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This book is dedicated to my first wife, S. Ramsdell (Ramsey) Lee, whose
fight against cancer opened my eyes and inspired me to become involved in
cancer research and medical device development.






Preface

Born in the 1940s, I was one of those inexhaustibly curious children who built
a laboratory in the basement of his house in Detroit. Complete with natural
gas Bunsen burners, stocked with nitric and sulfuric acid and magnesium
ribbon, I “experimented” with real chemistry. One very cold winter day, after
filling the house with billows of chlorine gas (which forced the whole family
to evacuate), my parents decided it was time for me to graduate to electronics
and motors. My biggest accomplishment was building a motor that powered
nothing!

My first exposure to organized scientific development was in 1966, when I
spent the first of several summers as an “accelerator technician™ at the Law-
rence Berkeley Radiation Laboratory, known then as the “Rad Lab.” It was
invention and building experiments on a super grand scale and I was in my
element there, surrounded by cyclotrons and other magnificent gadgets. In
1969, after graduating from MIT, I was hired by Arthur D. Little (ADL), a
large, prestigious, technology-based consulting firm, where I was ultimately
in charge of the technology and product development business. During my
25-year tenure there, we built from scratch nearly everything we worked on
(cryogenics, combustion, appliances, space hardware, etc.). A principal inves-
tigator at ADL (called a case leader) would begin a project with a lab contain-
ing only empty benches. He or she would then proceed to design and build
the equipment that would be the basis of the team’s research. At ADL, I learned
how to conduct research from Dr. Robert Wilson, Dr. Joan Berkowitz, and Dr.
Peter Glazer. Bob taught me how to think through the design of an experiment,
constantly refining the understanding until it could be summarized on a single
page or, better yet, a 3 x 5 card. Joan taught me the ins and outs of chemistry,
which I seemed to have missed in my years at MIT. Peter Glazer showed me
how to reach out beyond the obvious and conventional and have the courage
to propose new technologies; then relentlessly pursue funding until you are
able to build what you dream.
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After losing my first wife to cancer in 2003, I made a career change from
hardware development to cancer research. I had the good fortune to know
Professor Tyler Jacks, the director of the MIT Center for Cancer Research
(CCR). Taking a huge risk, Tyler invited me to meet others at CCR. I had
further luck in that MIT was in the process of formulating the concept of
integrating engineering and biology in an effort to address cancer at what is
now the MIT Koch Institute for Integrative Cancer Research. In 2008, I was
offered a role at CCR to help with the interface between biologists, engineers,
and clinicians. As I was being introduced around CCR, I was struck by the
uniformity of the different biology labs. Of course, at that point, I did not
understand enough of the subtleties to see the differences. I could not help
comparing my then simplified view of biological research with my exposure
to research in high-energy physics and so forth, where the key research tools
were always purposefully built by the team concurrent with the design and
conduct of the research. This seemed like a dramatic difference, and I ques-
tioned its importance. I looked for case studies that explored the integration
of engineering and biology in an effort to accelerate the discovery and found
nothing. I chatted with my friend Dr. Jeffrey Drazen, the editor in chief of the
New England Journal of Medicine, about his observations, and he encouraged
me to do my own primary research. Simultaneously, Phillip A. Sharp was
writing about the convergence of the life sciences, physical sciences, and
engineering. Conversations with him helped shape the theme of the book, and
I was off and running.
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INTRODUCTION






1 An Opportunity for Greater Discovery

For many in the developed world, the word tuberculosis conjures an image of
a long-vanquished infectious disease akin perhaps to polio or smallpox. Tuber-
culosis is a disease that is beyond the memory of most, but it is a term loaded
with potent symbols of its past virulence: sickened patients coughing up
bloody sputum in sanatoriums.

The suffering caused by tuberculosis has vanished in the modern age, as
have the many sanatoriums (isolated facilities for tuberculosis patients), which
have been converted to historical landmarks or dedicated to other uses. To
people in the United States and other developed nations, the fear produced by
the threat of tuberculosis epidemics is a piece of historical ephemera.

By contrast, in developing nations such as Haiti, tuberculosis is a current
and all too real fear. Prior to the earthquake in 2010, tuberculosis was second
only to HIV/AIDS in terms of the number of deaths caused by infectious
disease. In 2007, nearly 7,000 people in Haiti died of tuberculosis, and more
than 29,000 Haitians developed the disease in 2009. Most of the country’s
infrastructure, which included numerous medical facilities, was destroyed.
This in turn led to a diaspora of patients seeking shelter in numerous densely
packed camps in and around the country’s few cities. Countless others also
left the ravaged population centers to find succor among their hometowns and
villages. Making matters worse, without consistent access to treatment, suf-
ferers likely developed and passed on drug-resistant strains of the disease.

In many ways, the earthquake took Haiti back to a time before modern
health care systems had the tools properly to diagnose, treat, and cure this
disease.

At the beginning of the nineteenth century, tuberculosis, known then as
pulmonary consumption, was an endemic infectious disease. It could only be
identified in its later stages after its most severe symptoms—bloody cough,
night sweats, and extreme fatigue—clearly demonstrated its presence as dis-
tinguished from a number of other communicable diseases.



4 Chapter 1

Medicine of the time simply lacked the tools to diagnose tuberculosis
and the medicines to treat it effectively. This meant that each day was
the equivalent of the tuberculosis diaspora of Haiti. Imagine living at a time
when a simple ride in a horse-drawn carriage across town or to another city
could bring you into contact with an individual whose only symptom is a
persistent cough. As annoying as it may be, it would not be inconsistent to
encounter many people each day with some sort of chronic or acute pulmonary
ailment.

After arriving at your destination, you wish your fellow travelers well and
then walk to work or home to your family and quickly forget the incidents
of your ride and your companions. The only memory of it is captured in the
tuberculosis bacteria you inhaled after your fellow traveler coughed and did
not properly cover his or her mouth.

Over the next few weeks, months, or perhaps longer, the bacteria take up
residence in the tissues of your lungs. In this fertile environment, they grow
and multiply causing at first minor symptoms. Before long, though, you have
developed a persistent cough that begins to produce bloody sputum. You have
unaccountably lost weight, experience night sweats, and are bone tired.

You consult a physician, who, based solely on the report of these symptoms,
diagnoses you with pulmonary consumption. The stethoscope has not yet been
invented, so he does not have the ability to perform even a cursory examination
of your lungs and heart. The notion that it is caused by bacteria is completely
unknown to him. If you mention the coughing companion of your carriage
ride, it would hold little meaning for your physician because he knows little
about how the disease is contracted.

What he can tell you is that there are no effective treatments. If you have
the money, you can seek comfort at a sanatorium, but most likely you return
home to your family. Although some diagnosed with consumption manage to
survive, it is very likely you will soon die. It is also highly likely that your
family and friends, whom you have most certainly infected, will suffer the
same fate.

Half a century later, the fate of the average consumption patient began to
brighten. Working with one of the first compound microscopes sensitive
enough to detect bacteria, Robert Koch identified the bacterium that causes
tuberculosis. About 15 years later, the development of the Crookes tube—the
device that helped identify electrons—led Wilhelm Roentgen to discover
X-rays.

A few years later, X-ray technology was made commercially available to
doctors and hospitals, which allowed doctors to diagnose tuberculosis before
it became florid. This in turn allowed organized medical systems to better



