-up into a mature pharmaceutical company, 
which led to allegations of impropriety and, in the eyes of some 
commentators, had damaged Genentech’s reputation. Levinson 
was a biochemist who had joined Genentech as a sta� scientist 15 
years earlier. Analysts interpreted his appointment as a signal that 
Roche intended to run Genentech as a research centre. According 
to one analyst:

By appointing Levinson, they send a message 
that research and development is king, and 
that will probably help in retaining scientists.6

It was evident that Levinson believed it was in Genentech’s 
best interest to let Roche assume responsibilities for international 
sales and marketing. In an interview he told the New York Times:

4 Andrew Pollack, ‘U.S. Biotechnology Leader 
to Sell Swiss 60% Stake: Genentech to 
Sell 60% Stake to Swiss’, New York Times, 
3 February 1990.

5 Daniel F. Cuff, ‘Genentech Matchmaker 
Calls Roche Ideal Partner’, New York Times, 
7 February 1990.

6 Analyst Mark Simon, quoted in Lawrence M. 
Fisher, ‘With New Genentech Chief, Science 
Takes Center Stage’, New York Times, 12 July 
1995.
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Syntex Palo Alto 1995

What we are good at is discovering 
drugs and developing drugs. … To 
set up an international marketing 
organisation is probably something 
we could do, but it would be a 
great distraction. Roche has a 
great international sales force, 
so that is one area of synergy.7

Meanwhile, research in Nutley was slowly 
being wound down. In 1994 Drews circulated a memo announcing 
540 job cuts, including RIMB sta�. Roche management were 
thinking about moving the institute to Syntex in Palo Alto, a biotech 
company that Roche had acquired earlier that year, and shi�ing 
its focus to genomic sciences.8 In 1996 Roche closed the RIMB.

So what did Roche’s and Genentech’s oncology pipeline look 
like at this stage? �e three Mab oncology drugs that the �rm had 
in the pipeline when the BioOncology Initiative was announced 
in 1997 were rituximab (Rituxan/MabThera), trastuzumab 
(Herceptin) and bevacizumab (Avastin). �e goal was the same 
as it had been throughout the history of modern cancer therapy: 
to develop interventions that a�ected tumour cells as speci�cally 
as possible, with as few side e�ects as possible. �ey were helped 
in the US by the new fast-track approval process, permitting 
provisional approval of new compounds based on smaller and 
cheaper, but also less conclusive clinical trials. �ere was hope 
that new compounds were much more speci�c than older drugs. 
In the words of an article in the New York Times commenting on 
the new developments in 1997:

Perhaps the biggest gain in the new 
therapies is that unlike chemotherapy drugs 
they have few and very mild side effects. 
Because they are so well tolerated, the 
drugs can be prescribed in large doses 
that are more likely to have an effect, and 
they can be taken for many years.9
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�is brought about a shi� in expectations as to what bene�ts 
these drugs could deliver: neither just palliation nor quite a cure. 
Rather, like insulin for diabetics, or some of the new AIDS drugs, 
these compounds would turn cancer into a chronic disease, which 
could be managed over long periods of time.10 As was the case for 
the new AIDS drugs, in the words of the author of the New York 
Times article,

people are not so much talking about 
a cure – though some cancers may be 
curable – but about lengthening lives. 
People will still die with cancer, but 
they will die less often of cancer.11

But let us trace the individual trajectories of these 
compounds, starting with a brief excursion into the history of 
oncogene research.

10 Daniel M. Fox and Elizabeth Fee, AIDS: The 
Making of a Chronic Disease (Berkeley: 
University of California Press, 1992).

11 Fisher, ‘For Cancer Patients, Hope Is Near 
End of Pipeline’.

Genentech’s Robert A Swanson (Chairman of the Board) and Kirk Raab (CEO) 1990
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37. Approaching oncogenes

There had been much excitement in the early 1980s about 
oncogenes, a major source of hype when the biotech companies 
turned to cancer.12 Oncogenes were one of the possible directions 
of travel highlighted by Roche’s Oncology Task Force report in 
1986. �e problem, as o�en, was that things were more complicated 
than they appeared at �rst glance.

In 1975, Michael Bishop and Harold Varmus at the 
University of California San Francisco (UCSF) undertook a series 
of key experiments that demonstrated that DNA sequences very 
similar to sequences which had been identi�ed in the genomes 
of viruses which caused tumours in chickens, such as the Rous 
Sarcoma Virus, could also be found in the cells of healthy birds. 
�eir work, building on foundations laid by many others, was 
funded by the NCI as part of the Institute’s extensive cancer virus 
research programme.13 Bishop, Varmus and colleagues published 
their �ndings in 1976, proposing that the gene sequences that 
caused these tumours were not of viral origin, but had been 
incorporated into the virus genome from host cells, during the 
evolution of the virus.14

Subsequently it emerged that similar sequences could be 
found in all animals, including humans: these sequences became 
known as proto-oncogenes. Mutations could turn them into 
oncogenes, which appeared to be associated with cancer. Not 
surprisingly, these exciting �ndings triggered a lot of interest. 
�e �eld of oncogene research exploded. By the late 1980s more 
than 40 oncogenes had been identi�ed. �ey were subsequently 
found to be analogues of genes involved in the complex processes 
regulating cell growth and cell division. �e products of these 
proto-oncogenes, the proteins for which they provided the 
blueprints, turned out to be elements of complicated signalling 
pathways across cell membranes and within the cell: they 
included so-called growth factors, growth factor receptors, signal 
transducing proteins, phosphokinases and DNA-binding proteins. 
Mutations in these genes could block communication channels 
in the cell and, when cells no longer responded to neighbouring 
cells, lead to uncontrolled growth and cell proliferation: cancer. 
Oncogenes promised a route to a molecular understanding of 
the processes underlying cancer, and ultimately cancer drugs 
that targeted tumour growth through speci�c interventions at 
molecular level.15

12 Teitelman, Gene Dreams.
13 Scheffler, A Contagious Cause.
14 D. Stehelin et al., ‘DNA Related to the 

Transforming Gene(s) of Avian Sarcoma 
Viruses Is Present in Normal Avian DNA’, 
Nature 260, no. 5547 (11 March 1976): 
170–73.

15 J. Michael Bishop, How to Win the Nobel 
Prize: An Unexpected Life in Science, The 
Jerusalem-Harvard Lectures (Cambridge, 
Mass: Harvard University Press, 2003); Klaus 
Bister, ‘Discovery of Oncogenes: The Advent 
of Molecular Cancer Research’, Proceedings 
of the National Academy of Sciences of 
the United States of America 112, no. 50 
(15 December 2015): 15259–60.
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16 J. Downward et al., ‘Close Similarity of 
Epidermal Growth Factor Receptor and 
V-Erb-B Oncogene Protein Sequences’, 
Nature 307, no. 5951 (9 February 1984): 
521–27.

38. ErbB and HER2/neu: Ullrich’s project

One of these oncogenes providing potential targets for interventions 
in the complex processes that made cells go rogue and led to cancer 
was erbB. In 1983, Axel Ullrich at Genentech and Mike Water�eld 
who worked at the Imperial Cancer Research Fund’s London-based 
laboratories, started a conversation about a protein that Ullrich had 
successfully cloned, Epidermal Growth Factor (EGF). �ey decided 
to try and clone the receptor that EGF docked to, a protein that 
reached through the cell membrane, transferring the growth signal 
from the outside to the inside. In the process they found that the 

EGF receptor was identical to the gene product of an oncogene 
found in avian erythroblastosis virus, erbB, whose sequence had 
been published. �e receptor was the �rst recognised connection 
between cancer and a growth-regulating protein. Ullrich and 
Water�eld published their �ndings in 1984.16

Ullrich had grown up in Germany, studied biochemistry 
at Tübingen University, and completed a PhD in molecular 
genetics at Heidelberg University, where in 1975 Herb Boyer, the 
co-founder of Genentech, gave a talk on the new recombinant 
DNA technologies: methods for the transfer of non-bacterial 
genes into bacteria (also known as cloning), with the goal to get 
the bacteria to produce the proteins these genes encoded: that 

Molecular 
structure of 
the Epidermal 
Growth Factor 
Receptor
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is, for which they provided the blueprints. Ullrich and another 
German PhD student he knew from Tübingen, Peter Seeburg, 
decided to apply for post-doctoral positions in San Francisco. 
Ullrich joined a laboratory at the University of California San 
Francisco (UCSF) later in the same year, 1975, not far from 
Boyer’s lab. He had also applied to Michael Bishop’s group, but had 
been turned down.17 Ullrich was keen to work on the cloning of 
c-DNA, an exciting new technique for ‘�shing’ genes that encoded 
interesting proteins. �e �rst project he was working on was the 
cloning of insulin. A�er three and a half years as a post-doc, 
and following some soul searching, he accepted an o�er to join 
Genentech in 1979. Bob Swanson, the Silicon Valley venture 
capitalist and co-founder of the company had pursued him since 
1977, when the company only existed on paper and did not have 
its own premises. Peter Seeburg, who successfully cloned human 
growth hormone, also joined Genentech. Both insulin and growth 
hormone were on Swanson’s list of target products. 

17 Axel Ullrich, ‘Molecular Biologist at UCSF 
and Genentech’, an oral history conducted 
in 1994 and 2003 by Sally Hughes, Regional 
Oral History Office, The Bancroft Library, 
University of California, Berkeley, 2006.
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By the time Ullrich started to think about growth factors in 
the early 1980s, Genentech was home to a unique concentration of 
cloning expertise. Ullrich and his colleagues managed to obtain the 
complete sequence of a second EGF receptor, which they christened 
HER2 (Human EGF Receptor 2). It turned out that the HER2 gene 
was identical with a gene isolated from neurological rat tumours and 
characterised in 1979 in the laboratory of Robert Weinberg, a young 
Assistant Professor at the Massachusetts Institute of Technology 
(MIT). When injected into normal mouse cells, the gene turned 
these cancerous. Weinberg christened it ‘neu’ with reference to 
the neural origin of the tumours.18 Ullrich had rediscovered ‘neu’, 
coming from a di�erent direction. When the connection became 
clear, the new EGF receptor was referred to as HER2/neu. 

Ullrich did his work on HER2 without explicit authorisation 
from the Genentech management. �is was basic research, driven 
by Ullrich’s curiosity but pursued in the laboratories and �nanced 
by a commercial company. It was not clear at this point how a 
growth factor receptor could be translated into a marketable 
product.

39. HER2/neu in the clinic: Slamon’s 
campaign

A chance meeting in 1986 between Ullrich and a clinician, Dennis 
Slamon, an oncologist based at the University of California 
Los Angeles (UCLA), was the crucial step towards realising 
the clinical relevance of HER2/neu. Subsequently, Slamon was 
going to campaign very successfully for the project, well beyond 
the Genentech campus. �is turned him into the public face of 
Herceptin and provided critical momentum when support among 
Genentech management was �agging. Slamon had a growing 
collection of human tumour samples, and he and Ullrich agreed 
to try and match DNA sequences from Ullrich’s collection of 
suspected oncogenes with tumour samples from Slamon’s 
collection. �ey found a match between HER2/neu and a selection 
of ovarian and breast cancer samples. �is was the beginning 
of a fertile collaboration between the two, also involving other 
researchers at Genentech and elsewhere. �ey found that the 
a�ected tumours did not produce a defective protein, as might 
be expected, but rather they produced abnormally high amounts 
of the normal protein, a phenomenon known as overexpression 
or ampli�cation.19

18 A. L. Schechter et al., ‘The Neu Gene: An 
ErbB-Homologous Gene Distinct from and 
Unlinked to the Gene Encoding the EGF 
Receptor’, Science 229, no. 4717 (1985): 
976–78.

19 D. J. Slamon et al., ‘Human Breast Cancer: 
Correlation of Relapse and Survival with 
Amplification of the HER-2/Neu Oncogene’, 
Science 235, no. 4785 (1987): 177–82; D. 
J. Slamon et al., ‘Studies of the HER-2/
Neu Proto-Oncogene in Human Breast 
and Ovarian Cancer’, Science 244, no. 4905 
(1989): 707–12.

Axel Ullrich

©
 M

ax
 P

la
nc

k 
In

st
itu

te
 o

f B
io

ch
em

is
tr

y



130

With help from Genentech’s immunology department they 
created a monoclonal antibody against HER2/neu and found that 
adding this Mab to cells stopped the uncontrolled growth. �is 
was a mouse antibody, created with the established hybridoma 
method. To develop it into an e�ective agent for clinical use, 
it had to be re-engineered, as mouse antibodies were attacked 
and destroyed quickly by the human immune system when they 
were injected into a patient’s blood stream. Ullrich and Slamon 
were enthusiastic about the potential of HER2/neu and the new 
Mab. However, they initially failed to persuade the Genentech 
management to invest in its potentially expensive development. 
�ere was little appetite at this point for a new cancer drug, 
following the failure of the interferon gamma and tumour necrosis 
factor projects.

Ullrich le� the company in 1988, somewhat frustrated 
with Genentech, to return to Germany and became Director 
of a Max Planck Institute. He continued to act as a consultant 
to the project, which at Genentech was now coordinated by a 
colleague, Mike Shepard. In 1989, the HER-2/neu project found 
a new champion in Genentech’s top management. According 
to Robert Bazell’s engaging book on Herceptin, the mother of 
Genentech’s vice president for manufacturing, Bill Young, had 
been diagnosed with metastatic breast cancer. Knowing how dire 
the prospects were for such patients, Young pledged his support 
for the project. Genentech decided to take the HER2/neu project 
into the development phase.20 Pursuing his campaign well outside 
Genentech’s o�ces, Slamon received substantial philanthropic 
support from a number of Los Angeles-based celebrities for the 
clinical research on HER2/neu.

40. Re-engineering the HER2/neu antibody

Monoclonal antibodies have been discussed earlier in this book: 
originally invented by César Milstein and Georges Köhler in 1975, 
they played a crucial role in the development and production of 
Roferon-A. Perhaps not surprisingly, the possibility of generating 
therapeutic Mabs was discussed early on: they had the potential 
of turning into biological magic bullets, selectively binding to 
sites on the cell surface and interfering with key receptors and 
other proteins involved in the molecular pathways that made cells 
turn cancerous.21 In 1990 Genentech hired a young post-doctoral 
researcher, Paul Carter, from the MRC LMB in Cambridge, 

20 Robert Bazell, Her-2: The Making of 
Herceptin, a Revolutionary Treatment for 
Breast Cancer (New York: Random House, 
1998).

21 Therapeutic Mabs were discussed at the 
IRCAG meeting on 22–23 March 1982 in 
Nutley. FE.0.4 107293c, RHA.
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22 William D Young, ‘Director of Manufacturing 
at Genentech’, an oral history conducted in 
2004 by Sally Hughes, Regional Oral History 
Office, The Bancroft Library, University of 
California, Berkeley, 2006.

where Milstein worked and where he had acquired expertise in 
humanising monoclonal antibodies: originally created in mice, 
the antibodies were modi�ed so that they were not attacked and 
neutralised immediately when injected into a patient’s blood 
stream. 

Humanising a monoclonal mouse antibody is no trivial 
task. It involves what is essentially a re-engineering of the protein 
molecule, and its production using recombinant DNA technology. 
�is was done not in E.coli bacteria but in mammalian cells. �e 
result was an antibody which to the human immune system 
looked like a human antibody. Only the antigen binding site, 
the section of the antibody that was known to dock to the HER2 
protein was identical with the original mouse antibody. �e gene 
encoding the humanised HER2/neu antibody was then inserted 
into the DNA of Chinese Hamster Ovary (CHO) cells, which were 
‘tricked’ into producing these under laboratory conditions, in cell 
culture. Previously Genentech had used E.coli bacteria cultures to 
make biological drugs. �e new method had been developed for 
another Genentech product: Activase. Genentech were the �rst 
company that grew gene-modi�ed CHO cells in fermenters for 
producing recombinant protein drugs.22

41. Testing Herceptin

�e clinical testing of the humanised HER2/neu antibody started 
in 1992. Genentech set up Phase I and Phase II clinical trials 
at the Sloan Kettering Cancer Research Institute in New York 
City, at UCSF and at UCLA to test the antibody in women with 
advanced breast cancer whose tumours were overexpressing HER2 
(about a third of all breast cancer patients). In addition, Slamon 
organised a trial at UCLA to test it in combination with cisplatin, 
an established chemotherapy drug. Phase I (or �rst-in-humans) 
trials are tests with a limited number of healthy volunteers (for 
cancer drugs: cancer patients), designed to establish if and at what 
dosage a new therapeutic compound is safe for use in further 
therapeutic trials. Before a company could start Phase I trials in 
the US, an Investigative New Drug (IND) application had to be 
submitted and approved by the FDA. 

Phase II trials involve larger groups of participants (typically 
100–300), to establish if the substance under investigation has the 
desired e�ects in human patients. Positive e�ects in Phase I trials 
are an exception, and cancer patients o�en do not survive the trials. 
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Most of Slamon’s Phase I patients, in fact, did pass away. However, 
in one patient the injected antibody-cisplatin combination had 
dramatic e�ects: her cancer disappeared.23 �e Phase I and II 
trials demonstrated that the antibody did not trigger a dangerous 
immune response, even if given repeatedly. And they showed that 
the basic concept of antibody treatment worked, contrary to what 
many sceptics thought. �e Mab injected into the blood stream 
did reach the tumour cells. In about a quarter of the patients the 
tumours shrank, and more than half of the women experienced 
positive e�ects, albeit not in all cases that striking.24 Importantly, 
these were women with very advanced breast cancers. As the new 
substance was non-toxic, there was hope that, even if it might 
not cure the cancer, it could potentially be used to keep tumours 
from growing for as long as the antibody was administered. �e 
combination trials with cisplatin led to similarly encouraging 
results as the trials with the antibody alone.25

By 1994 it was clear that the Her2/neu antibody worked 
and had potential to turn into a revolutionary new drug: the �rst 
therapeutic antibody targeting a major form of cancer. But Phase 
III trials, the next stage in the testing process, were eye wateringly 
expensive, and their organisation logistically very challenging. 
Hundreds of collaborating doctors had to be recruited in hospitals 
initially all over the US, and later internationally. Scores of patients 
had to be convinced to take part in the trial. At this stage, in 1995, 
the alliance with Roche provided welcome �nancial security. By 
1996 Phase III clinical trials were under way, which accounted 
for a signi�cant proportion of Genentech’s R&D budget of 471 
million Dollars (49% of the company’s total revenues in 1996).

42. Rituximab: the first therapeutic Mab for 
cancer approved in the US

�e story of rituximab (Rituxan, Mab�era) overlaps with that of 
Herceptin. It has been told in detail in Lara Marks’ book on the 
history of the monoclonal antibody technology.26 While rituximab 
was approved earlier than trastuzumab, its development started 
later. It was developed by a San Diego based �rm, IDEC, founded 
by three oncologists, Lee Nadler, Ron Levy and Ivor Royston, who 
believed that they could develop a commercially viable lymphoma 
drug but had been unable to �nd pharmaceutical support. IDEC’s 
CEO was an MIT graduate and former Genentech employee, 
William Rastetter. �ey encountered reluctance to invest in Mabs 

23 Bazell, Her-2.
24 M. A. Cobleigh et al., ‘Multinational Study 

of the Efficacy and Safety of Humanized 
Anti-HER2 Monoclonal Antibody in Women 
Who Have HER2-Overexpressing Metastatic 
Breast Cancer That Has Progressed after 
Chemotherapy for Metastatic Disease’, 
Journal of Clinical Oncology: Official Journal 
of the American Society of Clinical Oncology 
17, no. 9 (1999): 2639–48.

25 M. D. Pegram et al., ‘Phase II Study of 
Receptor-Enhanced Chemosensitivity Using 
Recombinant Humanized Anti-P185HER2/
Neu Monoclonal Antibody plus Cisplatin 
in Patients with HER2/Neu-Overexpressing 
Metastatic Breast Cancer Refractory to 
Chemotherapy Treatment’, Journal of Clinical 
Oncology: Official Journal of the American 
Society of Clinical Oncology 16, no. 8 (1998): 
2659–71.

26 Marks, The Lock and Key of Medicine, 2015.
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against cancer. Also, the type of non-Hodgkin’s lymphoma that 
IDEC were targeting with their project was quite rare, with about 
30,000 to 40,000 cases world-wide in the early 1990s. Potential 
investors doubted that the new treatment was �nancially viable. 

IDEC decided to develop a Mab that bound speci�cally to 
B-lymphocytes, cells forming part of the immune system which 
went malignant in certain forms of non-Hodgkins lymphoma. 
One of the mouse Mabs they produced turned out to bind 
speci�cally to a surface structure on B-cells known as CD20 (CD 
stands for Cluster of Di�erentiation). With the Mab attached to 
the CD20 antigen, the cells became visible to other cells of the 
immune system, which then destroyed them. As a consequence, 
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the number of malignant B-lymphocytes went 
down radically. However, the CD 20 antigen was 
present on all B-lymphocytes, so 80 percent of 
the healthy B-cells were wiped out, too. �e 
therapy worked, though, because CD 20 was not 
present on stem cells, which grow into mature 
lymphocytes: the population of healthy cells 
recovered a�er the end of the therapy.27

Finding the Mab was only the �rst step. 
Like Genentech for the HER2/neu antibody, the 
IDEC scientists had to engineer a system that 
allowed them to mass-produce their Mab in cell 
culture. To turn it into a drug, the IDEC team 
decided to take a slightly di�erent route than 
Genentech with trastuzumab. �ey re-engineered 
it as a chimeric antibody: the variable arms of 
the Y-shaped antibody molecule were murine 

(that is, from the mouse) and the constant region, the stem of the 
Y, was human. In 1992, they submitted an investigational new 
drug application (IND), and in 1993 they started �rst Phase I 
trials. �e trial results were extremely encouraging, but IDEC were 
running out of money. In 1995, Genentech reversed an earlier 
decision and entered into an alliance with IDEC. Genentech, by 
then, had already started trials for Herceptin. �e company took 
on a role in the collaboration with IDEC that was similar to that 
played by Roche in the collaboration with Genentech 15 years 
earlier: as senior partner they provided not only funds but also 
the expertise necessary for regulatory approval and marketing. 
In exchange, Genentech was granted co-marketing rights in the 
US. Genentech’s senior partner Roche would market the drug 
outside the US, except in Japan, where these rights had already 
been assigned to another company, Zenyaku Kogyo. Results in 
the next round of Phase II trials were again positive. �e antibody 
caused tumour shrinkage of more than 50 percent in about half 
of the patients.28 �e FDA application was submitted in February 
1997, and approval granted in November. As Marks points out, 
rituximab was not the �rst therapeutic Mab, and not the �rst that 
was approved for the treatment of cancer, but it was the �rst that 
was granted FDA approval.

Six months a�er the FDA approval of rituximab, in May 1998, 
results from the initial two Phase III trials of Herceptin for the 
treatment of aggressive metastatic breast cancer were released at 
the American Society of Clinical Oncology (ASCO) meeting in Los 

27 ‘Raffinierte Schachzüge’, Roche Magazin, 
April 1998. BU.0.2 – 202498, RHA.

28 ‘Raffinierte Schachzüge’; P. McLaughlin 
et al., ‘Clinical Status and Optimal Use of 
Rituximab for B-Cell Lymphomas’, Oncology 
12, no. 12 (1998): 1763–69; discussion 
1769–1770, 1775–1777; P. McLaughlin et al., 
‘Rituximab Chimeric Anti-CD20 Monoclonal 
Antibody Therapy for Relapsed Indolent 
Lymphoma: Half of Patients Respond to a 
Four-Dose Treatment Program’, Journal of 
Clinical Oncology 16, no. 8 (1998): 2825–33.
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Angeles. �ese results indicated that Herceptin, with or without 
chemotherapy, was an e�ective treatment. �e trials compared 
the e�ect of a combination of Herceptin and chemotherapy with 
chemotherapy alone in 469 women with breast tumours that 
were shown to overproduce the HER2/neu antigen. Tumours 
disappeared or halved in size in 49% of the patients treated with 
Herceptin and chemotherapy, compared to 32% of those treated 
with chemotherapy alone.29 �e FDA approved trastuzumab for the 
treatment of metastatic breast cancer in patients that tested positive 
for HER2/neu in November 1998, one year a�er rituximab. �e 
European Medicines Agency followed suit in 2000.30 Following the 
publication of the results of a large, international Phase III study, 
HERA (Herceptin Adjuvant) in 2005, which demonstrated that the 
drug signi�cantly increased the chance of survival and reduced the 
risk of the cancer coming back, Herceptin was approved in Europe 
for the treatment of early-stage HER2-positive breast cancer in 
2006.31

43. Avastin: attacking angiogenesis

Avastin (bevacizumab), like Herceptin, was a product of the 
exceptionally productive research culture at Genentech. It was 
conceived by Napoleone Ferrara, a molecular biologist born in 
Catania, Sicily. Interested in science, Ferrara had gone to medical 
school in his home town at the University of Catania. His interest 
in research was triggered by a professor of Pharmacology, Umberto 
Scapagnini, who had spent time at UCSF as a post-doc and got 
Ferrara excited about neurotransmitters and the pituitary portal 
system. Following his clinical training, Ferrara also went to UCSF, 
to work with Richard Weiner in neuroendocrinology, on the 
pituitary gland. While experimenting, as he put it in an interview, 
he ‘kind of stumbled across these cells’, folliculostellate cells, which 
behaved in peculiar ways.32 Trying to understand what was going 
on, he tested what e�ect the medium in which these follicular 
cells had been growing might have on a di�erent type of cells, 
endothelial cells. He found that the endothelial cells started to 
divide rapidly. �e follicular cells appeared to have released a 
soluble molecule into the medium that triggered growth in other 
cells.33 �is factor was the protein that later would be known as 
vascular endothelial growth factor (VEGF).

In 1985 Ferrara started a clinical residency in obstetrics and 
gynaecology at the Oregon Health and Science University, but 

Napoleone Ferrara 2015

29 D. Robertson, ‘Genentech’s Anticancer 
Mab Expected by November’, Nature 
Biotechnology 16, no. 7 (1998): 615.30
European Medicines Agency, ‘Herceptin 
(Trastuzumab): European Public Assessment 
Report’, 17 September 2018; ‘Herceptin: 
A Revolutionary Drug for Breast Cancer’, 
Hexagon: The Roche Group’s Worldwide 
Newspaper, no. 2 (2000): 16.

31 Martine J. Piccart-Gebhart et al., 
‘Trastuzumab after Adjuvant Chemotherapy 
in HER2-Positive Breast Cancer’, The New 
England Journal of Medicine 353, no. 16 
(2005): 1659–72.

32 Ushma S. Neill, ‘A Conversation with 
Napoleone Ferrara’, The Journal of Clinical 
Investigation 124, no. 8 (2014): 3275–76.

33 N. Ferrara et al., ‘Pituitary Follicular Cells 
Produce Basic Fibroblast Growth Factor’, 
Proceedings of the National Academy of 
Sciences of the United States of America 84, 
no. 16 (1987): 5773–77.
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missed laboratory work. He returned to UCSF 
and embarked on a second research fellowship 
at the Cancer Research Institute in a laboratory 
that focused on growth factors. In 1988 he joined 
Genentech, where, although o�cially working 
on a di�erent project, he had the opportunity to 
return to his folliculostellate cells. With help from 
colleagues, within six months, he was able to 
purify and determine the amino acid sequence of 
a part of the mysterious growth factor. Excitingly, 
there was no match for it in the database of 
known protein sequences.34

So how do we get from a growth factor 
produced by cells in the pituitary gland to 
cancer therapy? �e clue is in the name of the 
molecule: vascular endothelial growth factor. 
We need to make a detour via angiogenesis, 

the process by which new blood vessels sprout and grow from 
existing vessels, the early phase of vasculogenesis. �eories 
around the importance of the formation of new blood vessels 
for tumour growth are as old as modern cancer research and 
date back to the late nineteenth century. More important for 
our story is the research undertaken since World War II, and 
especially the work of Judah Folkman, professor of cell biology 
and paediatric surgery at Harvard University and chair of vascular 
biology at Boston’s Children Hospital, who in 1971 proposed that 
angiogenesis had a key role in tumour growth, mediated by a 
‘tumour angiogenesis factor’. He postulated that angiogenesis 
inhibitors could be developed to treat human cancer, generating 
enthusiasm in the �eld and drawing attention to angiogenesis as 
a possible target for cancer research.35

Folkman’s group managed to grow capillary epithelial cells 
in culture, the cells forming the lining of the new blood vessels. 
�ese cells provided an ideal assay for angiogenic factors. By the 
mid-1980s, several laboratories had isolated and characterised 
molecules that had an e�ect on angiogenesis. (�is was the time 
when Jürgen Drews appointed the Roche Oncology Task Force, 
and angiogenesis was among the targets identi�ed in their report.) 
In 1989, Ferrara’s group at Genentech managed to clone and 
determine the sequence of VEGF. It turned out that VEGF was 
identical with a molecule that a group at Beth Israel Hospital in 
Boston had christened VPF: vascular permeability factor. In the 
following year, sequences of several other molecules were reported 

34 Neill, ‘A Conversation with Napoleone 
Ferrara’.

35 Vicki Brower, ‘Judah Folkman Leaves 
Expanding Legacy’, Journal of the National 
Cancer Institute 100, no. 6 (2008): 380–81; 
Napoleone Ferrara, ‘VEGF and the Quest 
for Tumour Angiogenesis Factors’, Nature 
Reviews. Cancer 2, no. 10 (2002): 795–803.
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that turned out to be VEGF/VPF, which appeared to be highly 
conserved across species (rat and human VEGF were 85 percent 
identical). Further research undertaken in laboratories all over the 
world clari�ed how VEGF worked and that it was indeed involved 
in regulating blood vessel growth. 

The Genentech group went on to develop monoclonal 
antibodies against VEGF to test if any of these prevented tumour 
growth. In 1993 they reported that injections of a mouse antibody 
against human VEGF in laboratory mice had striking e�ects on 
the growth of human cancers transplanted into these mice, while 
the antibody had no e�ect on tumour cells grown in petri dishes.36

�e group then re-engineered the anti-VEGF antibodies.37 �e 
humanised and recombinantly produced monoclonal antibodies 
were tested in clinical trials. Phase I studies with bevacizumab 
started in 1997, revealing no serious toxicities but, perhaps not 
surprisingly, side e�ects that a�ected the cardiovascular system. In 
2003, results of Phase II studies showed that bevacizumab helped 
patients su�ering from metastatic prostate cancer, metastatic 
breast cancer, and metastatic kidney cancer. Combined with 5-FU 
and leucovorin, another chemotherapy drug, it prolonged the 
survival of patients su�ering from metastatic colorectal (bowel) 
cancer. �e idea behind this combination, which appeared to 
work, was to target cancer cells and blood vessel growth at the 
same time.38 �e FDA approved bevacizumab for the treatment 
of advanced bowel cancer in February 2004.39 �e European 
Medicines Agency followed suit in January 2005.40

44. ‘Winning for the Future’: towards 
personalised healthcare

When the BioOncology initiative was getting under way in 1998, 
the time had also come for another change in Roche’s senior 
management. Fritz Gerber retired as CEO a�er two decades 
in the o�ce. His successor was Franz Humer, who in 2001 also 
succeeded him as Chairman.41 Humer held a Doctorate in Law 
from the University of Innsbruck and had joined Roche from 
Glaxo as Head of Pharmaceuticals. Humer declared that his motto 
for Roche was ‘Winning for the Future’, but he had to lead Roche 
through a tough few years. In May 2001, the company announced 
that it would eliminate 3,000 jobs over the following two to three 
years to cut costs, most of them in Nutley.42 In Humer’s second 
year as chairman, in 2002 Roche made losses of 2.9 billion dollars, 

36 K. J. Kim et al., ‘Inhibition of Vascular 
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37 Napoleone Ferrara and Anthony P. Adamis, 
‘Ten Years of Anti-Vascular Endothelial 
Growth Factor Therapy’, Nature Reviews. 
Drug Discovery 15, no. 6 (2016): 385–403.

38 Ferrara and Adamis.
39 Andrew Pollack, ‘F.D.A. Approves Cancer 

Drug From Genentech’, New York Times, 27 
February 2004.

40 ‘Roche Colon Cancer Drug Gains Approval in 
Europe’, New York Times, 15 January 2005.

41 Franz B. Humer, ‘Let’s Go for It: With Clear 
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Worldwide Newspaper, no. 1 (March 1998): 
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the greatest annual de�cit in the company’s history, blamed on 
investment losses and a multimillion dollar �ne imposed for price 
�xing in the vitamin market in the 1990s.43 Humer sold Roche’s 
vitamin division in 2002, along with the �ne chemicals division. 
In the same year, Genentech was ordered to pay 500 million 
Dollars in damages to the City of Hope National Medical Center 
on the outskirts of Los Angeles for failing to pay the hospital the 
appropriate amount of royalties for patents granted to Genentech 
for joint projects two decades earlier.44 In 2003, Roche came 
under public attack from AIDS activists for the price the �rm 
was charging for an innovative new AIDS drug developed jointly 
with the biotech �rm Trimeris: Fuzeon (enfuvirtide).45 �is set 
the scene for similar controversies over the prices charged for new 
cancer drugs. Roche justi�ed Fuzeon’s high price both with the 
complex production process and the research that had gone into 
developing the biological molecule into a drug.

All these di�culties led to speculations as to whether Roche 
now was a takeover candidate. A potential suitor was the local 
neighbour, Novartis, who purchased large numbers of Roche 
stocks. However, Roche bounced back quickly, with a net income 
of nearly 2.5 billion dollars in 2003. Roche’s independence was 
saved as the majority of stocks were still owned by members of the 
Oeri and Ho�mann families, who were keen to keep the company 
independent.

Another new appointment to Roche’s top management in 1998 
was Jonathan Knowles as Head of Global Pharmaceutical Research. 
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Knowles had studied molecular genetics at the University of East 
Anglia and held a PhD from Edinburgh. �e British molecular 
biologist was a professor at VTT Helsinki before he was appointed 
Director of the Glaxo Institute for Molecular Biology in Geneva in 
1989. As Glaxo’s Head of Research in Europe from 1995, he was 
involved in managing the company’s merger with Wellcome. Asked 
how he would go about steering Roche’s research, Knowles said 
that he was sceptical about fetishizing pure research, stressing that 
‘we must not lose sight of the ultimate goal of all our e�orts – the 
development of a successful medicine’. Who did ultimately bene�t 
from ‘pie-in-the-sky science’, he asked. Research was getting more 
and more practice-oriented, and that was good. With regard to 
both quality and quantity of publications, industrial scientists 
were competing with academics at top universities. However, a 
pharmaceutical company only thrived �nancially if its products 

46 ‘We Should All Feel Passionate about Our 
Work’, Hexagon, no. 2 (August 1998): 5–6.

Fuzeon

Jonathan Knowles

bene�ted people, and it was important that all researchers kept 
the ultimate goal of producing successful medicines in mind.46

�e third new member of Roche’s top management who 
shaped the direction of travel in oncology in the early 2000s 
was William Burns, promoted to the role of Head of Pharma 
International Operations in 2000. Burns had studied Business at 
the University of Strathclyde and started his career at Beecham 
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Pharmaceuticals until, in 1986, he joined Roche Welwyn. In 1991 
he moved to Basel as Head of Global Business Development and 
Strategic Marketing.

The direction of travel was ‘personalised healthcare’, 
involving a closer integration of diagnostics and therapy at 
every level. Roche acquired the Corange Group in 1998. Some 
parts of the group were immediately sold, including DePuy, the 
American makers of medical devices. But Roche kept Boehringer 
Mannheim, the number two world-wide in diagnostics, and 
merged the newly acquired Boehringer operations with its 
own diagnostics division, to build the largest diagnostics 
company in the world.47 The CEO of Roche Diagnostics, Heino 
von Prondzynski declared that integration of therapy and 
diagnostics was a key to further growth.48 In the new world 
of personalised medicine, medicines selective for molecular 
features that only presented in some patients (or some tumours), 
were complemented by sensitive diagnostic tests identifying the 
patients who would benefit.49 The next CEO of Diagnostics, 
following von Prondzynski in 2006 was Severin Schwan, who 

47 ‘Building the Premier Diagnostics Company’, 
Hexagon, no. 2 (August 1998): 7; ‘Out in 
Front through Innovation’, Hexagon, no. 1 
(March 1998): 6–7.

48 Heino von Prondzynski, ‘Influencing the 
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would succeed Humer as CEO of the Roche Group in 2008. 
Schwan would further strengthen the focus on diagnostics and 
personalised healthcare. The importance that Roche placed 
on diagnostics was unique in the pharmaceutical industry and 
not always popular with analysts, as growth was slower than in 
pharmaceuticals.50 However, in the context of Roche’s emerging 
oncology portfolio, the strategy made sense.

Herceptin had illustrated the usefulness of integrating 
diagnostics and therapeutic research. Along with Herceptin, the 
FDA had also approved a so-called companion test, developed 
by the Danish �rm DakoCytomation, which showed if tumours 
overexpressed HER2. More importantly, the two were approved as 
a ‘combination product’. Herceptin could only be prescribed if and 
when a patient had been tested and the result was positive. �ere 
was a lesson in this: ideally, when you were developing one of the 
new agents aiming at molecular targets, you wanted to develop 
the test at the same time. A more recent Roche oncology drug 
shows how this worked: Zelboraf (vemurafenib) was co-developed 
with Plexxikon, a small, Berkeley-based �rm specialising on 

50 Jeanne Whalen, ‘Roche’s Pick for Next CEO 
Marks a Bet on Diagnostics; Schwan to 
Push Technology That Spots, Tracks Disease; 
First-Half Net Grew 24%’, Wall Street Journal, 
20 July 2007.
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drug discovery through structural biology. It is 
a targeted therapy for the treatment of advanced 
melanoma in patients with tumours that test 
positive for a speci�c mutation of an oncogene 
that has been an object of intense attention since 
the early 1980s: BRAF.51 �e protein encoded 
by BRAF is B-Raf, a protein kinase, an enzyme 
involved in the communication of growth signals 
in the cell, and vemurafenib is a small molecule 
that binds to the mutated form of the enzyme and 
stops it from functioning. Zelboraf was approved 
by the FDA in the US in 2011, but crucially: 
along with a companion test, also developed by 
Roche, for detecting the mutation.52 In the EU 
the drug was approved in 2012.53

45. Cancer diagnostics: from CEA 
to COBAS

Diagnostics was by no means a new field of 
activity for Roche. As early as 1969, Alfred 

Pletscher, then Head of Research, told members of the RRMG 
that new research groups both at Basel and Nutley were working 
on diagnostics and bioengineering.54 In cancer diagnostics, the 
CEA (Carcinoembryonic Antigen) test was a focus of Roche 
diagnostic research since the early 1970s. It was an immunological 
blood test, designed to detect cancers with entodermal origin, 
in the bowel, lungs, stomach or pancreas (the entoderm is the 
inner germ layer in the very early phase of embryo development, 
which later develops into the lining of the digestive and respiratory 
systems). It was a traditional immunological test, employing not 
monoclonal antibodies but an antiserum. Raised CEA levels in the 
blood suggested the presence of cancer.55

By 1974, Roche was able to introduce a commercial CEA 
test. Roche Nutley was o�ering the test as a service through Roche 
Clinical Laboratories as well as sending out kits.56 Roche Clinical 
Laboratories in 1975 ranked as one of the largest providers 
of diagnostics in the US. �e network consisted of a central 
laboratory in Raritan, a satellite lab in Rochester, New York, two 
state laboratories in New Jersey, six outpatient collection stations, 
and 46 courier service routes. Almost four million tests were 
carried out per year, and about 300 di�erent types of test were 

Zelboraf (vemurafenib) for the 
treatment of BRAF V600E mutation-
positive, inoperable or metastatic 
melanoma (skin cancer)
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Cobas Core 1990s Cobas Amplicor 1992

Cobas Integra 400

on o�er.57 Roche was then the only source for 
the CEA test. Research continued to improve 
speci�city, reliability and stability. Researchers 
were also trying to gain a better knowledge about 
normal CEA levels in the population. By 1983, 
studies with a monoclonal CEA antibody were 
under way, and there was a proposal to prepare 
conjugates with 5-FU.58 In 1984, sales of tumour 
marker tests were worth 26.2 million dollars; 81 
percent of this (21.1 million dollars) was CEA. 
Roche by then held about 18 percent of the US 
market for CEA testing, which was dominated by 
Abbott. In Europe the CEA test had only recently 
been fully appreciated.59

In 1991 Roche acquired the rights to the Polymerase Chain 
Reaction (PCR) from Cetus, a Californian biotech company. PCR 
was a revolutionary technology for the fast and selective replication 
of DNA sequences, which allowed the ampli�cation of information 
in DNA tests, making sequences detectable that were present 
only in very low concentrations. In 1995 and 1996, the company 
launched a series of new electronic analysers for a range of tests 
under the Cobas brand, which had been established in 1978: the 
Cobas Integra for clinical chemistry and immunochemistry tests, 
the Cobas Core II for immunochemistry, and the Cobas Amplicor 
for PCR-based tests.60 Investments in diagnostic research from 
then on went predominantly into developing tests for the Cobas 
system. �e companion test for vemurafenib (Zelboraf), designed 
to detect the BRAF V600 mutation in tumour tissue and approved 
by the FDA in 2011, was a PCR-based test for the Cobas system. 
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Using the PCR method, the small amounts of relevant DNA in 
biopsy samples were ampli�ed in the COBAS machine. If the 
test con�rmed the presence of the mutation, the patient could 
be treated with vemurafenib.

46. Price and value

In 2002, the National Institute for Health and Clinical Excellence 
(NICE), a UK agency that evaluated medical interventions and 
translated research evidence into clinical guidance, published a 
positive appraisal of Herceptin and Mab�era.61 NICE by this time 
had come under considerable pressure from patient organisations 
and cancer charities who felt that the appraisal process was taking 
too long. When the �rst results of the HERA study were published 
in 2005, suggesting that Herceptin prolonged the lives of women 
su�ering from early breast cancer, there was an immediate surge 
of demand and new pressure on NICE. An editorial in the New 
England Journal of Medicine described the HERA results as 
‘simply stunning’ and ‘revolutionary’, suggesting that Herceptin 
may be a cure for breast cancer (which it is not). �e drug was 
not yet licensed for early breast cancer and Roche had not even 
submitted data for its approval. Nevertheless, some countries, 
such as France, gave in to the pressure and bypassed their o�cial 
approval procedures, making Herceptin available. �e prestigious 
British journal �e Lancet warned against such haste, pointing out 
that the studies published so far only represented interim e�cacy 
analyses. �e journal also reminded readers that Herceptin did 
indeed have side e�ects. Agencies such as NICE, the Lancet
warned, had to be allowed to make their decisions carefully, 
considering the totality of available evidence, free from political 
or media pressure.62

Herceptin and Avastin were at the centre of heated public 
debates over the value of lives prolonged by treatment with the 
new drugs, a�ordability, and the prices that publicly funded 
health services were willing to pay. Even with the positive NICE 
appraisal, there was no guarantee that British patients, for example, 
would be given access to Herceptin. Treatment with Herceptin 
cost trusts in the British National Health Service (NHS) about 
20,000 pounds per year per patient, and not all trusts made the 
drug available (against the advice of the UK Health Secretary, 
who had recommended that trusts should not refuse to fund 
Herceptin solely on grounds of cost). In February 2006, a 54-year 
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old woman, Ann Marie Rogers was the �rst breast cancer patient 
to bring a legal challenge in London’s High Court a�er her local 
health authority refused to pay for the treatment even though the 
physician treating her had prescribed Herceptin. �is situation 
was described as a ‘post code lottery’: in some post codes, the 
NHS covered the drug, in others it did not. Rogers had taken 
out a private loan to pay for the �rst two treatments. She felt, she 
said, ‘as if I have been given a punishment, like a death sentence 
… With my prognosis, waiting for the cancer to return is like 
waiting on death row’.63 Rogers’ health authority was ultimately 
forced to pay up, but Roche was attacked for the ways in which 
PR �rms employed by the company approached patient groups, 
breast cancer charities and individual celebrity patients in order 
to publicise Herceptin in markets, such as the UK and other 
European countries, where, unlike in the US, direct-to-consumer 
advertising was banned.64

Both doctors and patients were excited about Avastin when 
it was approved by the FDA in 2004. In its �rst year of sales Avastin 

63 Nikki Tait, ‘Breast Cancer Victim Starts Court 
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Times, 7 February 2006.
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contributed 1.1 billion dollars to Genentech’s balance sheet. 
Analysts predicted that this could increase to 7 billion dollars by 
2009. However, there was anxiety about the price of the treatment: 
in the US this went up to 100,000 dollars per year: 8,800 per 
month for lung cancer, 7,700 for breast cancer, and 4,400 for colon 
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cancer, based on the di�erent dosages administered in clinical 
trials for these conditions. �ese were prices comparable to those 
usually charged for drugs designed to treat rare diseases, but 
bowel, breast and lung cancer were anything but rare. While the 
FDA had not yet o�cially approved Avastin for these indications, 
nothing could stop doctors from prescribing o� label. However, 
Genentech could not advertise Avastin for these indications 
without explict FDA approval, and insurers could refuse to cover 
the treatment. In practice the insurers decided on a case by case 
basis. Even with insurance, given co-payments of 10 to 20 percent 
of the costs, many patients struggled. Other Genentech drugs were 
not much cheaper: Herceptin cost a little under 40,000 dollars 
per year (3,195 per month), and Tarceva, a small molecule drug 
developed by Genentech jointly with OSI Pharmaceuticals for 
the treatment of lung cancer cost about 30,000 dollars (2,679 per 
month). Bristol-Myers’ colon cancer drug Erbitux was the most 
expensive, with costs of nearly 120,000 dollars per year (9,600 
per month).65 For comparison, in 1992 Bristol-Myers Squibb had 
faced public protests against its plans to charge 4,000 dollars per 
year for Taxol.66

Pharmaceutical companies have usually explained high 
prices with the need to recover investments in research and 
development, which justified exceptionally high drug costs 
for conditions that only a�ected small patient populations. Of 
course, drug sales had to also cover the ongoing costs of R&D 
for the next generation of medicines. Genentech’s President of 
Product Development, Dr Susan Desmond-Hellman explained 
that Avastin’s price was based on ‘the value of innovation, and the 
value of new therapies.’67 Genentech had programmes in place, 
she said, to support patients, and over the previous year had 
contributed 21 million dollars to charities helping patients with 
their co-payments. William Burns put it more bluntly. We could 
a�ord it: ‘As we look at Avastin and Herceptin pricing, right now 
the health economics hold up, and therefore I don’t see any reason 
to be touching them.’68 Some critics argued that the extra life time 
gained, only a few months in the original trials involving patients 
su�ering from advanced cancer, did not justify the expense. �e 
market success, however, appeared to prove these critics wrong: 
people seemed to feel di�erently. Letters to newspapers showed 
that, even if the odds did not look great on paper, most patients and 
their relatives would do anything within their means, and pay any 
price they were able to a�ord, to overcome cancer, thus vindicating 
observations of the 1985 Oncology Task Force that this market 

65 Alex Berenson, ‘A Cancer Drug Shows 
Promise, At a Price That Many Can’t Pay’, 
New York Times, 15 February 2006. The 
article cites Genentech as source for the 
figures.

66 Alex Berenson, ‘A Cancer Drug’s Big Price 
Rise Disturbs Doctors and Patients’, New 
York Times, 12 March 2006.

67 Berenson, ‘A Cancer Drug Shows Promise, 
At a Price That Many Can’t Pay’.

68 Ibid.



147

was not very price sensitive.69 Also, there was an expectation that 
when prescribed earlier, the survival time gained was longer. If 
there was no cure, perhaps cancer could be turned into a chronic 
disease, like diabetes, that could be managed? But this still had to 
be demonstrated in ongoing, large-scale clinical trials.

47. Chemotherapy plus: the future of small 
molecule drugs

Erlotinib (Tarceva) was an epidermal growth factor (EGRF) 
inhibitor taken orally as a tablet, originally developed by OSI 
Pharmaceuticals (formerly Oncogene Science, a biotech company 
not based in California or the Boston area but in Long Island) 
jointly with P�zer as senior partner. �e drug was expected to be 
e�ective in the treatment of many solid cancers, and especially 
lung cancer. Lung cancer was still the cause of most cancer deaths 
world-wide, and di�cult to treat e�ectively in most cases, so 
this was very welcome.70 Erlotinib selectively docked to the 
EGRF receptor, blocking the receptor so that the growth factor 
could not bind, and this slowed down the growth of tumours. 
Following P�zer’s merger with Warner-Lambert in 2000, OSI 
gained all marketing and development rights to the drug. In 2001 
OSI announced that it had signed an agreement with Roche and 
Genentech.71 Tarceva was not the �rst EGRF inhibitor on the 
market when it was granted FDA approval for the treatment of 
advanced lung cancer in November 2004. But it had been shown 
in trials to prolong the lives of 10 to 15 percent of patients, while 
the competitors, ImClone’s Erbitux and AstraZeneca’s Iressa had 
only been demonstrated to shrink tumours. �ere was hope that 
Tarceva was going to be useful as adjuvant therapy, taken a�er 
surgery, potentially leading to a change in the routine treatment 
of lung cancer. But EGRF played a role in other cancers, too, so 
the drug was expected to be approved and prescribed for other 
indications in the future. Sales of Tarceva were given a great boost 
in 2005, when the FDA considered withdrawing approval for 
one of the competitor drugs, Iressa. AstraZeneca had received 
fast-track approval for Iressa in 2003 based on preliminary data, 
but the drug failed to prolong patients’ lives in a large trial, 
raising questions about the reliability of the FDA’s accelerated 
procedure.72 Following protests from doctors and patients, the 
FDA did not insist on withdrawal but restricted access to Iressa 
to existing users and patients enrolled in clinical trials.73
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Erlotinib was not a monoclonal antibody, but a small 
molecule (as indicated by the ‘ib’ ending of the generic name, 
as opposed to ‘mab’ for monoclonal antibody drugs). It was 
comparable to traditional chemotherapy drugs in that its 
production did not involve biotechnology. What distinguished 
Tarceva and other modern small molecule cancer drugs from 
traditional chemotherapy agents? Mostly their history: they were 
developed drawing on decades of research on the molecular 
biology of cancer. Also, Tarceva did not have the gruesome side 
e�ects of early chemotherapy drugs. 

One of the ironies of the transformation of the oncology 
market, however, was the e�ect this had on old chemotherapy 
drugs. �e fate of nitrogen mustard (sold as Mustargen), the 
grandmother of all chemotherapy drugs, illustrates the downside 
of the price elasticity in this market. In 2006, the New York 
Times reported the case of Joyce Ellis, a 64-year old retiree in 
Georgetown, Texas, who was being treated for a rare form of 
lymphoma. On 3 February her prescription for a two-week supply 
of nitrogen mustard cost her 77 dollars. When she returned to 
the pharmacy for a re�ll on 17 February, she was charged 548 
dollars, following an increase in the wholesale price of the drug. 
What had happened? Merck had sold the rights to manufacture 
and market Mustargen to Ovation Pharmaceuticals, a company 
that specialised on buying low-selling medicines from big 
pharmaceutical companies. Merck was still producing the drug 
for Ovation, but Ovation executives claimed they needed the 
funds to invest in manufacturing facilities. �e price hike met 
with strong criticism from doctors, who said that it illustrated 
two trends in the pharmaceutical industry: ‘the soaring price of 
cancer medicines, and the tendency to have little relation to the 
cost of developing or making the drugs’.74

Questions of price and value of cancer drugs pose a dilemma 
that will continue to occupy doctors, patients and policy makers, 
as well as pharmaceutical companies. While few doubted that 
Avastin, Herceptin, Mab�era and Tarceva were superb drugs, 
based on years of research and development, many feared that if 
the trend to ever more expensive new drugs continued, the cost 
of cancer treatment would become unsustainable, for individual 
patients in the US and other countries where patients and their 
families had to cover some or all of the treatment costs, as well as 
for insurance-based or state-funded health systems elsewhere. On 
the one hand, we want and need innovative, ever more speci�c 
cancer treatments, which prolong lives as much as possible with 
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minimal side e�ects. On the other hand we struggle, collectively 
and individually, to pay for the costs of developing these drugs. As 
the example of capecitabine (Xeloda) shows, another innovative 
Roche drug whose patent has expired fairly recently and that is 
available from generics producers today, these drugs become a 
lot more a�ordable at this next stage of their life cycles.75 �e �rst 
generic version of capecitabine was approved by the FDA in 2013. 
However, even generics producers charge American patients 
more than patients elsewhere. �e generics manufacturer Cipla 
sells capecitabine for more than �ve dollars per tablet in the US, 
while patients in India pay only 20 cents per tablet. Interestingly, 
in the case of trastuzumab, the availability of cheaper generic 
versions (so-called biosimilars) has helped Roche to persuade 
the National Institute for Health and Care Excellence (NICE) 
in Britain to recommend Roche’s next generation monoclonal 
antibody drug, pertuzumab (Perjeta) in combination with 
trastuzumab and chemotherapy for the adjuvant treatment of 
early breast cancer under the National Health Service, as the 
biosimilar makes the combination treatment signi�cantly more 
a�ordable.

Slide from a presentation to analysts at the 2014 ASCO conference  
in Chicago

75 Jeremy A. Greene, Generic: The Unbranding 
of Modern Medicine (Baltimore: Johns 
Hopkins University Press, 2014).
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48. Roche and cancer in the twenty-first 
century

In this book we have covered some major transformations in 
cancer therapy. In the 1950s and 1960s, cancer drugs like 5-FU and 
Natulan were chemicals like other medicines produced by Roche, 
and they did not cost more than other specialties. �e contribution 
of cancer medicines to Roche’s overall sales income was negligible 
until the 1980s. But Roche had made enormous investments into 
biotechnology and molecular biology, which started to bear fruit, 
albeit slowly, in the 1990s. Roche’s oncology portfolio by the early 
2000s was unique, thanks to the collaboration with Genentech that 
had started with interferon. No other pharmaceutical company 
o�ered a portfolio of cancer drugs as innovative and e�ective. 
In 2004, oncology sales totalled 7.7 billion Swiss francs and 
accounted for over a third of the Roche Group’s total prescription 
drug sales.76 Roche was consolidating its global lead in the �eld. 76 Roche Annual Report 2004.

Franz Humer and Severin Schwan 
2008
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�ree years later, in 2007, oncology accounted for half of Roche’s 
sales income in pharmaceuticals.77

In 2008, Severin Schwan succeeded Franz Humer as CEO 
of the Roche Group. Schwan had studied Law at the University 
of Innsbruck and had been with Roche for 14 years when he was 
appointed CEO of the Diagnostics division in 2006.78 Humer 
remained Chairman of the Board until 2014. 2008 was an 
important year also in other regards: on 22 July Roche offered to 
pay 43.7 billion dollars to purchase the 44 percent of Genentech 
that it did not own already.79 Genentech’s directors rebuffed 
Roche and rejected the offer, demanding an amount much 
higher than Roche was willing to pay.80 In January 2009, Roche’s 
offer turned hostile. In March, an agreement was reached. Roche 
was going to acquire full ownership of Genentech for 46.8 billion 
dollars.81 Arthur Levinson would remain Genentech’s chairman, 
and Pascal Soriot, Roche’s Head of Commercial Operations 
would move to San Francisco as Genentech’s CEO, from where 
he would lead all pharmaceutical activities in the US. The Roche 
management emphasised that they were going to do all they 
could to maintain Genentech’s uniquely successful research 
culture and, importantly, its top researchers. The success of the 
combined company in the decade that followed appears to have 
vindicated this strategy.

While the ultimate cure for cancer remains elusive, the gains 
in survival time a�er diagnosis for many cancers have proven 
those right who argued that investments in the development of 
oncology drugs were worth it. For some cancers and some patients, 
survival times are so long now that it may make sense to speak 
of cure rather than remission. For others, however, treatment 
outcomes remain disappointing. Also, the late consequences 
of cancer treatment and long-term side e�ects o�en turn the 
experience of survival into one that is comparable to a chronic 
condition which needs life-long management, more than a cure 
that allows patients to move on and forget.82

At the beginning of this book we talked about Paul Ehrlich 
and his idea of the magic bullet against disease. Interestingly, 
one of the most recent Roche cancer drugs, ado-trastuzumab 
emtansine, marketed as Kadcyla and approved for the treatment 
of metastatic breast cancer since February 2013, and for early 
stage breast cancer since May 2019, comes perhaps closer to Paul 
Ehrlich’s vision of a magic bullet than any of the earlier drugs. 
It is an antibody-drug conjugate, made up of trastuzumab, 
the monoclonal antibody in Herceptin, with a cytotoxic drug 

77 Roche Annual Report 2007.
78 ‘Schwan’s Way: At the Beginning of March, 

Diagnostics CEO Severin Schwan Takes over 
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(2008): 5.

79 Andrew Pollack, ‘Roche Offers $43.7 Billion 
For Shares in Genentech It Does Not Already 
Own’, New York Times, 22 July 2008; ‘Taking 
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Hexagon Special Insert – The Roche Offer 
for Genentech, no. 3 (2008): 1–2.

80 Andrew Pollack, ‘Rebuffed by Genentech, 
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Times, 14 August 2008; Andrew Pollack, 
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New York Times, 10 February 2009.

81 Andrew Pollack, ‘Roche Hopes to Keep 
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York Times, 13 March 2009.

82 Emily Abel and Saskia Subramanian, After 
the Cure: The Untold Stories of Breast 
Cancer Survivors (New York: NYU Press, 
2008); Robert A. Aronowitz, Risky Medicine: 
Our Quest to Cure Fear and Uncertainty 
(Chicago: The University of Chicago 
Press, 2015); Emm Barnes Johnstone, The 
Changing Faces of Childhood Cancer: 
Clinical and Cultural Visions since 1940 
(Basingstoke: Palgrave Macmillan, 2015).
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chemically attached to it, emtansine (also known as DM1). �e 
antibody delivers the drug directly to cells displaying the HER2 
receptor. But however exciting the concept, survival time and 
side e�ects are what ultimately matter: a cost-bene�t calculation. 
�e trastuzumab emtansine conjugate has side e�ects, as does 
trastuzumab on its own: it binds speci�cally to a receptor which 
is particularly common in tumours of patients testing positive 
for the HER2/neu gene. But the receptor is also present in many 
other cells. On the one hand, compared to Herceptin in a large-
scale clinical trial funded by Roche and Genentech, the conjugate 
signi�cantly increased the likelihood that patients survived and 
that the cancer did not return. On the other hand, patients treated 
with the conjugate were also more likely to su�er adverse e�ects.83

�ere are costs and there are bene�ts, and human nature is to 
hope that the bene�ts outweigh the costs.

83 Gunter von Minckwitz et al., ‘Trastuzumab 
Emtansine for Residual Invasive HER2-
Positive Breast Cancer’, The New England 
Journal of Medicine 380, no. 7 (2019): 
617–28.
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