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Scientific article for use with Question 8.
How personalized medicine is transforming your health care

Stunning advances in gene research and data mining will predict diseases and devise treatments
tailored to each of us.

Fran Smith, National Geographic magazine, January 2019

TWELVE YEARS AFTER Teresa McKeown beat stage 3 breast cancer with a brutal regimen of
chemotherapy and a double mastectomy, the disease returned, more aggressively than before.
This time chemotherapy failed. Day after day, she sat in a chair in her living room, too sick to move.
She kept four journals, one each for her husband and her three grown children, and mustered the
strength to write her thoughts about a future she didn’t expect to share.

Desperate and determined, she asked her surgeon, Jason Sicklick, if he knew of any experimental
treatments that might buy her more time. As it happened, he is a co-leader of a study at the cutting
edge of what’s come to be called precision, or personalized, medicine.

The approach, built on advances in gene research and data analytics, holds transformative
possibilities for cancer treatment and could upend the way medicine traditionally has been
practiced. Rather than lump patients together under broad categories of diseases, precision
medicine aims to tailor prevention, diagnosis, and treatment to a person’s unique biochemical
makeup.

McKeown joined I-PREDICT, a precision cancer study at the University of California, San Diego-
affiliated Moores Cancer Center. Researchers there don’t rely on any particular therapy. Instead they
analyze the DNA in a patient’s cancer cells. Using special algorithms, a computer then scours data
on thousands of gene variants, hundreds of anticancer drugs, and millions of drug combinations
to find the treatment that best targets the tumor’s abnormalities. It may be a new immunotherapy,
old-line chemotherapy, hormonal therapies, or drugs that aren’t specifically approved for cancer.

“It's a very simple principle,” said Razelle Kurzrock, an oncologist and director of the Moores Center
for Personalized Cancer Therapy. “You pick the right drugs for each patient based on the tumor
profile, not based on a part of the body or based on what type of cancer 100 other people have.
It's all about that patient sitting in front of me.”

McKeown'’s tumors were riddled with different mutations. “These are the kinds of patients we
used to hang our heads and feel sorry for,” Kurzrock said. But they’re among the best candidates
for a new class of immunotherapies called checkpoint inhibitors. The drugs prevent tumor-made
proteins from binding to immune cells and shutting them down, which restores the patient’s
ability to fight the cancer. More mutations mean the reactivated immune cells have more targets
to attack and eradicate.

[-PREDICT matched McKeown with nivolumab, a checkpoint inhibitor approved for advanced
melanoma, kidney cancer, and certain lung cancers but not for breast cancer. After two infusions,
the tumor markers in her blood declined by more than 75 percent. Four months later, after
additional infusions, tests detected no evidence of cancer.

Precision medicine flips the script on conventional medicine, which typically offers blanket
recommendations and prescribes treatments designed to help more people than they harm but
that might not work for you. The approach recognizes that we each possess distinct molecular
characteristics, and they have an outsize impact on our health.
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9. Around the world, researchers are creating precision tools unimaginable just a decade ago:
superfast DNA sequencing, tissue engineering, cellular reprogramming, gene editing, and more.
The science and technology soon will make it feasible to predict your risk of cancer, heart disease,
and countless other ailments years before you get sick. The work also offers prospects—tantalizing
or unnerving, depending on your point of view—for altering genes in embryos and eliminating
inherited diseases.

10. More immediately, the research points the way to
customized therapies for the most recalcitrant cancers.
Last spring, researchers at the National Cancer
Institute reported the dramatic recovery of a woman
with metastatic breast cancer, Judy Perkins, after an
experimental therapy using her own immune cells to
attack her tumors. The team, led by Steven Rosenberg,
animmunotherapy pioneer, had sequenced her tumor’s
DNA to analyze the mutations. The team also extracted
a sampling of immune cells called tumor-infiltrating
lymphocytes and tested them to see which ones
recognized her tumor’s genetic defects. The scientists BEFORE TREATMENT
reproduced the winning lymphocytes by the billions
and infused them into Perkins, along with a checkpoint
inhibitor, pembrolizumab. More than two years later,
Perkins, a retired engineer from Florida, shows no signs
of cancer.
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11. One success story, of course, doesn't make a medical
revolution. Two other patients in Rosenberg’s trial died.
“I'm a little point of light,” Perkins said. “We need a
lot more points of light to get the data to be able to
harness the immune system.”

12. The game changer may not be this treatment but what
it says about the power of precision medicine. The
distinctive mutations that fuel a person’s cancer may be
its undoing.

13. Thirty years ago, scientists thought that it would be
impossible to crack our genetic code and sequence the
3.2 billion pairs of compounds [nucleotide bases] in our

DNA. “It was like you were talking fairy tales,” Kurzrock Figure 1
said.“The conventional wisdom was that it would never CT SCANS: STEVEN ROSENBERG,
happen. Never! And then in 2003, never was over.’ NATIONAL CANCER INSTITUTE

14. It took the Human Genome Project 13 years, roughly one billion dollars, and scientists from
six countries to sequence one genome. Today sequencing costs about a thousand dollars. The
latest machines can churn out the results in a day. The technology, combined with sophisticated
molecular analysis, illuminates the astonishing biochemical variations that make every human
body unique.
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16.

SUPERCHARGED IMMUNITY

Researchers are pioneering cancer treatments that go beyond creating new drugs. The National
Cancer Institute is testing a form of immunotherapy that identifies mutations in a patient’s tumors
and then unleashes the immune system to attack them. Here’s how the technique worked for Judy
Perkins, whose cancer was eliminated.

Perkins' tumour was Doctors found immune
genomically sequenced cells called lymphocytes
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The tumour infiltrating
lymphocytes were
isolated and cultured

Once infused into These lymphocytes were
Perkins' body, the cells replicated, generating billions
destroyed the cancer of her own cancer fighting cells

Figure 2

JASON TREAT, NGM STAFF; Kelsey Nowakowski
ART: CHRISTOPHER DELORENZO. SOURCE: STEVEN ROSENBERG, NATIONAL CANCER INSTITUTE

The more scientists discover about those differences, the cruder conventional medicine seems.
Consider one-pill-fits-all prescribing. Most people who take a blockbuster drug, such as a statin
or corticosteroid, benefit. But genomics reveals that many people don’t. The Food and Drug
Administration has identified about a hundred drugs that may not work as commonly prescribed
in people with specific gene variants.

The problem can be deadly. The drug clopidogrel, for instance, is routinely given to prevent blood
clots in patients after a heart attack. But about a quarter of the population has a gene variant that
produces a defective form of an enzyme needed to activate the drug. Alan Shuldiner, a professor
of medicine and a genetics researcher at the University of Maryland, found that when those people
are prescribed the drug, they are twice as likely to have a repeat attack or die within a year of the
first, compared with patients who don'’t have the variant. Some major medical centers now screen
heart attack patients for the variant, but the test is far from routine.
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Many experts say that a decade from now, a DNA profile will be part of everyone’s medical record.
Geisinger, a large health system in Pennsylvania and New Jersey, recently began offering genome
sequencing as a routine part of preventive care, along with mammograms and colonoscopies.

Like advances in computer chips, which liberated us from desks and then tethered us to
smartphones, the shift to genomics and data-driven medicine will be disruptive in unpredictable—
and perhaps distressing—ways. We soon will have at our fingertips extensive data about diseases
we may develop over the course of our lifetimes.

To glimpse what that future might look like, meet geneticist Michael Snyder. He directs Stanford
University’s Center for Genomics and Personalized Medicine, and for the past nine years he has
been tracking molecular and physiological markers in his body. The result is a high-definition
depiction of his inner workings that registers fluctuations that may signal problems. It's like a
weather map, charting shifts in the atmosphere to predict storms.

Snyder and the team in his lab take his DNA sequence into account as they analyze a continuous
data stream. It includes measurements from blood, urine, and stool specimens he routinely
provides and readings from bio-sensors he wears on both wrists, his ring finger, and his right
arm. His team tracks his gene expression, proteins and metabolites, and physiological measures
such as his exercise activity, heart rate, skin temperature, and blood oxygen. He undergoes MRIs,
echocardiograms, and other scans to detect changes in his organs, muscles, and bone density.

Genomically speaking, we're more than 99 percent alike—but separated, on average, by millions
of genetic variations. At last count, scientists had cataloged 665 million, ranging from big alterations
to differences in one of the nucleotides that make up DNA.

Which variants are harmless quirks, and which pose dangers? Like parents staring at tiny toy parts
and baffling assembly instructions, scientists have barely begun to figure it out.

The challenge is illustrated by an experiment conducted at Vanderbilt University. Investigators
studied 2,022 people and identified 122 rare variants in two genes known to be associated
with heart-rhythm abnormalities. They asked three labs to determine which variants cause the
irregularities. One lab selected 16; another, 24; and the third, 17. The labs all agreed on only four.
The researchers then compared the lab assessments with people’s health records and found that
almost no one with potentially worrisome variants had abnormal heart rhythms.

To understand what the DNA code is saying requires huge studies over years, because risky
mutations are rare and their related illnesses may take a long time to develop. The National
Institutes of Health recently kicked off All of Us, part of its Precision Medicine Initiative, to collect
DNA and other health information from a million people. The Dubai Health Authority plans to
create a genomic database of the emirate’s three million residents.

Leading the pack on such megastudies is the UK Biobank. Tucked into an unremarkable industrial
strip in Stockport, England, the biobank holds the medical secrets of 500,000 British volunteers,
ages 40 to 69. A freezer, the width of a two-lane road and nearly two stories tall, stores samples of
their blood, urine, and saliva—10 million specimens in tiny tubes, stacked in trays and stamped
with bar codes to protect anonymity. A yellow robot trundles along a track, plucking specimens for
studies. The air is compressed and dried so thoroughly to prevent frost that even standing outside
the freezer, looking at it through a glass wall, my skin felt more like old leather than a living organ.
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Biobank computers link to the health records of participants, because the clues in DNA reveal
themselves only when researchers can tie gene variants to traits and ailments in people.
“Everybody unfortunately will be informative in the long term,”said Rory Collins, the biobank’s chief
executive and principal investigator. “But only a small portion of people will be informative about
a particular disease.” The biobank has genotyped tissue from every donor. The process, commonly
used by consumer DNA test companies, scans the genome for specific variants. The biobank is now
working with a pharmaceutical consortium to sequence every donor’s exome, the protein-coding
portion of the genome. Genotyping can find oddities and defects that researchers know to hunt
for; sequencing can unearth new ones.

More than 4,000 researchers around the world are using the biobank’s data trove to study the
genetics of such conditions as cancer, osteoporosis, and schizophrenia and such habits as using
marijuana and being a night owl.

The research, though, has limited applications to diverse populations because it tracks a largely
white group. Other big genetic databases have the same drawback. A 2009 analysis of studies
examining the links between genes and disease found that 96 percent of the participants were
of European descent. Seven years later, University of Washington investigators reported some
improvement, mostly because more studies were being done in Asia. Stanford researchers have
warned that unless scientists study humanity in all its diversity, genomic advances will benefit only
“a privileged few.”

Nevertheless, researchers are using the data to push the bounds of personalized medicine. Scientists
at the Broad Institute in Cambridge, Massachusetts, recently unveiled a personal risk scorecard of
sorts—algorithms that calculate the odds you'll develop five serious, common ailments: heart
disease, breast cancer, type 2 diabetes, inflammatory bowel disease, and atrial fibrillation.

The scorecard builds on an unsettling discovery: Many people have numerous mutations that each
pose negligible risk but cumulatively present a problem. For instance, in breast cancer these little
mutations collectively are as dangerous as a BRCA1 mutation and far more common, said Sekar
Kathiresan, who led the research. Many people harbor these bundles of defects and don’t know
it. In the not too distant future, Kathiresan said, doctors will use systems like this to score people’s
risks, perhaps even at birth.

Oneafternoon lastspringlsatdown atamonitor at the Cedars-Sinai Board of Governors Regenerative
Medicine Institute in Los Angeles to see a magnified view of cells under the microscope. A few
months earlier, these blobs were blood cells collected from an adult donor. Scientists engineered
them into primitive stem cells. And then a team led by Clive Svendsen, a neurochemist and the
institute’s director, turned them into a rudimentary version of the spine—nerve tissue bearing the
donor’s genetic signature. “Seems like science fiction, right?” he said. “Not long ago, it was science
fiction.

The point of this cellular shape-shifting is to create models for studying disease. Not some
generalized system, but a working model of a specific patient’s specific disease. So an ovarian
cancer researcher in Svendsen’s lab wants to synthesize mini-versions of fallopian tubes from the
blood of an ovarian cancer patient. The gut team will make intestinal tissue from the blood or
skin of children with Crohn’s disease. Svendsen studies Parkinson’s and other neurodegenerative
conditions, so his team produces brain and spinal tissue.

The scientists can start with almost any adult tissue. They reprogram it, using proteins involved
in gene expression to turn back the clock and convert the mature cells to embryo-like ones. The
reprogrammed cells, called induced pluripotent stem cells, are then placed into a brew of growth
factors and other proteins. The recipe is crafted precisely to synthesize any functioning tissue a
researcher wants.
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34. Once they create it, the scientists pull the tissue apart and lay the cells onto a chip—a translucent
plate about the size of a memory stick. Made by Boston-based Emulate, the chip is lined with tiny
channels that carry blood and nutrients to the cells and help them mature.

35. Svendsen said the model will be valuable for testing new drugs and predicting how a patient will
respond to a given treatment. Figuring out which drug works best is often a miserable process, he
said, citing epilepsy as an example:“We put kids through three months of hell, trying one drug after
another. With the chip, you can just put a different drug on every day until you find the one that
shuts down the seizure!”

36. Some critics believe reprogrammed cells on a chip offer only a limited view of what'’s happening in
the body. | asked Svendsen how he'd know, for instance, if an epilepsy drug was toxic to the liver
or heart. Simple, he said. His lab would use stem cells to create mini-versions of those organs and
then test them with the medication.
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