
IN 2009, THE SCHOOL OF MEDICINE AT 

Johns Hopkins University turned itself 
inside out for the human genome. 
Although ranking consistently 
among the top medical schools in 
the United States, it scrapped 
the existing curriculum and 
installed a shiny new “Genes 
to Society” agenda over 
the summer. A commit-
tee slotted genetics into 
every nook and cranny 
of the school’s 4-year 
prog ram.  Edward 
Miller, dean and CEO 
of Johns Hopkins Med-
icine, who backed the 
change, said at the time, 
“It’s the biggest thing to 
happen in 100 years.”

Among the fac-
ulty members, geneticist 
David Valle took the lead 
in championing the overhaul. 
Valle says the impetus came 
from his late colleague Barton 
Childs, a geneticist who argued in 
his writings that doctors have been 
trained in an overly rigid concept of dis-
ease. Students are “taught everything … in 
terms of the average patient and the classic 
case,” Valle explains. But there are no such 
patients. Every case is unique because each 
person’s genome is unique, Valle says. With 
its new education strategy, Johns Hopkins set 
out to show students that they should treat 
each patient as an individual.

To do this, the school redid its course 
plan. Breaking with tradition, it added clini-
cal encounters to the fi rst 2 years—normally 
a time for book-learning—and inserted basic 
science into the third and fourth years, when 
doctors in training generally leave such lec-
tures behind for clinical rounds. Johns Hop-
kins further added a series of short seminars 
over the 4 years to meld genetics and medicine 
in focused studies. With $20 million in gifts 
so far, Johns Hopkins has created a $2 million 

simulation center and a $52 million new 
curriculum building—complete with an anat-
omy lab where every dissecting table has an 
Internet connection.

This departure is a gamble, but Johns 
Hopkins isn’t taking it alone. Other medi-
cal schools and research centers are invest-
ing tens of millions of dollars each to join the 
genomic medicine bandwagon. Yet despite 
the excitement, some say this is a huge leap 
into uncharted clinical territory. 

Most doctors have not embraced the 
genomic revolution, according to leaders 
of medical professional groups, because 
they have trouble seeing how it will benefi t 
their patients. A survey of American Medi-

cal Association members last year found 
that only 10% of respondents thought they 
had enough knowledge to use gene tests in 
prescribing medicines, although nearly all 
thought such tests were useful. DNA testing 
is growing rapidly in oncology to guide the 
treatment of some cancers, and in screening 
couples before conception and newborns to 
fi nd dangerous mutations. Based on recent 
studies of cancer cell genetics, many labs are 
developing therapies to narrowly target tumor 
DNA. But aside from these situations, appli-
cations are scant; most public health reviews 
of DNA-based approaches have not found a 

health benefi t. 
As doctors and scientists look back 

over the decade since the human 
genome was published, some are 

asking tough questions. Is the 
translation of DNA research 

into medical practice tak-
ing longer than expected? 
Has the genomic medi-
cine revolution faltered?

Such questions can 
elicit a sharp response 
from leaders in clini-
cal genomics. Eric 
Topol, a pioneering 
researcher on DNA-
related treatments in 
cardiovascular dis-
ease and cancer at the 

Scripps Translational 
Science Institute in San 

Diego, California, says 
the medical establishment 

is slow to change because it’s 
“sclerotic.” In his view, studies 

that fi nd insuffi cient evidence of 
benefi t are often used as an “excuse” 

for not learning about new science. 
Still, Topol and many others in the fi eld 

agree that proof of clinical usefulness is in 
short supply. “We need to … demand evi-
dence and not get caught up in a naïve view 
that just because something sounds good, it’s 
going to be good,” says James Evans, a medi-
cal geneticist at the University of North Caro-
lina, Chapel Hill.

Can you prove it?
No one is more aware of the gap between 
today’s health care and the promised future 
of genomic medicine than Greg Feero, an 
M.D.-Ph.D. who lives in both worlds. Feero 
studied neuromuscular diseases but now 
practices as a family doctor in Fairfield, 
Maine. From 2007 to 2009, he worked at the 
National Human Genome Research Insti-
tute (NHGRI) in Bethesda, Maryland. The 
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Waiting for the 
Revolution 
Having the complete human DNA sequence hasn’t yet produced big 

advances in primary medicine, prompting some to ask what’s delaying 

the genomic revolution in health care 
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But relatively few genomic approaches 

have been reviewed for clinical utility. For 

example, in 2 decades, the government-

funded U.S. Preventive Services Task Force 

(USPSTF) has looked at just two topics in 

genetics. It approved one: In 2005, it recom-

mended that women whose families have a 

high risk for BRCA cancer gene mutations 

be evaluated for genetic testing. Genetics 

“was not very much on [USPSTF’s] radar 

screen,” says Muin Khoury, director of the 

Office of Public Health Genomics at the 

Centers for Disease Control and Prevention 

(CDC) in Atlanta.

That’s why Khoury, a geneticist, pushed 

CDC to help evaluate DNA-based technolo-

gies for public health. In 2005, CDC created 

an independent working group called Eval-

uation of Genomic Applications in Practice 

and Prevention (EGAPP). Khoury says he 
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hoped its seal of approval would speed new 

ideas into clinical use.

EGAPP has done six comprehensive 

reviews in 6 years. Four more are planned 

this year, says Khoury, adding that the group 

is trying to become “faster and nimbler” 

to take on a growing caseload. “In the last 

6 to 9 months, we have identifi ed more than 

200 new applications, mostly new genomic 

tests, and mostly in cancer,” says Khoury. 

But rumors are circulating in the genomics 

community that CDC may cut funding for 

this offi ce. Khoury has no comment.

All but one of EGAPP’s reviews have 

been unfavorable or neutral, generally 

because the panel didn’t see evidence of a 

health benefi t. For example, in January an 

EGAPP group recommended against rou-

tine testing for factor V Leiden and pro-

thrombin gene variants in people with a his-

tory of deep-vein blood clots. Both genes 

influence such clotting. People who have 

had such clots should be treated 

with anticoagulants anyway, 

regardless of genetic status, the 

panel concluded. And in a sec-

ond group—relatives of peo-

ple who have had clots but who 

themselves have not—the panel 

judged that it would be too risky 

to treat preemptively with anti-

coagulants (which can cause 

hemorrhaging) based on genetic 

status alone.

The exception to EGAPP’s 

general pattern was a decision 

in 2009 in favor of a test for 

mutations linked to an inherited 

type of colorectal cancer, called 

Lynch syndrome. The evidence, 

EGAPP concluded, justifi es test-

ing colon tumors of newly diag-

nosed patients—not to help the patient but 

to alert relatives of those who test positive 

that they have a 50% risk of being affected.

Although it won EGAPP’s blessing, the 

Lynch syndrome test has complexities that 

may put off some clinicians. It looks “simple 

and straightforward,” says Douglas Campos-

Outcalt, a leader in family medicine and asso-

ciate head of the University of Arizona Cancer 

Center in Phoenix. But it isn’t. “What if the 

patient doesn’t want their test results spread 

around?” Campos-Outcalt asks. And what 

do you tell the relatives about their own risk? 

“Basically,” he says, the message is, “refer 

them to a genetic counselor.” 

There’s another practical question: Who 

should pay? There’s no evidence so far that 

this test can be used to guide the treatment of 

the person with the tumor. So doctors must 

agency employed him (and now retains him 

from afar) as an adviser. More than ever, he 

says, he is aware of the “stresses” piling up 

on primary care. In fact, you could say he is 

adding to them.

Feero’s job at NHGRI is to integrate 

genomics into medicine. Specifically, he 

aims to nudge primary care doctors, along 

with nurses and physician’s assistants, to 

join the revolution, building up networks 

of like-minded medical leaders. They push 

credential-granting bodies to test for and 

certify “competencies,” or practical knowl-

edge, of genetics. The approach has bite, 

because candidates learn whatever is 

required for board certifi cation. 

Organizations that represent nurses and 

physician’s assistants are quickly embrac-

ing genetic competency testing, Feero says. 

Specialist groups in cancer and cardiovascular 

disease have been “ramping up” training, too. 

But primary care physicians “have been very 

diffi cult to engage.” One reason, 

Feero says, is that doctors already 

have too many obligations. They 

are tying to adopt digital record-

keeping methods, follow more 

stringent rules in training, and 

adhere to new working-hour rules 

for residents. Their “plate is more 

full than when I left [Maine]” 

half a decade ago, he says. That 

often leaves physicians with lit-

tle time for taking detailed family 

histories or learning about other 

genetic tools (see sidebar, p. 528).

Competition for time is an 

important issue. But the big-

ger one, many doctors say, is 

the scarcity of data showing 

that gene-based methods actu-

ally protect or improve patients’ 

health. “Practitioners are looking for evi-

dence of impact before they make [genomic 

medicine] a priority,” says Gary Rosenthal, 

president of the Society of General Inter-

nal Medicine and a professor at the Univer-

sity of Iowa Carver College of Medicine in 

Iowa City. Like many, he argues that doctors 

will move fast if they see clear benefi ts—but 

they don’t see them now and don’t want to 

jump the gun. 

Evans, who is also editor of Genetics in 

Medicine, agrees. “We need to quit trying to 

push genetics into medicine,” he says. “We 

hear these grandiose statements that genomic 

technology is going to revolutionize medi-

cine.” That may be true, but the revolution 

is going to take “decades,” he thinks. Like 

Rosenthal, he believes doctors will embrace 

technologies as they prove valid. 
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This News article and 
another on gene 
patents (p. 530) 
launch a series of 
features this month 
commemorating the 
10th anniversary of 

Science’s and Nature’s 
publications of the 

human genome (see Editorial, 
p. 511, and Essay, p. 546) and looking forward 
to the next decade of genomic research. All the 
stories and related material, including a podcast 
by the author of this story, will be gathered at 
http://scim.ag/genome10.

“We need to quit trying to push 

genetics into medicine.”

 —JAMES EVANS, 

UNIVERSITY OF NORTH CAROLINA, 

CHAPEL HILL

Published by AAAS
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be creative about billing. At Intermountain 

Healthcare in Salt Lake City, clinical geneti-

cist Marc Williams has persuaded hospitals in 

the system that they should pay because the 

test “returns money to the health plan” in the 

long run. It “appropriately” enables the sys-

tem to recruit other individuals who would 

subsequently pay for their own testing. And it 

identifi es a certain number of people who may 

be able to avoid cancer, and the accompanying 

health care costs, by having a polyp removed.

Some genetic tests make sense primar-

ily in a public health context, Khoury says. 

This is one of them. He speaks of using the 

Lynch syndrome assay for “cascade testing” 

of affected families. By screening 150,000 

people, one can fi nd 4000 to 5000 high-risk 

individuals.

Making medicine precise
In contrast to those who focus on missing evi-

dence, Topol sees genomic medicine’s glass as 

half-full—and fi lling fast. He rattles off a series 

of recent DNA-based technologies that appear 

to have important uses in medicine already. 

Tumor analysis heads his list: Topol points 

out that major clinical centers—including the 

Massachusetts General Hospital in Boston, 

MD Anderson Cancer Center in Houston, and 

the U.K. National Health Service—are now 

sequencing DNA from patients’ tumors with 

an aim to improving therapy. The data are used 

in research, but Topol expects DNA-guided 

clinical approaches to emerge soon.

For a decade, oncologists have been using 

the drug Gleevec to target tumor cells in 

patients with chronic myeloid leukemia. The 

same concept now drives the search for a host 

of other therapies. With a complete list of nor-

mal proteins (and mutations in tumors) from 

the human genome, they aim to narrowly tar-

get colon cancer, lung cancer, glioblastoma, 

and melanoma.     

Topol’s institute has recently been study-

ing another hot topic: DNA mutations that 

affect how patients respond to medicines 

in cardiovascular therapy. Specifically, his 

group has been sequencing the exomes—

all the protein-coding DNA—of hundreds 

of patients being treated with clopidogrel 

(Plavix), a drug given to prevent the forma-

tion of clots after a stent has been placed in 

a coronary artery. Some versions of the gene 

for the enzyme CYP2C19 have been identi-

fi ed as a “major” risk factor in patients who 

metabolize clopidogrel poorly, increasing the 

danger of blood clots and death. The stakes 

are high, says Topol, because the mutation 

is common and clopidogrel is widely pre-

scribed. In March 2010, the U.S. Food and 

Drug Administration (FDA) added a black-

box warning, the highest level of alert, on the 

drug’s label. It describes the genetic risk and 

notes that it can be tested for. 

This is one of hundreds of pharmaco-

genomic risks under study. Some have been 

well nailed down, such as those involving the 

patient’s response to warfarin (an anticlot-

ting medicine), mercaptopurine (for immune 

suppression), abacavir (for HIV/AIDS), and 

interferon (for hepatitis C). “There are many 

others in the on-deck circle,” says Topol. C
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Human Genetics in the Clinic, One Click Away

The number of genes identifi ed as factors in human disease has exploded in 
the past decade. Although the exact infl uence of many remains elusive, the 
potential impact on medicine is huge, as suggested by a global tally on a 
public Web site called GeneTests (www.genetests.org). It now lists 2267 avail-
able genetic tests. 

The volume and the tentative nature of the information are a problem 
for medicine, however. “The fact is, it is not possible for most primary care 
doctors to be highly knowledgeable about all aspects of medical conditions,” 
wrote Gary Rosenthal, president of the Society of General Internal Medicine 
and a University of Iowa professor of medicine, in comments last year to a U.S. 
Health and Human Services panel on genetic education. He told the group that 
it seemed “unjustifi ed” to ask doctors to keep up with everything in genetics. 
They don’t have time.

Finding a way to give medical practitioners the right genetic information, 
but not too much, at the point of care is one of the biggest challenges in the 
fi eld, says Bruce Korf, chair of human genetics at the University of Alabama, 
Birmingham. Indeed, Korf ranks this issue as second only to the main one: 
developing evidence that genomic medicine can make patients healthier (see 
main text, p. 526). 

Computer technology may come to the rescue. At Intermountain Health-
care network in Salt Lake City, geneticist Marc Williams (right) is using digital 
tools to slip up-to-date education into the daily run of medicine in ways that 
doctors may fi nd helpful. One trick is to insert “info buttons” into Intermoun-
tain’s data fi les. This health care network uses electronic records throughout 
the system to track patients’ progress. As doctors fi ll in the forms, they see an 

Do it yourself. Marc Williams helped create a Web site at Intermountain 
Healthcare that invites patients to create their own family medical histories.

Skilled Practitioners

Medical

geneticists

Genetic 

counselors

184

252

232

161

129

189

142

135

141

181

258

340

401

360

347

331

SOURCE: American Board of Medical Genetics (ABMG), lab and 
clinical specialties.

ABMG in 1990, thereafter the American Board of Genetic Counseling 
(master's degree).

1990

1993

1996

1999

2002

2005

2007

2009

1990

1993

1996

1999

2002

2005

2007

2009

Limited resource. The number of U.S. medical 
geneticists certifi ed each year has declined while 
the number of genetic counselors, who hold mas-
ter’s degrees, has risen.
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“i” surrounded by a small blue circle pop up at certain points, explains Williams, 
director of the Intermountain Healthcare Clinical Genetics Institute in Salt Lake 
City. These clickable spots offer help when doctors are describing a patient’s 
complaint, ordering a lab test, or prescribing drugs.     

If one entered “Marfan syndrome” as a patient problem, for example, a blue 
info button would appear with a list of links offering a genetic reference ser-
vice, gene reviews, or perhaps more readable articles from Internet resources. 
“You get the content much, much more quickly than going to Google,” he says.

Info buttons of the future may gently direct the course of treatment. For 
example, cardiac patients can get into serious trouble if, because of the genes 
they’ve inherited, they metabolize the anticlotting agent Plavix (clopidogrel) 
too slowly. An info button might therefore note a genetic test to evaluate how 
fast a person metabolizes the drug. But Williams says that Intermountain’s car-
diology department has decided that the genetic test isn’t as useful as a platelet 
reactivity test, which gives a more direct indication of clotting risk. So the info 
button could say, “Maybe you shouldn’t order the genetic test,” or “Maybe you 
should consider a different test.” 

Intermountain aims to use digital methods to crack another knotty problem 
in primary care: the failure to gather useful family medical histories. Asking 
patients about their relatives is a quick way to get into genetic risks. But doc-
tors typically don’t do this thoroughly, many studies have concluded, mainly 
because they don’t have time. Intermountain is trying a new tack. A few months 
ago, it added a program to its Web site, Williams says, in which patients are 

invited to build their own family medi-
cal history. It’s too early to say whether 
the strategy is working, but the idea is 
that the patient gathers the raw infor-
mation, the computer analyzes it, and 
the doctor and patient together discuss 
the results. It should help identify high-
risk cases of genetic diseases. 

Intermountain is one of several 
networks in the United States that are 
beginning to integrate genetic data 
into primary health care. A wave of 
innovation in point-of-service educa-
tion is likely to spread over the wider 
health community in time, but this 
may be limited by the sluggish rate 
of change in electronic health record-
keeping. At the moment, Williams says, 
not one of the commercial programs he’s seen is capable of converting results 
from genetic tests into data fi les. This means that automated tools like those at 
Intermountain designed to scour medical records and give summary reports to 
physicians can’t incorporate genetic data. Williams is waiting for two revolu-
tions: one in medicine and another in records management.    –E.M.

One indication that genetic 
testing has value is that busi-
ness clients are willing to pay 
for it, says epidemiologist Rob-
ert Epstein, president of the 
Medco Research Institute of 
Franklin Lakes, New Jersey. 
Several years ago, his com-
pany began to look for custom-
ers who would pay for expert 
advice on the utility of gene 
tests, particularly those used in 
prescribing drugs. Since 2008, 
he says, the company has signed 
up 300 health plans, insur-
ers, and unions, representing 
65 million individuals. In that 
time, Medco has reviewed 
“hundreds” of genetic tests and 
approved 12 as valid and worth 
paying for—a judgment that 
is both about clinical effi cacy 
and economics. 

Epstein is “bullish” on pharmacogenomic 
tests. “They give more precision to medicine,” 
he says, and who could not want that? In his 
view, EGAPP has been unduly conservative 
in its approach to vetting new technologies, 
and he thinks its high rejection rate in the past 
may not be a good indicator of the quality of 
products now in the pipeline. His company is 
now running half a dozen major pharmacoge-
nomic trials.

Speaking last October in Washington, 

D.C., FDA Commissioner Margaret Ham-
burg noted that despite $2.7 billion spent to 
decode the human genome and a decade of 
analysis, “fewer than 50 therapies actually 
have genetic tests as part of their labeling” to 
guide users. Still, FDA expects to see a surge 
of new gene tests and gene-targeted therapies 
this decade, and Hamburg is concerned that 
the agency may not have the data or the sci-
entists it will need to do the necessary evalua-
tions. She made a pitch in her October talk for 

funds to do more “regulatory sci-
ence.” And to help keep up with 
the pace of discovery, FDA and 
the National Institutes of Health 
last year agreed to work together 
to identify, monitor, and evalu-
ate new therapies as they emerge 
from research labs.

If Johns Hopkins’s gamble is 
right, it’s not only FDA that will 
need to adapt. Medical geneti-
cist Bruce Korf of the University 
of Alabama, Birmingham, has 
been involved in national efforts 
to reshape medical school curri-
cula, and he argues that although 
there’s little published evidence 
of health benefi ts from genom-
ics, clinical institutions across 
the board will need to keep up or 
risk fi nding themselves “behind 
the eight ball.” Changes are com-
ing, perhaps slowly at fi rst, but 

the effect over time will be “pervasive” and 
“transformational,” he maintains.

The genomic revolution is sometimes 
described as a tidal wave that’s racing toward 
the shore, says Feero. He thinks that’s the 
wrong metaphor. New ideas are flooding 
in, he says, but they are fi ltering through the 
health care system in spurts, as they always 
have. Most people will perceive the change 
not as tsunami but as a “slowly rising tide.” 

–ELIOT MARSHALL
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