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to customize patient treatments can be such 
a game-changer that last year it launched the 
All of Us Research Program to pull together 
data from 1 million or more participants na-
tionwide, covering their lifestyle, environment 
and genetics, to accelerate research into per-
sonalized disease prevention and treatment. 
Enrollment is scheduled to start later this year 
or early next. As research evolves, you can ex-
pect to see more recommendations based on 
your specific profile: the best strategies to treat 
your cancer, which drugs you should take or 
avoid, and which diseases you are most at risk 
to develop if you don’t take care of yourself. 

Ten years ago, full genome sequencing was 
an eight-figure proposition. Now it’s down to 
four figures and still falling. Someday it will be so inexpen-
sive as to be a routine part of every patient’s care, says Keith 
Stewart, director of the Mayo Clinic’s Center for Individual-
ized Medicine. 

T he f ield is changing so f as t  that the limited genome 
sequencing used commonly today, which analyzes only the 
1.5 percent of genetic material that has an identified func-
tion, might be inadequate in 10 years as more is understood 
about apparently “useless” DNA. “It might be more efficient 
to sequence it again the next time you have a question,” 
Stewart says. He estimates that Mayo used genetic infor-
mation to treat 12,000 patients last year. About half had 
cancer and the other half had rare diseases or more com-
mon ailments like high cholesterol, irritable bowel disease, 
and peripheral neuropathy. 

Analyzing the genomes of tumors from material obtained 

during biopsies is becoming common, because some of the 
new generation of targeted drugs are extremely effective 
against tumors with certain genetic profiles but don’t work 
well otherwise. For example, mutations in the “EGFR” gene 
can dramatically affect whether a lung cancer patient will 
respond to several different drugs, including Tarceva and 
Iressa. Patients whose tumors have the right genes can ben-
efit immensely while others can be spared time, money and 
debilitating treatments that can’t help them. Increasingly, a 
tumor’s genetic profile will matter more than its location in 
the body: In May the FDA gave its first approval to a cancer 
drug, Keytruda, to treat cancers based on their biomarkers 
rather than their location in the body. 

In general, a small blood sample or cheek swab yields 
enough genetic material to do gene tests, and turnaround 
time can be as little as two days or as much as several weeks 
depending on what’s being ordered. Costs can range from 

under $100 to over $2,000, according to the NIH. Since 
insurance coverage can vary, patients may want to check in 
advance with their provider if their physician recommends 
a genetic test. But Howard McLeod, medical director of 
the Personalized Medicine Institute at Moffitt Cancer Cen-
ter in Tampa, Florida, notes that once a cancer treatment 
is known to vary in effectiveness depending on genetics, 
insurers may not pay for the treatment until testing has 
confirmed that the patient will benefit. 

Now, personalized medicine is extending beyond genes 
to the microbiome. Researchers know that the trillions of 
microbes in your body – in your stomach and intestines, on 
your skin, in your mouth and nose – have intricate relation-
ships with your cells and can impact the course of diseases. 
One initiative, the NIH’s Human Microbiome Project, is cur-
rently targeting three areas: how changes in the microbiome 
impact the development of inflammatory bowel disease and 

28    USN&WR • BEST HOSPITALS USN&WR • BEST HOSPITALS    29

B y  E l i z a b e t h  G a r d n e r

B arbara Barnes is alive today because she contributed 
her genetic information to a research project. On her 
doctor’s recommendation, the 58-year-old Hazleton, 
Pennsylvania, homemaker gave a blood sample in 

April 2016 to a growing biobank called the MyCode Com-
munity Health Initiative. Based at Geisinger Health System 
in Danville, Pennsylvania, its goal is to help health care pro-
fessionals develop more targeted, effective treatments for pa-
tients. Barnes’ DNA joined that of over 150,000 volunteers 
who are notified if genetic changes are found in their infor-
mation associated with conditions that can then be treated. 
Geisinger alerted Barnes that she carried a gene putting her at 
high risk for breast and ovarian cancer. As a precaution, she 
decided to have her ovaries removed. Surgeons found a ma-
lignancy the size of a golf ball that had caused no symptoms. 
“MyCode literally saved my life,” she says. Her physicians are 
now monitoring a suspicious breast lump.  

It’s not just cancer risk that MyCode can flag, says David 
Ledbetter, Geisinger’s executive vice president and chief 
scientific officer. About 3.5 percent of participants receive 
some type of alert for 27 genetic conditions ranging from 
cardiomyopathy (abnormal heart muscle) to high cholesterol 
to malignant hypothermia (a life-threatening reaction to cer-
tain anesthesia drugs). “They all have clinically actionable 
options available,” he says. “Doctors will treat patients more 
aggressively and patients will comply better with treatment 
when they know they have a genetic condition that puts them 
at high risk.” 

Welcome to personalized medicine, where analyzing your 
genome and your microbiome – the bacteria that live in and 
on your body – will increasingly help your doctor pinpoint 
optimal ways to treat your illnesses and keep you healthier. 
The National Institutes of Health believes that the ability 
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Type 2 diabetes, and how the mother’s 
microbiome interacts with the baby’s 
during pregnancy and birth. However, it 
may be a few years before work in the lab 
translates to practical applications. 

For the average person, personalized 
medicine’s most immediate benefit may 
be in pharmacogenomics – the study of 
how variations in an individual’s genes 
affect the body’s response not just to can-
cer drugs but also to other medications. 
Of the 2,000 drugs on the market, about 
170 are known to differ in their effects depending on the 
patient’s genes, says Lynn Dressler, director of personalized 
medicine at Mission Health in Asheville, North Carolina, 
one of a handful of community hospital systems in the U.S. 
with a formal personalized medicine program including 
pharmacogenomics. 

About 30 noncancer drugs in that group may be ineffective 
or even have serious side effects for people with certain gene 
variations, like the anti-platelet drug Plavix, which can lead 
to a higher risk of heart attacks if it is not effective. The same 
is true of some antidepressants, anti-anxiety medications, 
anti-seizure drugs and painkillers. One Mission Health pa-

tient who did not get good pain relief after 
spinal fusion surgery was hesitant about 
another surgery until she had pharma-
cogenomics testing.  A better option was 
found and her pain was greatly reduced 
after her second procedure.

This testing can also benefit pediatric 
patients. The Inova Health System in 
Virginia, for example, recently started 
giving all newborns a seven-gene test 
called MediMap that flags potential 
problems with 24 different drugs, in-

cluding the narcotic painkiller codeine. 
The FDA maintains a list of drugs with pharmacoge-

nomic labeling information that can be searched on www.
FDA.gov/drugs. If you’ve experienced significant side ef-
fects taking any of these medications or found them to be 
ineffective, consider asking your doctor about being tested. 
Mayo’s Keith Stewart used this screening to discover that 
some of his genes render certain cholesterol drugs (and 
higher doses of antidepressants) potentially toxic. His cho-
lesterol is fine, but that could change, and “having that 
information in my back pocket is handy.” Someday it could 
save a lot of trial and error. l
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A PERSONAL RISK PROFILE

D iscoveries surrounding the genome 
and microbiome are generating 
new businesses. Companies are 

offering cutting-edge tools directly 
to consumers for purposes ranging 
from predicting your risk of hereditary 
diseases to measuring how fast your 
chromosomes are aging or determining 
which diet and exercise regimen will 
help you lose weight (story, Page 87).

At least two companies offer genome 
and microbiome analysis as part of a 
personalized medicine service aimed 
at well-heeled healthy people who will 
spare no expense to stay that way. 
Health Nucleus, co-founded by noted 
biochemist and geneticist J. Craig 
Venter, offers a $25,000 head-to-toe 
“platinum” assessment that lasts eight 
hours and comes with comprehensive 
reports, follow-up consultations and an 
app. In May the company introduced 

a more economical $7,500 service 
that provides full-body imaging, heart 
monitoring, blood tests, and whole 
genome sequencing, with a microbi-
ome analysis for an extra $500. Both 
promise to help people assess their 
risk for cancer, dementia and cardio-
vascular disease. Arivale, founded 
by DNA sequencing pioneer Leroy 
Hood, offers a less elaborate assess-
ment and coaching program aimed 
at goals like weight loss or “optimal 
aging” for $3,500. Tests include 
analysis of specific genes, gut micro-
biome, and blood and saliva. 

The potential benefits of these 
services are clear. In a recent article, 
Hood wrote, “In this brave new 
world of heath care, we will be able 
to identify the earliest markers of 
disease and reverse them before the 
disease can develop.” 

Still, consumers need to do their 
homework. The FDA has sent warn-
ing letters to makers of genetic testing 
products who market to consumers 
without completing the agency’s re-
quired review process for tests that 
promise a clinical benefit. The testing 
company 23andMe received such a 
warning in 2013; in April it won agen-
cy authorization for its Genetic Health 
Risk direct-to-consumer test that identi-
fies predispositions to certain diseases 
including Parkinson’s and late-onset 
Alzheimer’s disease.

Comprehensive screening can have 
downsides, of course. If a test finds a 
possible cancer risk, say, the patient 
may have a biopsy for something that 
would never have caused trouble, 
notes oncologist John Deeken of 
Virginia’s Inova Health System. Still, 
Deeken says, “If these tests are done 
well and patients are fully informed 
of what the results might mean, I think 
they will be part of the future.” –E.G.
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