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Ken garabadian was built like a fireplug. I had a few
inches on him, but his compact physique and firm handshake left
the sound impression that I would fare poorly in a physical con-
test against this former wrestler. I met him because he had a type
of cancer that was absolutely untreatable until just a few years
ago: a highly aggressive and widespread sarcoma, a type of can-
cer that can a±ict muscles, nerves, brain, and bone, as well as fat,
cartilage, and fibrous tissue and in his case involved his gastroin-
testinal tract.

Ken was overweight, but never had health problems until a
single cell mutated and brought on his cancer. He moved quickly
and gracefully and his bright eyes darted around to take in new

surroundings. He regularly walked five miles a day, had normal
blood pressure and cholesterol, and felt well. His life at home
and work was also fine. His marriage with Peggy, who had been
his sweetheart since they were 11 years old, was ideal. They had
an adult son and a daughter, and a grandchild. The couple also
enjoyed their jobs. Ken, a salesman, called his work “wonderful”
and his fellow employees at a Massachusetts manufacturing
company “great to me.” With two secure incomes on hand, a
nearly paid-o≠ mortgage, and good health insurance, the couple
were financially secure and very happy. 

In 1998, when he was 49, Ken began to notice some weakness
and mild shortness of breath when he walked briskly or climbed

A “rapidly developing revolution in cancer treatment” has prompted David G.
Nathan, M.D., president emeritus of Dana-Farber Cancer Institute, to detail
three patients’ experiences in a forthcoming book, to help nonscientific readers
understand the promise and pitfalls of this new research. In doing so, he also
aims to clarify “three well-established principles of medical research”:

• that the determination, positive outlook, and persistence of patients,
their families, and their physicians strongly influence medical progress;
• that most novel treatments are derived from an amalgam of basic 
research and clinical observations that may stretch over decades before
a successful application can be made in patients; and
• that the first e≠ective treatments for a heretofore incurable disease
are usually incomplete—they form the basis of the next steps.

One of the patients, Ken Garabadian, was a±icted by a gastrointestinal

stromal tumor (GIST) that posed severe treatment challenges, and his struggle
highlights a fundamental thread in this medical revolution. Nathan explains
“the establishment of precise, DNA-based understanding of how a cancer
grows; the description of the mutant proteins derived from abnormal cancer
DNA; and the recent discovery of new ‘smart’ drugs such as Gleevec that in-
teract chemically in very specific ways with those proteins and arrest tumor
growth. Smart drugs were critical as Ken dealt with GIST—and the same
tools will be essential for managing more common cancers, particularly those
resistant to classic chemotherapy treatments.”

“Ken’s Story”—the patient narrative and the accompanying history of bio-
medical research—are adapted here from chapters 16 through 18 of Nathan’s
forthcoming book, The Cancer Treatment Revolution, to be published
by John Wiley & Sons, Inc. �The Editors
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The dramatic effect of Gleevec on
Ken Garabadian’s cancer led the
manufacturer, Novartis, to feature
this photograph of him in an ad.
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soaked the sheets in
seconds. Then he
started to lose con-
sciousness as his
blood pressure began
to collapse. He was
going into shock, but
he had the presence of
mind to grab the phone
from the bedside table
and call 911. 

He groaned his name
and address to the oper-
ator and told her he
thought he was dying.
The operator told him to
stay on the phone and
talk to her until the am-
bulance could get to him.
She kept talking and
making him answer. The
police and EMTs found
him moments later babbling incoherently, rolled up in the
soaked sheets, sweat still pouring from his body. His bowels had
opened and he was smeared with feces. They could feel a pulse
at the neck, but his blood pressure was almost unobtainable.
His belly was as hard as a board. They knew immediately that
Ken was dying of an abdominal catastrophe and rushed him

to the emergency ward of the local community hospital.
The surgeon who took care of Ken that night had about

two minutes to make a de-
cision. One look convinced
him that Ken was su≠ering
from peritonitis, a pro-
found inflammation of the
abdominal cavity probably
due to rupture of the intes-
tine or appendix. No time
was available for imaging as-
says like routine X-rays or
CT scans. The doctor had to
rely on the history and his
physical examination, experi-
ence, and skills.

As soon as Ken’s belly was
opened the surgeon realized
that his overall diagnosis was
correct. The cavity was filled
with gas and greenish foul-
smelling fluid that could only
come from the contents of the
bowel. The surgeon learned
exactly what was happening

when he sucked out buckets of the mess. A grapefruit-sized
tumor was growing out of the small bowel. The cells in the cen-
ter of the tumor had died from lack of blood and the bowel wall

The story of “smart drugs” and their role in the present
cancer-treatment revolution has its roots in the nineteenth cen-
tury, when a strange cancer epidemic repeatedly swept through
U.S. poultry farms where hens were packed tightly together.
Typically the a≠ected birds developed swollen bellies and
gasped for breath. Their abdomens, when cut open, were full of
masses of cells—cancer. Less commonly, the birds grew large tu-
mors on their wings. Poultry farmers were desperate: when one
bird developed a tumor, the entire flock succumbed. 

The mystery intrigued Peyton Rous, a physician who had ac-
cepted a full-time appointment in 1910 to direct cancer research
at the newly created Rockefeller Institute of Medical Research in
New York (now Rockefeller University). Rous, who had been
brought up on a Texas cattle ranch, started his work after a poul-
try farmer brought a chicken with a wing sarcoma to his new
Rockefeller lab. The researchers minced up the cancer and sus-
pended the chopped cells in water. The mixture did not include
any intact cells, yet after Rous injected the material into the
wings of normal chickens, they developed sarcomas. This meant
the cells had to be associated with a tumor-causing agent. 

Rous next fractionated the mixture of minced tumor cells by
filtering it through progressively narrow filters until the material
showed nothing visible, even under a microscope. But chickens
injected with the seemingly empty fluid promptly developed tu-

mors. In 1910 Rous concluded that a virus—a particle so small it
could pass through any filters he had—must cause the tumors. 

That he reached this conclusion was remarkable, because the
causes of cancer were virtually unknown at the time. The most
relevant previous work was that of Theodor Boveri, a German bi-
ologist who had demonstrated that most cancer cells have ab-
normal chromosomes, the elements of heredity. Boveri’s findings
had suggested that cancer is due to mutations of genes. 

The report of Rous’s experiment landed on the medical science
community with a dull thud. And when Rous tried the same ex-
periment with mouse and rat cancers, he never saw the same re-
sult. Although his work was eventually vindicated—he shared
the Nobel Prize in medicine in 1966—the mechanism by which
the Rous virus actually causes cancer remained unknown for
many more years. Understanding that mechanism was critical to
finding a way to kill o≠ the sarcoma that might be related to it. 

That e≠ort started in the late 1940s and early 1950s, when Re-
natto Dulbecco and Salvador Luria, two expatriate Italian physi-
cians who later received Nobel Prizes, initiated basic research
and training programs in molecular biology at Indiana Univer-
sity and later at the California Institute of Technology and the
Massachusetts Institute of Technology, respectively. The scien-
tists they trained and, in turn, the students of those trainees,
played key roles not only in the biology of RSV, but also in mak-

T H E  R E L E VA N T  
B I O M E D I C A L  R E S E A RC H

Ken as a varsity wrestler at
Bergenfield (N.J.) High School,
1966; Ken and Peggy O’Connell at
their graduation party in 1967
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Undergoing a PET scan: the pho-
tograph of Ken that accompanied
a New York Times article on new
anticancer drugs



Peggy Garabadian at home in
November 2006; Ken said of
his wife, “She has been a tiger
through this.”



The newlyweds on July 25, 1970,
and on a thirty-fifth anniversary
cruise four months before
Ken’s death

The crystal structure of kit, show-
ing how Gleevec (imatinib) blocks
uncontrolled operation of the
growth circuit in GIST cancer cells
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July 2000: PET scan reveals active metastatic GIST throughout Ken’s
abdomen and liver. (The brain and bladder activity are normal.)
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most exactly a year to the day that the tumor had burst into my
belly. Within two weeks, all the tumors in my belly were ‘cold’
[the PET scan showed no uptake of sugar]—which I never ex-
pected. I expected 5 or 10 percent. When he came inside and
said, ‘Your whole scan is cold,’ I think it was just one of the hap-
piest days of my life.” Some weeks later a CT scan of Ken’s belly
found that the tumors were shrinking. Ken became a poster boy
for Gleevec and the treatment of GIST for two years. He spoke
on the radio as a cancer survivor, appeared on a cancer special
that played on cable TV, and was featured in a long New York Times
article on new anticancer drugs.

But he was certain he would encounter more di∞culty. He

knew that the emergence of resistance is virtually the rule in sin-
gle-agent chemotherapy—and he was right. In July 2002, a rou-
tine PET scan showed that a few of his tumors were consuming
sugar.

Ken became a subject of new clinical trials focusing on other
smart-drug possibilities. In late 2002 a new drug, SU 11248
(sunitinib), produced by Sugen Pharmaceuticals (now part of
Pfizer), became available to Demetri for a special attempt to
treat GIST. The drug had been designed to inhibit tumor blood
flow, but laboratory studies showed that it also inhibited the ac-
tivity of other cancer-causing enzyme proteins. Demetri de-
cided to ask his patient to try the drug, and Ken accepted with

alacrity. Although the tumors occasion-
ally regressed or became much “colder,”
they slowly recovered. Then Ken would
receive another combination of drugs or a
single agent. 

Ken maintained a strong, positive atti-
tude. “I don’t believe in that old saw
‘When life gives you lemons, make lemon-
ade,’” he told me. “I believe when life gives
you lemons, it’s lemon season—enjoy

method for examining the chromosomes of cancer cells that had
been induced to grow in a culture dish. They looked down their
microscopes at the 22 pairs of non-sex-determining chromosomes
of the blood cells of patients with chronic myelogenous leukemia
(CML), and saw something remarkable. The pairs were normal
except that, in every leukemic cell of every patient, one of the pair

of chromosome 22s was even shorter than
its small partner. For Nowell and Hunger-
ford, the appearance of the chromosomes,
particularly the easily discernible small 22
that became known as the Philadelphia
chromosome, provided an important diag-
nostic test for CML.

Thirteen years later, Janet Rowley, a ge-
neticist at the University of Chicago,
looked even more carefully at the blood
cells of CML patients and noticed that one
of the pair of the larger chromosome 9s
seemed longer than its partner. Within the
next three decades, other scientists
confirmed that the Philadelphia chromo-
some and the slightly longer chromosome
9 are due to breaks near the middle of
chromosome 22 and at the tip of chromo-
some 9. A large fraction of one of the 22s is
transferred to the tip of a chromosome 9 in

exchange for a small hunk of the tip of the chromosome 9. Such
exchanges are called reciprocal translocations.

Reciprocal translocations probably occur frequently in divid-
ing cells. After all, every time a cell divides, 22 pairs of chromo-
somes and two sex-determining chromosomes line themselves
up, duplicate, and dump themselves properly in the nuclei of di-
viding cells. There have to be occasional errors in such a complex
process. Fortunately, the cells that bear such errors usually die.
But some translocations, such as that which causes the Philadel-

But Ken was certain he would encounter more difficulty. He knew
that the emergence of resistance is virtually the rule in single-agent
chemotherapy—and he was right.

January 2001: After Gleevec therapy, no tumor metabolic activity is
evident in the scan; only normal heart and kidney activity is noted.
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them. If you can smile with a lemon, the rest of it’s downhill, the
rest of it’s just going to happen.

“I’ve tried to figure out the meaning of life since I was 10 years
old,” Ken continued. “It’s been the point of my existence to an-
swer it. Sometime around my fortieth birthday, I realized I was
asking the wrong question. It’s not, ‘What’s the meaning of life
in general?’ but, ‘What’s the meaning of my life?’” 

Ken found answers in Viktor Frankel’s book Man’s Search for
Meaning. “Frankel survived Auschwitz and came out with a philos-
ophy of life that means something to me. We each have to find that
meaning in our life. Maybe my meaning is to be a compass needle
that points to Demetri…[maybe I’m here to] say to another con-
fused and frightened cancer patient, ‘Look, at least go to a cancer
hospital with experts and get that second opinion. Demand that
second opinion; get the experts, get the cutting-edge technology
available to you.’ If that’s all my cancer does for me, that’s okay. My
life will be worthwhile if I have helped someone else.” 

Though Ken followed instructions to the letter, his tumors
continued to grow even as new combinations, often including
Gleevec, were administered. Both doctor and patient were bit-
terly disappointed, but Demetri maintained an optimistic stance.
The Bristol Meyers Squibb drug desatinib, an excellent inhibitor
of the enzyme that causes CML and very active against the en-
zyme that causes GIST, was now ready for clinical trials. Ken

agreed to join a dose-escalation trial in the summer of 2004 and
became the first solid tumor patient in the world to receive the
new drug.

The course of the trial proved disappointing and discouraging.
There were three immediate di∞culties. First, a system of mea-
surement had to be devised that would provide some quantita-
tive assessment of tumor growth, because the PET and CT re-
sults could vary from day to day. Only measurements of trends
over a prolonged period could provide accurate data. (PET scan-
ners have become an expensive but absolutely necessary ap-
proach to measuring the responses of solid tumors to treatment.
No other method gives as much information so quickly. But
positron-labeled sugar is not an ideal detector because it is not
specific for cancer. With more cancer-specific positron-emitting
agents now in development, PET scanning will be much more
accurate within a few years.)

The second di∞culty was related. Because serial measure-
ments were required to determine e∞cacy, the number of days
required at each dose was necessarily very high. Each dose re-
quired a commitment of two months before the patient could
move to the next dose, and the actual increments in dose were
very small. Months could drift by with no evidence of any e∞-
cacy.

The most serious di∞culty was a toxic side e≠ect at higher

phia chromosome, favor a cell, and in the case of CML, the progeny
of such survival-advantaged cells appropriate the bone marrow. 

In the tip of chromosome 9 that is transferred to chromosome
22 is the normal tyrosine kinase gene c-abl. It produces one of the
more than 500 kinases that normally work quietly together to
regulate the growth of cells. CML is due to a single event in one
bone marrow cell. In that cell, an innocent abl gene, yanked from
its normal resting place on chromosome 9, is plastered onto the
remaining bit of a broken chromosome 22 at a DNA site called
bcr (for breakpoint cluster region). The forced union of bcr DNA

with abl DNA on the Philadelphia chromosome forms an abnor-
mal oncogene that produces a new and much longer fusion pro-
tein called bcr-abl. The latter forces the abl protein to signal con-
tinuously and stimulate cell growth. The result is chronic
myelogenous leukemia. George Daley, then a young medical stu-
dent in David Baltimore’s laboratory at MIT, showed in 1990 that
bcr-abl can cause leukemia by itself, just as activated kit can it-
self force a Cajal cell to form a gastrointestinal stromal tumor. 
Researchers have also found that many types of cancer develop
from DNA mutations of other growth-promoting or death-

pathway controlling
genes. Modern can-
cer genetics thus
has grown out of
one simple observa-
tion made by three
investigators peer-
ing down a micro-
scope at the blood
cell chromosomes
in a rare leukemia.

An effective treat-
ment for Ken’s can-
cer emerged from
an initial attack on
the bcr-abl onco-
protein. Alex Mat-
ter, then a science

No matter how “smart” a drug may be, all drugs are essentially
poisons that interrupt metabolic pathways.

June 2002: Gleevec therapy has controlled the cancer for more than two years. November 7: Multiple GIST metastases
show increased activity, despite continuing Gleevec therapy at a higher dose. November 18: Multi-targeted therapy with a
new drug, sunitinib, regains control of the cancer, temporarily.
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George Demetri ’78, M.D., pressed
drug companies and an internal
review board to gain access to
experimental new therapies.
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20,000 to 25,000 genes, there may be many variations in genes
that a≠ect the absorption of a drug from the gastrointestinal
tract, its clearance from the circulation, its breakdown in the
liver, excretion in the bile and the urine, or penetration of the or-
gans such as the brain. Such genetic variations may lead to
unique drug reactions in individual patients that are entirely un-
expected and may occur without warning. These so-called idio-
syncratic reactions are often unrelated to dosage and may pro-
duce severe toxic side e≠ects. An entire field of medicine,
pharmacogenetics, has developed to find ways to detect such pa-
tients before reactions occur. 

Severe depression is not a common manifestation of desatinib
toxicity, but Demetri had to conclude that the drug might have
penetrated Ken’s brain in some unique way and damaged the
function of the delicate network of nerves that control emotion.
Demetri had no choice. In late February 2005 he stopped the
drug to see what would happen to Ken’s spirits. Within a few
days, Ken’s depression lifted, his suicidal ideas vanished and, de-
spite his abdominal pain, his optimism returned.

Demetri then decided to pursue a possibly useless gamble. He
unleashed a drumbeat campaign to persuade Novartis to release
yet another new drug, AMN107 (nilotinib), for a single-patient
trial in Ken. 

Pharmaceutical companies loathe single-patient drug trials.
The chances of improvement of a single sick patient are small,
but the chances of trouble and a complication that may or may
not be due to the drug are high. An accumulation of toxic side

e≠ects in single patients from whom little useful clinical data
could be obtained represents a foolish investment to any sensible
pharmaceutical executive. 

But Novartis had not often dealt with an investigator as per-
sistent as Demetri. Scores of e-mails later, Novartis o∞cials re-
luctantly agreed to allow him to treat Ken, and Demetri immedi-
ately petitioned the Dana-Farber institutional review board
(IRB) to permit him to use the new drug. To his surprise and
fury, the IRB wanted much more information first.

The life of a clinical investigator, a physician who wants to
translate the fruits of biomedical science into patient care, can be
discouraging. Arguments with pharmaceutical companies about
the availability of new drugs in development, and endless de-
bates with IRBs about the ethics of research protocols, can cre-
ate incredible delays.

Prior to World War II, and for two or three decades after the
war, physicians were largely free to use their own judgment and
their own ethical standards to determine the suitability of a
given patient for a particular research procedure. Clinical re-
search flourished. But the demonic corruption of Nazi physicians
and the shocking revelation that career o∞cers of the United
States Public Health Service had withheld penicillin from poor,
uneducated black citizens of Tuskegee, Alabama, who were
a±icted with syphilis destroyed that assumption. Congress
heard cries for tighter regulation of clinical research. An initial
trickle of rules became a torrent as more cases of research
malfeasance emerged. 

One of the best regulations was the creation of IRBs in 1979.

But Druker, now at Oregon Health Sciences University, per-
sisted. In 1996 Matter finally gave him a small supply of STI-571
for lab studies—and it killed CML cells. Druker implored Mat-
ter to persuade Novartis to make enough of the drug for a phase-
1 clinical trial. The trial, reported in 2001, proved hugely success-
ful. CML patients went into remission with little or no
toxicity—a magic bullet seemed to have arrived. 

In 1999, George Demetri learned from Druker that Gleevec also
shut down kit. Demetri immediately arranged a collaboration to
determine whether Gleevec would kill GIST cells in a culture
dish. The answer was strongly positive. Demetri still recounts
the story with excitement. “I can’t imagine a kinder or gentler
way of killing cancer cells without injuring a patient. Why kill
normal cells and hope that you happen to have a lot of the cancer
cells in your field of treatment? Why pummel the patient with
toxic chemotherapy? Why not just give a drug that helps the
body get rid of mutated cells?…I wanted to start a trial of Gleevec
immediately in gastrointestinal stromal tumors.”

Demetri began a campaign to persuade Novartis to provide
Gleevec for the treatment of GIST. A patient in Finland treated
with Gleevec had shown remarkable improvement: a positron
emission tomography (PET) scan utilizing radioactive sugar
before and after one month of treatment showed that the tu-

mors avidly consumed sugar before treatment but not after-
ward. The tumors were therefore dying. Subsequent CT scans
showed that they were shrinking. “Nobody had ever seen any-
thing like this,” exulted Demetri, “and she had no side e≠ects
of any note.”

The central management of Novartis was also impressed. They
made Gleevec available to Demetri for what was to be a small
clinical trial but turned out to be quite large: GIST is no less
common than childhood leukemia, with perhaps 5,000 new cases
a year in the United States. Scores of patients demanded access
to the trial. 

In the course of the trial, a second remarkable finding
emerged: one dose of Gleevec could kill the cancer cells in just
one day. That showed how dependent on kit GISTs can be. They
may be wildly aggressive and unstoppable by carpet-bombing
chemotherapy, but their Achilles heel is their utter dependence
on kit for survival. No one had ever seen a solid tumor stopped in
its tracks by a single dose of any therapy. The case o≠ered proof
that a concerted search for the pathways adopted by cancer cells
to survive and a further search for smart drugs to block those
pathways could be highly productive. It would lead to a sea
change in cancer therapy. 

The majority of the patients tested responded to Gleevec, al-
though some were slower to respond than others. Eventually

No one had ever seen a solid tumor stopped in its tracks by a single
dose of any therapy. It would lead to a sea change in cancer therapy.



The Garabadians
teasingly thanked
Demetri for pulling
rabbits out of a hat
repeatedly on Ken’s
behalf.
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had created that particular IRB, the members were entirely inde-
pendent of the cancer center. They made up their own minds,
and were free to demand any and all corrections as they saw fit.) 

Seeing that a delay was inevitable, Demetri decided on a
di≠erent tack. Ken had not taken Gleevec for two years. On the
chance that a majority of his tumors had mutated enough to re-
gain sensitivity to Gleevec, Demetri recommended a new course
of that drug for Ken. To the delight of patient and physician,
many of Ken’s tumors grew “cold” on the PET scan after two
weeks of Gleevec treatment and began to shrink. Ken’s abdomi-
nal pain decreased. He felt like a new man again. Demetri, mean-
while, dealt with the criticism of the IRB and prepared to start
Ken on AMN107 when the tumors inevitably mutated again and
became Gleevec resistant. 

While all this progress swirled around him, Ken remained
reflective and philosophical. “I’m working and I’m trying to stay
interested,” he told me. “You certainly get distracted in a situa-
tion like this, where every two or three weeks there’s a new pro-
tocol. By the same token, that’s what I’m asked to do right now.
I’m trying to do it with dignity.

“Of course it’s not easy to be focused. I have to be in for check-
ups very frequently. So I don’t have long periods when I do not
think about the cancer and what is going on in me. But I always
get a lift from this place. When friends tell me about cancers in
the family, I always tell them, ‘Just do yourself a favor, just call,
get a second opinion. If you don’t like Dana-Farber, go to M.D.
Anderson, go to Memorial in New York, go to some other rep-
utable hospital that specializes in cancer and cancer research.’”

I asked Ken whether he thought some patients avoid cancer

abl: A normal mammalian gene that produces a tyrosine kinase
enzyme that promotes growth.

adenosine triphosphate (ATP): ATP, present in all cells, is
formed when energy is released from food during cell metabo-
lism. Cells contain enzymes such as tyrosine kinases that split
ATP into ADP, phosphate, and energy, which is then available for
cellular functions such as mitosis (cell division).

amino acid: Any of a class of nitrogenous organic compounds
that are the building blocks of proteins and the end products of
protein digestion. 

bcr-abl: Oncogene and oncoprotein responsible for Philadelphia
chromosome-positive chronic myelogenous (myelocytic) leukemia.

breakpoint cluster region (bcr): DNA on chromosome 22 that
is the site of breakpoints that accept a fragment of chromosome
9 containing the abl gene. This translocation creates bcr-abl. The
modified chromosome 22 is known as the Philadelphia chromo-
some and is diagnostic of chronic myelogenous leukemia.

c-abl: The normal abl gene, a proto-oncogene.
chromosomal translocation: The alteration of a chromosome

by transfer of a portion of it either to another chromosome or to
another portion of the same chromosome. 

chromosome: A linear strand made of DNA and protein that
carries genetic information. Genes are sequences of DNA that are
largely contained within chromosomes. Normally present in the
somatic (non-germ cells) of humans are 46 chromosomes, in-
cluding two sex-determining chromosomes (either X and Y in
males, or X and X in females).

chronic myelogenous leukemia (CML): A hematological ma-
lignancy that includes a specific cytogenetic anomaly—the
Philadelphia chromosome—in the bone marrow and blood of
more than 90 percent of patients. 

computerized tomography (CT): A radiographic technique
that selects a level in the body and blurs out structures above
and below that plane, leaving a clear image of the selected
anatomy. 

deoxyribonucleic acid (DNA): Molecule that carries genetic
information for all organisms except the RNA viruses. DNA con-
sists of adenine, guanine, cytosine, thymine, deoxyribose, and
phosphate.

enzyme: A protein capable of accelerating the chemical reac-
tion of a substance (the substrate) without being destroyed or
altered. Enzymes are reaction specific in that they act only on
certain substrates.

gene: A gene consists of a sequence of base pairs in the DNA
molecule which encodes the synthesis of one particular messen-
ger RNA and protein molecule. Genes are the basic units of
heredity. 

gene expression: The process by which genetic information is
converted into messenger RNA molecules and then into pro-
teins.

genome: The complete set of genes on chromosomes, and thus
the entire genetic information present in a cell.

imatinib (trade names: Gleevec, Glivec): An anticancer drug
that inserts itself into the ATP binding pockets of the tyrosine
kinase domains of bcr-abl and mutant kit, both oncoproteins.
The drug binding prevents ATP access to the enzyme, and there-
fore blocks tyrosine kinase activity. 

kinase: An enzyme protein that catalyzes the transfer of high
energy phosphate from ATP to an acceptor or substrate such as a
tyrosine molecule within the protein. If tyrosine is the substrate
(acceptor) the enzyme is called a tyrosine kinase. If the tyrosine
kinase is activated by another protein it is called a receptor tyro-
sine kinase. Kinase activity is central to the signaling processes
that regulate cell growth. 

kit: A receptor tyrosine kinase that regulates cell growth and
di≠erentiation through the cell signaling network. Mutations of
kit are responsible for most cases of GIST.

mutation: A spontaneous or induced change in the DNA se-
quence of a gene in an individual organism. Most mutations are
harmless but others lead to serious disease or disability. 

oncogene: A gene that has the ability to induce tumor forma-
tion and malignancy. Proteins produced by these genes have
tumor-promoting activity. 

oncoprotein: A protein that is coded by an oncogene that may
induce new and abnormal tissue formation such as a tumor.

Philadelphia chromosome: An abnormally short chromosome
22 in which there is a reciprocal translocation of the distal por-
tion of its long arm to the long arm of chromosome 9 in exchange
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polymer:

positron emission tomography (PET scan):

protein:

proto-oncogene:

RNA:

smart drugs:

src:

tyrosine:

tyrosine kinase:

tyrosine kinase inhibitor:


