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In May, Karen Schmale was rushed to Barnes-Jewish Hospal irouis, gasping
for air. Diagnosed with blood clots in her lungs, she giasn a powerful blood thinner called warfarin.

The medicine probably helped save her life. Then it almost KikedAbout a week later,
Ms. Schmale, 49 years old, noticed blood in her urine and lsecame so weak she could
barely climb the stairs to her second-floor apartment. The waxf@as causing the
bleeding, and she had to go back to the hospital for an emgrgied transfusion.

A genetic test revealed Ms. Schmale was unusually sensitive trug and needed a
smaller dose. Before the test, "nobody knew | was goingatct like that," says Ms.
Schmale, a data-entry coordinator at a university in St.sLoui

The case shows the advances in personalized medicine, where treataiéred to an
individual's genetic makeup. But, in a possible harbingéatifes to come, the warfarin
tests have also led to a clash between the Food and Drug i&ttation and some doctors.

The FDA is set to announce today that warfarin's labeloaitty new information describing the role of genetic
dosing. The label will say that a lower initial warfarin déslgould be considered for patients with certain genetic

variations." Read the new FDA label, released ThursHay.

Some specialists say testing hasn't been proved to redudskthefrthe drug. They fear patients who don't get the
tests and run into trouble will sue doctors, citing thegtdrlabel. While Medicare covers the tests, which generally
cost between $300 and $500, major insurers suélets Inc., WellPoint Inc. andCigna Corp. don't. The

insurers say they need more evidence about the benefits.

"It would be irresponsible and potentially harmful to segjghat testing be used, or even mentioned, in the label,"
said University of Washington professor Ann Wittkowskyan interview before the FDA's decision. "It is
fascinating science, but it is not yet ready for prime time."

Larry Lesko, director of the clinical pharmacology office at tb&Fsays the
agency has "substantial” evidence to support the new labéloged it will
improve safety by informing doctors.

Side Effects

As the U5, population ages,
warfarin prescriptions are rising,

Dr. Lesko is part of a larger initiative at the FDA to podenthe use of Total prescriptions for warfarin

genetic factors to predict how individuals will react to medisift's a shift

for the agency, which traditionally has more of a reactive rotbeasegulator | 4 millian oo

of the drug industry. "If the potential wasn't huge, welldo't be doing it," -
30 — -
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he says. "We felt we had to be more outspol

The agency has already included information about geneticgestithe labels of less-frequently used drugs for
colon cancer and leukemia, among others. One @agentechinc.'s Herceptin for breast cancer, is designed
especially for women whose tumor cells have a genetic abnormality.

But warfarin is the largest case study to date of what hapgess the new science of genetics runs up against the
everyday practice of medicine. Originally marketed as a rat pdiserrug was prescribed more than 30 million
times last year in the U.S., according to IMS Health. ligglable as an inexpensive generic pill.

Its main problem is the narrow window for safety. An exaesdbse leads to bleeding. Warfarin is the second-
most-likely drug, after insulin, to send Americans te émergency room. By one estimate, it accounts for 43,000

ER visits a year in the U.Ssde a study on hospitalizatié’ms

If tests for warfarin-sensitivity genes become commonplageutd encourage other efforts to develop genetic
tests linked to popular drugs. Researchers are looking afjéoes affect the action of such drugs as the
antidepressant Prozac, the diabetes drug metformin and the asktates albuterol. A team of Harvard
researchers has shown good results with a genetic test predibtingill fail to respond to albuterol and similar
drugs, says Scott Weiss, a professor involved in the stud

"There's going to be a debate about every one of these tagts Dis Weiss.
Researchers began developing warfarin as a drug for people aftemgrinéluctee during the Korean War tried to

commit suicide by eating it. He survived, and doctors weuelsty how effectively the poison had restricted his
blood's clotting ability, or coagulation. President Eisemér took it after a 1955 heart attack. The drug's generic

name derives from the Wisconsin Alumni Research FoundatioalABF, which originally held the patent on it.

It is also known by the brand name Coumadin.

From the start, doctors struggled with how to give warfsafely. In the 1990s, they began using a measure called
International Normalized Ratio that compares the blood'smip#bility at a given moment to a standardized
measure. Typically, doctors prescribe an initial warfarin dosedbass factors including a patient's size, age and
other medications. They check the patient's blood frequerdglyery few days, at first -- and tweak the dose to

bring the INR within the desired range.

Humble Beginnings
How warfarin went from rat poison to a top anticlotting drug.

1930s and 1940s: Scientists study a
natural substance in plants that can kill
animals by blocking their blood from
clotting.

1948: Karl Paul Link of the University of
Wisconsin develops a derivative of this
substance as a rat poison. The Wisconsin
Alumni Research Foundation, or WARF,
later patents it as warfarin.
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1951: Military recruit tries to commit ! - "":;:'I":"“_
suicide by swallowing warfarin. His sur- oipia) WOWDS GHLATYT BAY AND MDUSH LR
vival pushes scientists to verify that it is
an effective anticlotting agent in humans.

1955: Dwight D, Eisenhower takes
warfarin after his heart attack.

2002 Study in JAMA describes the effects of a gene that influences how people
process warfarin. People with some variants appear to have a higher risk of bleeding.

Advertisement from a 1958 farm magazine

2005: New Enaland Journal of Medicine study describes how another gene, connected
to the body's use of vitamin K, appears to affect how much warfarin is needed.

Aug. 16, 2007: FDA set to announce new label for warfarin that for the first time
discusses the genetic factors.

http://online.wsj.com/article print/SB118722561390147 .htr

Stephanie Davis, 58, a development
director for a Johns Hopkins University
cancer center in Baltimore, developed
blood clots in both legs after a long
flight home from California three years
ago. As she was released from the
hospital, she was prescribed warfarin to
prevent new clots and told to visit a
clinic two days later so her blood could
be checked.

The test showed Ms. Davis's INR
wasn't in the target range, so her dose
was adjusted and she had to return two
days later. In the end, she spent five
months visiting the clinic every other
morning before she went to work. Even
after that, she still had to get checked
twice a week. Eventually, she stopped
taking warfarin. Her doctors felt she
didn't need to be on a blood-thinner
full-time. "It is so frustrating," says Ms.
Davis, who is on the board of an
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organization for people with bloc
clots.

Without such scrutiny, warfarin can be deadly. Maria Tiradt9-geareld diabetic who suffered from an irregu
heartbeat, was prescribed a high dose after a brief hospitall¥isidoctor noted that if her INR went above a
certain number, the drug should be halted. But staffergaialolla Nursing and Rehabilitation Center in La
Jolla, Calif., didn't check her INR, according to a statedgaspn report, and kept giving the high dose for at least
three weeks.

Massive Bleeding

Ms. Tirado was eventually brought to an emergency room aadinliJanuary 2006 after "massive bleeding into
the brain," the inspection report said. Ms. Tirado's familuing the nursing center's owner and people involved
in her care. Andrew Torok, the center's general counsel, declimisttss specifics of the case but said the center
is appealing the state's findings. He said the center is "dediogpedviding quality care" and is "committed to
taking whatever corrective actions are warranted."

About a decade ago, research began to show that a gene known &39@ BRI affect how people's bodies

process warfarinsge a stud%}. People with certain variants tended to break down therdosg slowly, meaning
it stayed in the body longer in its potent form. A 280&ly in the Journal of the American Medical Association
suggested these people were more likely to get too much waafatibleed.

A few years later, researchers discovered that a gene known as VK&$Gdays a role. It affects how
efficiently the body processes vitamin K. That is relevant becaasfarin's anticlotting action comes from its
ability to interfere with vitamin K. A 2005 study indiNew England Journal of Medicine affirmed that patients

with certain variants of VKORC1 appeared to need lower wartarses §ee an abstraf).

Doctors in the field say that traditional measurements sustz@snd age account for just 15% to 20% of the
variability in responses to warfarin. Adding the genédtors can raise that figure to 50% or higher, say advc
of genetic testing.

Ms. Schmale in St. Louis says she had a rare combinatiattofjenes that made her highly sensitive to warfarin.
Doctors had started her on a daily dose of 10 milligrantiseoflrug, but after the tests she ended up on a dose
averaging less than one milligram a day.

For another patient, 60-year-old John D. Marlin, genetiast@diin the opposite direction. When he developed a
clot in his lung this May, the retired biology teacher frEmansville, 1ll., was told he would start with four
milligrams of warfarin each day. But after the genetic test,odscwitched the dose to eight to nine milligrams
daily. "I just don't absorb it very well, so it takes mof it to work," Mr. Marlin says.

Ms. Schmale and Mr. Martin were part of a study led by BAage, an associate professor at Washington
University. "There's clear agreement that variants of these geresth# therapeutic dose of warfarin, so the
product labeling ought to reflect that knowledge,” says [ges

Intriguing Studies

As studies on the genetic connections began to appear, the BDAlssko was intrigued. He is a 62-year-old
pharmacologist and former University of Maryland researchex.affency's database showed warfarin had one of
the highest rates of reported side effects. The 50-year-ajdseeemed like a perfect subject for a working group
Dr. Lesko and others had formed to examine how emergingcecienild be translated into real-world safety
improvements.

Dr. Lesko had a personal experience with the issue when{yis820ld mother-in-law,
prescribed warfarin after a hip replacement, struggled with ¢ggiént blood checks.
"Using genetic factors...not only improves safety -- thas wy belief -- but it also was a
way around the inconvenience," he says.

http://online.wsj.com/article print/SB118722561390147 .htr 8/16/200



In Milestone, FDA Pushes Genetic Tests Tied to [- WSJ.cor Paged of 5

In November 2005, an outside FDA advisory committee, k-2 vote, favore putting

information about genetic tests on warfarin's labek(meeting noteks "I think doctors need to know," says the
panel's chairman, David Flockhart, a professor at Indiana Usityer

But the agency has encountered resistance from doctors who lie&gests' benefits are unproven. On May 4 of
this year, Dr. Lesko addressed a medical group called the Antilediag Forum, which includes doctors, nurses

and others who work at clinics focused on clot treatnerd (he presentati@)n He said warfarin doses were be
set by "trial and error," and described how genetic testingtrhigip.

Dr. Lesko's talk "put a chill up many of our spines," sagsid Garcia of the University of New Mexico, the
forum's president. Dr. Garcia notes that no one has conducliaital trial focused on bleeding rates that
randomly assigns patients with clots to either the genedioag approach or the traditional way of prescribing
warfarin. Unless such a trial proves that the tests lebdtter safety, "it's all just theoretical,” says Dr. Garcia.

The forum's board wrote a letter to Dr. Lesko warning tbatats might rely too heavily on the tests and fail to
monitor patients closely enough. The letter said doctorbtrthink they had to wait for test results to come back
before giving patients any warfarin, although the FDA s$hgts not what iintends. The group asked that any
label "reflect the uncertainty" so doctors wouldn't be helddiabcourt for failing to do the tests.

In a nod to such concerns, the new warfarin label keeps the giaostics out of a "black box" at the top of the
label that warns of bleeding risk. It also refrains froneclly recommending that doctors conduct the genetic tests
when they prescribe warfarin.

However, a section of the label called "Precautions" says cegdations in the two key genes "may increase the
need for more frequent INR monitoring and the use of laveefarin doses.” Another paot the label summarize
the genetic research on warfarin.

For doctors, the new label may create practical dilemmas. Expedslladleveloping guidelines for how to
translate genetic results into a recommended dose. Washingt@rdity's Dr. Gage has one computer program,
posted at warfarindosing.org, but there is no definitieeleh The FDA is backing research to develop a guide.

Three FDA officials, including Deputy Commissioner Randaliter, released an economic analysis last
November projecting th widespread use of the tests in the U.S. could avoid 85@&0Qus-bleeding events and

17,000 strokes a year, and save about $1.1 billion annealytije analysik
‘Very Optimistic'

David Matchar, director of the Center for Clinical Health &oResearch at Duke University, calls it a "very
optimistic interpretation,” and says there is "a disconnectesthe clinical evidence...and the idea that the FDA
should be advocating for this."

The FDA's Dr. Lutter, an economist, says the analysis veastio "draw attention to the exciting opportunities"
and is "consistent with our mission of protecting andrmating the public health," but wasn't intended as a

treatment recommendatiosee a Q&/§). Dr. Lesko says, "The evidence for updating this label washrmore
substantial than it has been for other label updates.”

In the past year, a growing number of lab-testing comparikgling the for-profit unit of the Mayo Clinic and
Laboratory Corp. of America Holdings have begun doing warfgenetic tests. Quest Diagnostics Inc., another
major testing company, plans to introduce one soon.

Because it takes time to get test results, doctors typicallyg to decide the initial dose using older methods. Some
testing labs say they can deliver results in one to three ldaly€orp does its test only at a facility in North
Carolina and it takes about 10 days to get results. A congdfioial says it hasn't heard complaints about the
turnaround time.

Medco Health Solutionsinc., which manages employers' c-benefit plans, | doing a study with the May
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Clinic to examine the effect of the gen testing in a re-world setting. Robert Epstein, chief medical office
Medco, says an FDA label change could have a big impact, but aeuarers are "waiting for studies like the one
we're doing to see what is the ultimate outcome."”

Write to Anna Wilde Mathews aalnna.mathews@wsj.c@m
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