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Searching for a Cancer’s Vulnerable Target

After years of treatment and two relapses of acute lymphoblastic leukemia, Dr. Lukas Wartman had exhausted all conventional approaches to his disease. A group at Washington University in St. Louis spent a month decoding
his genetic information, a process called whole genome sequencing, in hopes of determining the genetic cause of his leukemia. The team found an overactive gene that was treatable with a drug for advanced kidney cancer.
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The sequencing process began with
two small tissue samples taken from
Dr. Wartman, abnormal leukemia cells
removed from his bone marrow and
normal skin cells.

Sources: Lukas Wartman, Washington University in St. Louis
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The team extracted both DNA and RNA
from his cells, giving it two types of
genetic material to test. After a month
of work to sequence the material, the
team had a large set of results to feed
to a supercomputer for analysis.
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Dr. Wartman’s DNA sequences showed
some genetic mutations possibly
related to his leukemia, but none
seemed treatable. But RNA sequencing
revealed that a normal gene, FLT3, was
overactive in his leukemia cells.
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The FLT3 gene helps create new white
blood cells in the marrow. The cells in
Dr. Wartman'’s marrow were covered
with an extremely high number of FLT3
receptors, which appeared to be driving
the growth of his leukemia.
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An expensive drug called sunitinib,
typically used to treat kidney cancer,
was known to block FLT3 receptors.
Two weeks after Dr. Wartman began
taking the drug, tests revealed that his
leukemia was in remission.
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Using Genetics to Treat Leukemia Brings Glimpse of the Future
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aside for weeks, running one of the
university’s 26 sequencing machines
and supercomputer around the
clock. And they found a culprit — a
normal gene in overdrive, churning
out huge amounts of a protein that
appeared to be spurring the can-
cer’s growth.

Even better, there was a promis-
ing new drug that might shut down
the malfunctioning gene — a drug
that had been tested and approved
only for advanced kidney cancer.
Dr. Wartman became the first per-
son ever to take it for leukemia. And
now his cancer is in remission and
hasbeensincelast fall.

While no one can say that Dr.
Wartman is cured, after facing cer-
tain death last fall, he is alive and
doing well. Dr. Wartman is a pio-
neer in a new approach to stopping
cancer. What is important, medical
researchers say, is the genes that
drive a cancer, not the tissue or or-
gan where the cancer originates.

One woman’s breast cancer may
have different genetic drivers from
another woman’s and, in fact, may
have more in common with prostate
cancer inaman or another patient’s
lung cancer.

Under this new approach, re-
searchers expect that treatment
will be tailored to an individual tu-
mor’s mutations, with drugs that hit
several key aberrant genes at once.
The cocktails of medicine would
be analogous to H.LV. treatment,
which uses several different drugs
atonce.

Researchers differ about how
soon the method, known as whole
genome sequencing, will be gener-
ally available and paid for by insur-
ance. But they believe that it has
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For avideo discussing the new gene-
based method of stopping cancer,
and two other articles about the new
treatments, goto: nytimes.com
Search “Wartman cancer”

enormous promise.

“Until you know what is driv-
ing a patient’s cancer, you really
don’t have any chance of getting it
right,” Dr. Ley said. “For the past 40
years, we have been sending gener-
als into battle without a map of the
battlefield. What we are doing now
is building the map.”

Whole genome sequencing is in
itsinfancy and dauntingly complex.
The gene sequences are only the
start. The arduous job is to learn
which mutations are important.

So far, most who have chosen this
path are wealthy and well connect-
ed. When Steve Jobs had exhausted
other options to combat pancreatic
cancer, he consulted doctors who
coordinated his genetic sequencing
and analysis. It cost him $100,000,
according to his biographer.

Dr. Wartman was included by his
colleagues in a research study, and
his genetic analysis was paid for by
the university and research grants.
Such opportunities are not available
to most patients, but Dr. Ley noted
that no patients were being neglect-
ed because of the urgent work to fig-
ure out Dr. Wartman’s cancer.

A Life in Medicine

Dr. Wartman grew up in small-
town Indiana, aspiring to be a vet-
erinarian like his grandfather. But
in college, he worked summers in
hospitals and became fascinated
by cancer. He enrolled in medical
school at Washington University,
where he was drawn to research on
genetic changes that occur in can-
cers of the blood. He knew then he
wanted to become a physician re-
searcher.

Those plans fell apart in the win-
ter of 2002, his last year of medical
school, when he went to California to
be interviewed for a residency pro-
gram at Stanford University. On the
morning of his visit, he was hitby an
overwhelming fatigue.

Somehow, he forced himself
to drive to Palo Alto in a drench-
ing rain. He rallied enough to get
through the day. When he returned
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Doctors studied Dr. Lukas

Wartman’s genes for the
mutation that caused cancer.

to St. Louis, he gave up running, too
exhausted for the sport he loved.
He started having night sweats. “I
thought it might be mono,” he said.
“And I thought I would ride it out.”

But then the bones in his legs be-
gan to hurt. He was having fevers.
He went to an urgent care center in
February 2003. The doctor noticed
that his red and white blood cell
counts were low. And Lukas Wart-
man, who had been fascinated by
the biology of leukemia, began to
suspect hehad it.

The next day, he went back for
more tests. A doctor slid a long nee-
dle into his hip bone and drew out
marrow for analysis.

“We looked at the slide together,”
Dr. Wartman said. “It was packed
with leukemia cells. I was in a state
of shock.”

Dr. Wartman underwent nine
months of intensive chemotherapy,
followed by 15 months of mainte-
nance chemotherapy. Five years
passed when the cancer seemed to
be gone. But then it came back. Next
came intensive chemotherapy, to
put the cancer into remission, fol-
lowed by abone-marrow transplant

from his younger brother.

Seven months after the trans-
plant, he went to a major cancer
meeting and sat in on a session on
his type of leukemia. The speaker
reported that only 4 or 5 percent of
those whorelapsed survived.

“My stomach turned,” Dr. Wart-
man said. “I will never forget the
shock of hearing that number.”

By last spring, three years after
his transplant, Dr. Wartman was
running nine to eleven kilometers
every other day and feeling good.
“I thought maybe I would run a half
marathonin the fall.”

Then the cancer came back.

A Clue in RNA

Dr. Wartman’s doctors realized
thenthat their last best hope for sav-
ing him was to use all the genetic
know-how and technology at their
disposal.

After their month of frantic work
tobeat cancer’s relentless clock, the
group had the data.

The cancer’s DNA had many mu-
tations, but there was nothing to be
done about them. There were no
drugsto attack them.

But the other analysis, of the can-
cer’s RNA, showed that a normal
gene, FLT3, was wildly active in the
leukemia cells. Its normal role is to
make cells grow and proliferate.
An overactive FLT3 gene might be
making Dr. Wartman’s cancer cells
multiply so quickly.

Even better, there was a drug,
sunitinib or Sutent, approved for
treating advanced kidney cancer,
thatinhibits FLT3.

But it costs $330 a day, and
Dr. Wartman’s insurance com-
pany would not pay for it. He also
pleaded with the drug’s maker,
Pfizer, to give him the drug under
its compassionate use program,
explaining that his entire sal-
ary was only enough to pay for
7 1/2 months of Sutent. But Pfizer
turned him down too.

He gathered up the money to buy
aweek’s worth and began taking it.
Within days, his blood counts were

looking more normal.But he said he
was afraid to hope, and the cost of
thedrugnagged at him. If it worked,
how long could he afford to keep tak-
ingit?

The next day, a nurse at the hos-
pital pharmacy called with what
seemed miraculous news: amonth’s
supply of Sutent was waiting for Dr.
Wartman. The doctorsinhis division
had pitched in to buy the drug.

Two weeks later, his bone marrow,
which had been full of leukemia cells,
was clean, a biopsy showed. Two
more sensitive tests confirmed the
cancer’s remission. “I can’t believe
it,” his physician, Dr. John DiPersio,
told him.

Hunches and Decisions

Dr. Wartman’s doctors consid-
ered whether he should keep taking
Sutent or have another bone-mar-
row transplant now that he was in
remission again.

In the end, Dr. DiPersio decided
Dr. Wartman should have the trans-
plant because without it the cancer
might mutate and escape the Sutent.
Meanwhile, Pfizer had decided to
givehim thedrug.

Dr. Wartman’s cancer is gone,
for now, but he has struggled with a
common complication of bone-mar-
row transplants, in which the white
blood cells of the transplanted mar-
row attack his cells as though they
were foreign. Hehas had rashes and
felt ill. But these complications are
lessening, and he is back at work in
Dr.Ley’slab.

His colleagues want to look for the
same mutation in the cancer cells of
other patients with his cancer. And
they would like to startaclinical trial
of Sutent to see if the drug can help
others with leukemia, or whether the
solution they found was unique to Lu-
kas Wartman.

Dr. Wartman himself is left with
nagging uncertainties. He knows
how lucky he is, but what does the
future hold? Can he plan alife? Is he
cured?

“It’sahardfeeling to describe,” he
said. “Iaminuncharted waters.”



