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SCIENCE

A Catalog of Cancer Genes That’s Done, or Just a
Start

FEB. 6, 2014

Carl Zimmer

MATTER

Cancer is a disease of genes gone wrong. When certain genes mutate, they make
cells behave in odd ways. The cells divide swiftly, they hide from the immune
system that could kill them and they gain the nourishment they need to develop
into tumors.

Scientists started identifying these cancer genes in the 1970s and their list
slowly grew over the years. By studying them, scientists came to understand how
different types of cancer develop and in some cases they were even able to
develop gene-targeting drugs. Last May, for example, the Food and Drug
Administration approved a drug known as Tarceva as a first-line treatment for
lung cancer in which a gene called EGFR has mutated.

The National Institutes of Health, hoping to speed up the identification of
cancer genes, started an ambitious project in 2005 called the Cancer Genome
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Atlas. They analyzed 500 samples from each of over 20 types of cancer and
found a wealth of new genes. The data have helped scientists discover more of
the tricks cancer cells use to thrive at our expense.

“The Cancer Genome Atlas has been a spectacular success, there’s no doubt
about that,” said Bruce Stillman, the president of Cold Spring Harbor
Laboratory.

But now, as the Atlas project is coming to an end, researchers at the Broad
Institute of M.I.T. and Harvard have published a study in the journal Nature that
has scientists debating where cancer research should go next. They estimated
that scientists would need to examine about 100,000 cancer samples —10 times
as many as the $375 million Cancer Genome Atlas has gathered — to find most of
the genes involved in 50 cancer types.

“We now know what it would take to get a complete catalog,” said Eric S.
Lander, the founding director of the Broad Institute and a co-author of the new
study. “And we now know we’re not close to done. We have a lot left to learn.”

Traditionally, scientists have identified cancer genes by comparing healthy
cells with cancerous ones. If they find a statistically unusually high number of
cells with mutations in a particular gene, they can then examine it to see if it
really does help drive cancer — or if it is just carrying a harmless mutation.

Dr. Lander and his colleagues suspected this method could miss some genes.
While some cancer genes affect most cells of a given type of cancer, other genes
are only involved in a fraction of them. (EGFR, the gene treated with Tarceva, is
mutated in only about 10 percent of cases of nonsmall cell lung cancer.) Small
samples of cancer cells might not contain the less common mutations.

The Broad researchers suspected that they could catch some of these
missing genes by looking at several cancer types at once, because some genes are
not limited to a single type of cancer.

For their new study, the scientists examined cancer samples from the Cancer
Genome Atlas, as well as cancer samples from the Broad’s own collection. All
told, they analyzed 4,742 samples from 21 types of cancer.

The new study detected many of the genes that other scientists have
previously linked to those 21 types of cancer. But they also found new genes that
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had been overlooked before. All told, they identified 33 genes that they consider
strong candidates for playing a role in cancer — a potential increase of the
catalog of cancer genes of 25 percent.

“This was eye-opening to me,” said Dr. Lander.
Dr. Lander and his colleagues began to wonder how many genes could be

found if scientists looked at more cancer samples. Was the cancer catalog almost
finished, or only just begun?

“We were able to ask for the first time, ‘Are we there yet?'” said Dr. Lander.
They extrapolated from their own results to gauge how many more samples

scientists would need to look at to find most cancer genes involved in at least 2
percent of cancers of a given type.

To find most cancer genes involved in the 50 most common types of cancer,
the researchers estimated that they would have to analyze 100,000 samples. In
other words, the atlas has gotten us a tenth of the way to the finish line.

Dr. Harold Varmus, the director of the National Cancer Institute, said the
study has raised valuable questions. “The paper provides some models about
what we might think about doing next,” he said. He said the agency is now
considering testing Dr. Lander’s hypothesis on a few types of cancer by gathering
more samples.

Dr. Lander and his colleagues argue for finishing off the cancer gene catalog.
“Completing the genomic analysis of this disease should be a biomedical
imperative,” they wrote in their new paper.

In an interview, Dr. Lander said knowing most genes involved in cancer
would be a powerful weapon against the disease. “How could we think of beating
cancer in the long term without having the whole catalog?” he said. “It would be
crazy not to have the information.”

But Dr. Stillman of Cold Spring Harbor Laboratory said completing the atlas
has to be weighed against other needs. “Whether we need to know every cancer
gene, I’d like to see an argument for how that’s going to help the advancement of
new therapy,” he said.

For many researchers, the question comes down to whether extending the
atlas project would be the best use of existing research funds. “There’s no
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question that it would be valuable. The question is whether it’s worth it,” said Dr.
Bert Vogelstein, a Howard Hughes Medical Institute Investigator at Johns
Hopkins University.

Some scientists say it might make more sense to study common cancer
genes that have already been identified, instead of searching for relatively rare
genes that might not turn out to be helpful in fighting cancer.

Also in question is who would pay for advancing the cancer catalog project.
“We still don’t know how much money we’re going to have this year,” said Dr.
Varmus of the National Cancer Institute’s budget. “We’re not going to set off
tomorrow and do 100,000 complete genomes.”

Dr. Lander argued that the project could be done for a reasonable cost, and
might also be supported by philanthropic organizations or international
partners. In any case, he said, he welcomed a debate about when science will
finish the cancer gene catalog.

“If people say, ‘I would rather not know that for five years, or 10 years,’ that’s
a reasonable argument,” said Dr. Lander. “But I would rather know that sooner.”

Correction: February 6, 2014 
Because of an editing error, an earlier version of this article misstated a finding
of the new study.  The researchers estimated that scientists would need to
examine about 100,000 cancer samples — not genes — to find most of the genes
involved in 50 cancer types.

© 2014 The New York Times Company
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November 26, 2013

In Israel, a Push to Screen for Cancer
Gene Leaves Many Conflicted
By RONI CARYN RABIN

KFAR SABA, Israel — Ever since she tested positive for a defective gene that causes breast cancer,
Tamar Modiano has harbored a mother’s fear: that she had passed it on to her two daughters. Ms.
Modiano had her breasts removed at 47 to prevent the disease and said that the day she found out
her older daughter tested negative was one of the happiest of her life.

Now she wants her younger daughter, Hadas, 24, to be tested so she can start a family early if she is
positive and then have a double mastectomy too. Ms. Modiano’s elder daughter, Suzi Gattegno, 29,
disagrees.

“You’re keeping her from living her life,” Ms. Gattegno told her mother. “You want to marry her off
early.”

“If she’s a carrier, she should marry early,” her mother countered.

Breast Cancer
Around the Globe

Israel has one of the highest
rates of breast cancer in the
world. Mortality is very low,
in part because of intense
screening.
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“She doesn’t even have a boyfriend,” the daughter said. “You need to stop pressuring her.”

“I want to protect her!” Ms. Modiano replied.

Such family debates are playing out across Israel these days. The country has one of the highest
rates of breast cancer in the world, according to a World Health Organization report. And some
leading scientists here are advocating what may be the first national screening campaign to test
women for cancer-causing genetic mutations common among Jews — tests that are already forcing
young women to make agonizing choices about what they want to know, when they want to know it
and what to do with the information.

The so-called Jewish breast cancer genes have preoccupied women here for years, but after the
actress Angelina Jolie revealed in May that she had undergone a double mastectomy because she
had tested positive for such a mutation, coverage here exploded, with radio and TV talk shows
featuring Israeli women grappling with similar decisions.

Jews of Ashkenazi, or central and eastern European, backgrounds, who make up about half the
Jews in Israel and the vast majority of those in the United States, are much more likely to carry
mutations that increase the risks for both breast and ovarian cancers, according to the National
Cancer Institute.

A number of influential geneticists and cancer doctors from various medical centers here say that
the Israeli Health Ministry should pay for free voluntary genetic testing of all Ashkenazi women
over the age of 25. About a million women would be covered, at a cost of less than $100 per test.
Jews of Iraqi descent, whose families also often carry a harmful mutation, might also be screened.

The goal of a proposed universal screening program would be to identify an estimated 30,000
Israeli women who have the mutations. So far, with sporadic testing, about 6,000 of them have
been found, many only after a cancer diagnosis, said Dr. Ephrat Levy-Lahad, the coordinator of the
Israel Genetics Consortium.

“That’s our target population,” said Dr. Oded Olsha, a breast surgeon at Shaare Zedek Medical
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Center in Jerusalem. “If we can find them, we can save their lives.”

Women who tested positive for mutations in the BRCA1 and BRCA2 genes, which suppress tumors,
would be strongly encouraged to complete child bearing by their late 30s so they could have their
ovaries removed by age 40. Risk-reducing mastectomies would also be offered.

The profoundly controversial idea of broad-based screening has already set off debate in Israel
among advocates for women and those in the medical and scientific fields. Critics say it may lead to
social stigma and a rash of unnecessary operations, and also burden some women with information
they may not want or know how to use.

The choice is not a simple one. Removing the breasts and ovaries sharply reduces the risk of
cancer, but mastectomies are disfiguring and women often experience scarring and numbness after
breast reconstruction. Loss of the ovaries plunges women into menopause, potentially leading to
hot flashes, a reduced sex drive and heightened risks of heart disease and bone loss.

But already demand for genetic testing is very high here — there are yearlong waiting lists — and
national health insurance generally covers it as long as a woman is referred by her doctor or a
genetic counselor.

While poor countries struggle to provide even basic cancer care to women, wealthier societies like
Israel and the United States are increasingly using sophisticated technologies to identify those at
greatest risk in an effort to thwart the disease before it gets started. Several American Jewish
organizations have recently undertaken a campaign to raise awareness about the genetic
susceptibility to breast and ovarian cancer among Ashkenazi Jews.

The cancer divide here in Israel is more ethnic than economic. Will only Ashkenazi Jews be
routinely tested? Though they are much more likely to carry one of the common harmful mutations
in the BRCA1 and BRCA2 genes, Israel is a melting pot of both Arab citizens and Jews from all over
the world, and only half of the country’s six million Jews are of Ashkenazi ancestry.

Under the proposal being put forward by some Israeli geneticists, it is likely that Israeli Arab
citizens and Jews of Sephardic ancestry — whose families originate in North Africa and the Middle
East — would not routinely be included among those screened for BRCA mutations, a point of
contention in a country where a social and ethnic rift already divides Sephardic and Ashkenazi
Jews.

Families of Iraqi origin, like Ms. Modiano’s, may be covered because of their higher genetic risks.

http://www.aish.com/ci/sam/Genetic_Screening_for_Breast_Cancer_Genes.html
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She always knew there was cancer in her father’s family. Three of his sisters died of breast cancer at
young ages.

But she was tested for cancer-causing mutations only three years ago after finding out her relatives
were being screened. The result stunned her.

“I thought about what it meant for me, and then I thought, ‘What about my daughters?’ ” Ms.
Modiano said recently, shuddering slightly. “I was petrified. I still am.”

Within three months, Ms. Modiano had a risk-reducing double mastectomy and an operation to
remove her ovaries. But the decisions facing her daughters, both in their 20s, were far more
complicated. Neither was married, and each had a 50 percent chance of carrying the mutation.

Ms. Gattegno, who was in nursing school at the time, decided to be tested.

“I told my boyfriend that if I turned out to be a carrier, I would quit school for a while and we’d
have kids right away,” she said. “And then I’d have a prophylactic mastectomy.”

Difficult Questions

At the Shaare Zedek Medical Center in Jerusalem, Dr. Levy-Lahad, who started one of the first
genetic testing programs in Israel, is among the main champions of universal screening for
Ashkenazi women. She has worked closely with the American scientist who identified the BRCA1
gene, Mary-Claire King.

“If you’re only testing women after they’ve been affected, you’ve lost the game,” Dr. Levy-Lahad
said. “Genetic testing is about prevention.”

She pointed to the risks. One in 40 Ashkenazi women carry a harmful genetic mutation, compared
to less than one in 100 women generally.

Women with these mutations are four to five times more likely to develop aggressive breast
cancers, according to the National Cancer Institute. The disease often comes at an early age and in
both breasts, said Dr. Gad Rennert, the director of Israel’s National Cancer Control Center.

The potential for preventing ovarian cancer, a rarer but more lethal disease, is even greater. The
common harmful mutations found in Ashkenazis are implicated in about 30 percent of ovarian
cancers in Israeli women — and 40 percent or more of cases in women under 60, Dr. Rennert said.

http://www.ncbi.nlm.nih.gov/pubmed/12798717
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Practical and ethical questions abound. Should men — who are just as likely to pass the mutations
to their children and who are themselves at increased risk for some cancers — also be tested? Will
ultra-Orthodox Jews participate in screening, knowing a positive test could hurt their family’s
chances of making a good marriage match?

Identifying people as carriers can change their perceptions of themselves and the way they envision
their futures, said Dr. Gail P. Jarvik, the head of the division of medical genetics at University of
Washington Medical Center in Seattle.

Even though the testing would be voluntary, women could feel pressured to participate, said
Barbara A. Koenig, a professor of medical anthropology and bioethics at the University of
California, San Francisco. “When you institute mass screening, you’re making a collective decision
that this is a good thing.”

There are also lingering scientific questions. While much is known about the three common
Ashkenazi BRCA1 and BRCA2 mutations, the risk they confer varies. Some families may have other
genetic factors that modify their risk, which explains why some carriers never develop cancer while
others die in their 20s.

Women identified as mutation carriers are showered with resources for early detection and
prevention. These women’s risk for developing breast cancer ranges from 45 to 65 percent or
higher, depending on family history, and their risk for ovarian cancer can be as high as 39 percent.

Routine mammography screening for most Israeli women starts at 50, but carriers are eligible for
frequent clinical breast exams and expensive magnetic resonance imaging of the breast, all covered
by national health insurance. They are also eligible for regular blood tests and vaginal ultrasounds
to screen for ovarian cancer.

Cultural Obstacles

Many Israeli women who have the harmful mutations complain that male doctors display sexist
attitudes about the importance of breasts and are loath to do mastectomies on healthy women.

Dr. Moshe Inbar, an outspoken oncologist in Tel Aviv who opposes preventive mastectomies, has
said that a woman cannot have an orgasm after her breasts are removed, an assertion not
supported by evidence.

“Would you like to live without your breasts?” Dr. Inbar, the director of the oncology division at Tel

http://www.cancer.gov/cancertopics/factsheet/Risk/BRCA
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Aviv Sourasky Medical Center, asked. “I try to dissuade women from doing this. Surgery is not
something that should be done on patient demand; it should be done when indicated.”

While more than a third of American women carrying the harmful genetic mutations choose
preventive mastectomies, only 4 percent of Israeli women do, according to a 2008 International
Journal of Cancer study that compared risk-reducing procedures for samples of BRCA1 and BRCA2
mutation carriers in Canada, the United States, Israel and six European countries.

By contrast, well over half the carriers in all countries but Poland had their ovaries removed, a
procedure that also reduces breast cancer risk.

But there are signs that attitudes are beginning to change here, as women take to the Internet to
research their options, challenge the medical profession and shop for doctors.

Tamar Horesh, 35, a computer programmer from central Israel, has vivid memories of her
mother’s painful death from ovarian cancer at 51.

When Ms. Horesh tested positive for a BRCA1 mutation, she said her husband supported her
decision to surgically remove her ovaries and breasts. They had three young children to raise.

Finding a doctor to do it was another matter.

“The first doctor I went to said I was insane, and he said, ‘If you have brain cancer, are you going to
chop off your head?’ ” said Ms. Horesh. “The second doctor said that he noticed I had a small chest,
and he thought I just wanted an excuse to have my breasts enlarged.”

A third doctor told her what many women hear, “Come back when you have cancer,” and “Nobody
dies of breast cancer nowadays.”

In fact, some 900 Israeli women die of breast cancer each year, according to the Israel Cancer
Association.

Ms. Horesh eventually got referrals from Bracha, a group founded to raise awareness by Lisa
Cohen, who has a BRCA mutation.

Ms. Cohen’s mother died of cancer at 49, and then her sister, who had four young children, died at
36. “I felt like I was going to be next in line,” said Ms. Cohen, a divorced mother of three who was
determined to stay alive for her children.

http://www.ncbi.nlm.nih.gov/pubmed/18196574
http://en.cancer.org.il/
http://www.bracha.org.il/
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A Personal Decision

Hadas Modiano, a university student in Jerusalem, is waiting a couple of years before she seriously
considers being tested as her mother insists. But her mother’s example has given her strength.

“I think I’m not as scared as I might have been because I saw what my mother went through,” she
said. “It was hard, but she has managed and overcome.”

But for many women, the choices are harrowing. A Tel Aviv lawyer, 43, who asked that her name
not be used to protect her privacy, was devastated when she found out at 26 that she had one of the
bad mutations.

The lawyer, who was only 4 when her mother died of breast cancer, said she was among the first to
line up for the genetic test when it became available in Israel in the 1990s.

“You may think you’re prepared for this information, but you aren’t,” she said. “My blood went cold
when I found out.” Afterward, she said she realized, “The only solutions are so radical —
amputating parts of your body.”

When she first met the man who became her husband, she told him that she could never marry or
have children. He convinced her otherwise. She goes for frequent scans and checkups but
postponed having a mastectomy so she could breast-feed their children.

She chose to become pregnant through in vitro fertilization so female embryos that did not carry
harmful mutations could be selected in the lab.

“Finally, there was something positive to do with the information,” she said.

Preventive surgeries are not always successful. Tali Shalev had what was supposed to be a
preventive double mastectomy, but pathologists found a cancerous lesion in the removed breast
tissue. “I’m an example of someone who did everything possible,” said Ms. Shalev, 40, who has
three children.

The dilemmas of genetic testing are compounded in the ultra-Orthodox community, where the
emphasis on modesty often dampens open discussion.

Still, Tziporah, 38, a Canadian-born Orthodox mother of seven who now lives in Israel, talks
openly about her experience because she wants to reach other religious women. Tziporah, who goes
by her nickname, Tzippy, asked that her last name not be used to protect the privacy of her
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extended family members, who also may carry the gene. Her mother died of breast cancer at 42,
when she was 5, and when Tzippy was pregnant with her last child a few years ago, she tested
positive for a BRCA1 mutation.

She sought advice from several rabbis about whether she should go forward with risk-reducing
surgeries. They reassured her that preserving life is one of the supreme values of Judaism.

So three years ago, after her youngest child was born, she had her breasts and ovaries removed.
The operations were grueling, but she said she wanted to make sure her children would not suffer
the same loss she had. And she said she felt she had a mission to encourage other women to be
tested.

“You know why God did this to me?” she said. “Because I’ve got a really big mouth.”

So she is spreading the word within the Orthodox community that genetic screening can save lives.

“Women don’t have to be dying on their kids,” she said.
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January 4, 2014

Why Everyone Seems to Have Cancer
By GEORGE JOHNSON

EVERY New Year when the government publishes its Report to the Nation on the Status of Cancer,
it is followed by a familiar lament. We are losing the war against cancer.

Half a century ago, the story goes, a person was far more likely to die from heart disease. Now
cancer is on the verge of overtaking it as the No. 1 cause of death.

Troubling as this sounds, the comparison is unfair. Cancer is, by far, the harder problem — a
condition deeply ingrained in the nature of evolution and multicellular life. Given that obstacle,
cancer researchers are fighting and even winning smaller battles: reducing the death toll from
childhood cancers and preventing — and sometimes curing — cancers that strike people in their
prime. But when it comes to diseases of the elderly, there can be no decisive victory. This is, in the
end, a zero-sum game.

The rhetoric about the war on cancer implies that with enough money and determination, science
might reduce cancer mortality as dramatically as it has with other leading killers — one more notch
in medicine’s belt. But what, then, would we die from? Heart disease and cancer are primarily
diseases of aging. Fewer people succumbing to one means more people living long enough to die
from the other.

The newest cancer report, which came out in mid-December, put the best possible face on things. If
one accounts for the advancing age of the population — with the graying of the baby boomers,
death itself is on the rise — cancer mortality has actually been decreasing bit by bit in recent
decades. But the decline has been modest compared with other threats.

A graph from the Centers for Disease Control and Prevention tells the story. There are two lines
representing the age-adjusted mortality rate from heart disease and from cancer. In 1958 when the
diagram begins, the line for heart disease is decisively on top. But it plunges by 68 percent while
cancer declines so slowly — by only about 10 percent — that the slope appears far less significant.

Measuring from 1990, when tobacco had finished the worst of its damage and cancer deaths were
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peaking, the difference is somewhat less pronounced: a decline of 44 percent for heart disease and
20 percent for cancer. But as the collision course continues, cancer seems insistent on becoming
the one left standing — death’s final resort. (The wild card in the equation is death from
complications of Alzheimer’s disease, which has been advancing year after year.)

Though not exactly consoling, the fact that we have reached this standoff is a kind of success. A
century ago average life expectancy at birth was in the low to mid-50s. Now it is almost 79, and if
you make it to 65 you’re likely to live into your mid-80s. The median age of cancer death is 72. We
live long enough for it to get us.

The diseases that once killed earlier in life — bubonic plague, smallpox, influenza, tuberculosis —
were easier obstacles. For each there was a single infectious agent, a precise cause that could be
confronted. Even AIDS is being managed more and more as a chronic condition.

Progress against heart disease has been slower. But the toll has been steadily reduced, or pushed
further into the future, with diet, exercise and medicines that help control blood pressure and
cholesterol. When difficulties do arise they can often be treated as mechanical problems — clogged
piping, worn-out valves — for which there may be a temporary fix.

Because of these interventions, people between 55 and 84 are increasingly more likely to die from
cancer than from heart disease. For those who live beyond that age, the tables reverse, with heart
disease gaining the upper hand. But year by year, as more failing hearts can be repaired or
replaced, cancer has been slowly closing the gap.

For the oldest among us, the two killers are fighting to a draw. But there are reasons to believe that
cancer will remain the most resistant. It is not so much a disease as a phenomenon, the result of a
basic evolutionary compromise. As a body lives and grows, its cells are constantly dividing, copying
their DNA — this vast genetic library — and bequeathing it to the daughter cells. They in turn pass
it to their own progeny: copies of copies of copies. Along the way, errors inevitably occur. Some are
caused by carcinogens but most are random misprints.

Over the eons, cells have developed complex mechanisms that identify and correct many of the
glitches. But the process is not perfect, nor can it ever be. Mutations are the engine of evolution.
Without them we never would have evolved. The trade-off is that every so often a certain
combination will give an individual cell too much power. It begins to evolve independently of the
rest of the body. Like a new species thriving in an ecosystem, it grows into a cancerous tumor. For
that there can be no easy fix.
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These microscopic rebellions have been happening for at least half a billion years, since the advent
of complex multicellular life — collectives of cells that must work together, holding back, as best
each can, the natural tendency to proliferate. Those that do not — the cancer cells — are doing, in a
Darwinian sense, what they are supposed to do: mutating, evolving and increasing in fitness
compared with their neighbors, the better behaved cells of the body. And these are left at a
competitive disadvantage, shackled by a compulsion to obey the rules.

As people age their cells amass more potentially cancerous mutations. Given a long enough life,
cancer will eventually kill you — unless you die first of something else. That would be true even in a
world free from carcinogens and equipped with the most powerful medical technology.

Faced with this inevitability, there have been encouraging reductions in the death toll from
childhood cancer, with mortality falling by more than half since 1975. For older people, some early-
stage cancers — those that have not learned to colonize other parts of the body — can be cured with
a combination of chemicals, radiation therapy and surgery. Others can be held in check for years,
sometimes indefinitely. But the most virulent cancers have evolved such wily subterfuges (a
survival instinct of their own) that they usually prevail. Progress is often measured in a few extra
months of life.

OVER all, the most encouraging gains are coming from prevention. Worldwide, some 15 to 20
percent of cancers are believed to be caused by infectious agents. With improvements in
refrigeration and public sanitation, stomach cancer, which is linked to Helicobacter pylori bacteria,
has been significantly reduced, especially in more developed parts of the world. Vaccines against
human papilloma virus have the potential of nearly eliminating cervical cancer.

Where antismoking campaigns are successful, lung cancer, which has accounted for almost 30
percent of cancer deaths in the United States, is steadily diminishing. More progress can be made
with improvements in screening and by reducing the incidence of obesity, a metabolic imbalance
that, along with diabetes, gives cancer an edge.

Surprisingly, only a small percentage of cancers have been traced to the thousands of synthetic
chemicals that industry has added to the environment. As regulations are further tightened, cancer
rates are being reduced a little more.

Most of the progress has been in richer countries. With enough political will the effort can be taken
to poorer parts of the world. In the United States, racial disparities in cancer rates must be
addressed. But there is a long way to go. For most cancers the only identifiable cause is entropy,
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the random genetic mutations that are an inevitable part of multicellular life.

Advances in the science will continue. For some cancers, new immune system therapies that
bolster the body’s own defenses have shown glints of promise. Genomic scans determining a
cancer’s precise genetic signature, nano robots that repair and reverse cellular damage — there are
always new possibilities to explore.

Maybe someday some of us will live to be 200. But barring an elixir for immortality, a body will
come to a point where it has outwitted every peril life has thrown at it. And for each added year,
more mutations will have accumulated. If the heart holds out, then waiting at the end will be
cancer.

George Johnson is a former reporter and editor at The New York Times and the author of “The Cancer

Chronicles.”
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December 9, 2012

In Girl’s Last Hope, Altered Immune Cells
Beat Leukemia
By DENISE GRADY

PHILIPSBURG, Pa. — Emma Whitehead has been bounding around the house lately, practicing
somersaults and rugby-style tumbles that make her parents wince.

It is hard to believe, but last spring Emma, then 6, was near death from leukemia. She had relapsed
twice after chemotherapy, and doctors had run out of options.

Desperate to save her, her parents sought an experimental treatment at the Children’s Hospital of
Philadelphia, one that had never before been tried in a child, or in anyone with the type of
leukemia Emma had. The experiment, in April, used a disabled form of the virus that causes AIDS
to reprogram Emma’s immune system genetically to kill cancer cells.

The treatment very nearly killed her. But she emerged from it cancer-free, and about seven months
later is still in complete remission. She is the first child and one of the first humans ever in whom
new techniques have achieved a long-sought goal — giving a patient’s own immune system the
lasting ability to fight cancer.

Emma had been ill with acute lymphoblastic leukemia since 2010, when she was 5, said her
parents, Kari and Tom. She is their only child.

She is among just a dozen patients with advanced leukemia to have received the experimental
treatment, which was developed at the University of Pennsylvania. Similar approaches are also
being tried at other centers, including the National Cancer Institute and Memorial Sloan-Kettering
Cancer Center in New York.

“Our goal is to have a cure, but we can’t say that word,” said Dr. Carl June, who leads the research
team at the University of Pennsylvania. He hopes the new treatment will eventually replace bone-
marrow transplantation, an even more arduous, risky and expensive procedure that is now the last
hope when other treatments fail in leukemia and related diseases.

Three adults with chronic leukemia treated at the University of Pennsylvania have also had
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complete remissions, with no signs of disease; two of them have been well for more than two years,
said Dr. David Porter. Four adults improved but did not have full remissions, and one was treated
too recently to evaluate. A child improved and then relapsed. In two adults, the treatment did not
work at all. The Pennsylvania researchers were presenting their results on Sunday and Monday in
Atlanta at a meeting of the American Society of Hematology.

Despite the mixed results, cancer experts not involved with the research say it has tremendous
promise, because even in this early phase of testing it has worked in seemingly hopeless cases. “I
think this is a major breakthrough,” said Dr. Ivan Borrello, a cancer expert and associate professor
of medicine at the Johns Hopkins University School of Medicine.

Dr. John Wagner, the director of pediatric blood and marrow transplantation at the University of
Minnesota, called the Pennsylvania results “phenomenal” and said they were “what we’ve all been
working and hoping for but not seeing to this extent.”

A major drug company, Novartis, is betting on the Pennsylvania team and has committed $20
million to building a research center on the university’s campus to bring the treatment to market.

Hervé Hoppenot, the president of Novartis Oncology, called the research “fantastic” and said it had
the potential — if the early results held up — to revolutionize the treatment of leukemia and related
blood cancers. Researchers say the same approach, reprogramming the patient’s immune system,
may also eventually be used against tumors like breast and prostate cancer.

To perform the treatment, doctors remove millions of the patient’s T-cells — a type of white blood
cell — and insert new genes that enable the T-cells to kill cancer cells. The technique employs a
disabled form of H.I.V. because it is very good at carrying genetic material into T-cells. The new
genes program the T-cells to attack B-cells, a normal part of the immune system that turn
malignant in leukemia.

The altered T-cells — called chimeric antigen receptor cells — are then dripped back into the
patient’s veins, and if all goes well they multiply and start destroying the cancer.

The T-cells home in on a protein called CD-19 that is found on the surface of most B-cells, whether
they are healthy or malignant.

A sign that the treatment is working is that the patient becomes terribly ill, with raging fevers and
chills — a reaction that oncologists call “shake and bake,” Dr. June said. Its medical name is
cytokine-release syndrome, or cytokine storm, referring to the natural chemicals that pour out of
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cells in the immune system as they are being activated, causing fevers and other symptoms. The
storm can also flood the lungs and cause perilous drops in blood pressure — effects that nearly
killed Emma.

Steroids sometimes ease the reaction, but they did not help Emma. Her temperature hit 105. She
wound up on a ventilator, unconscious and swollen almost beyond recognition, surrounded by
friends and family who had come to say goodbye.

But at the 11th hour, a battery of blood tests gave the researchers a clue as to what might help save
Emma: her level of one of the cytokines, interleukin-6 or IL-6, had shot up a thousandfold. Doctors
had never seen such a spike before and thought it might be what was making her so sick.

Dr. June knew that a drug could lower IL-6 — his daughter takes it for rheumatoid arthritis. It had
never been used for a crisis like Emma’s, but there was little to lose. Her oncologist, Dr. Stephan A.
Grupp, ordered the drug. The response, he said, was “amazing.”

Within hours, Emma began to stabilize. She woke up a week later, on May 2, the day she turned 7;
the intensive-care staff sang “Happy Birthday.”

Since then, the research team has used the same drug, tocilizumab, in several other patients.

In patients with lasting remissions after the treatment, the altered T-cells persist in the
bloodstream, though in smaller numbers than when they were fighting the disease. Some patients
have had the cells for years.

Dr. Michel Sadelain, who conducts similar studies at the Sloan-Kettering Institute, said: “These T-
cells are living drugs. With a pill, you take it, it’s eliminated from your body and you have to take it
again.” But T-cells, he said, “could potentially be given only once, maybe only once or twice or three
times.”

The Pennsylvania researchers said they were surprised to find any big drug company interested in
their work, because a new batch of T-cells must be created for each patient — a far cry from the
familiar commercial strategy of developing products like Viagra or cholesterol medicines, in which
millions of people take the same drug.

But Mr. Hoppenot said Novartis was taking a different path with cancer drugs, looking for
treatments that would have a big, unmistakable impact on a small number of patients. Such home-
run drugs can be approved more quickly and efficiently, he said, with smaller studies than are
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needed for drugs with less obvious benefits.

“The economic model is totally acceptable,” Mr. Hoppenot said.

But such drugs tend to be extremely expensive. A prime example is the Novartis drug Gleevec,
which won rapid approval in 2001 for use against certain types of leukemia and gastrointestinal
tumors. It can cost more than $5,000 a month, depending on the dosage.

Dr. June said that producing engineered T-cells costs about $20,000 per patient — far less than
the cost of a bone-marrow transplant. Scaling up the procedure should make it even less expensive,
he said, but he added, “Our costs do not include any profit margin, facility depreciation costs or
other clinical care costs, and other research costs.”

The research is still in its early stages, and many questions remain. The researchers are not entirely
sure why the treatment works, or why it sometimes fails. One patient had a remission after being
treated only twice, and even then the reaction was so delayed that it took the researchers by
surprise. For the patients who had no response whatsoever, the team suspects a flawed batch of T-
cells. The child who had a temporary remission apparently relapsed because not all of her leukemic
cells had the marker that was targeted by the altered T-cells.

It is not clear whether a patient’s body needs the altered T-cells forever. The cells do have a
drawback: they destroy healthy B-cells as well as cancerous ones, leaving patients vulnerable to
certain types of infections, so Emma and the other patients need regular treatments with immune
globulins to prevent illness.

So far, her parents say, Emma seems to have taken it all in stride. She went back to school this year
with her second-grade classmates, and though her grades are high and she reads about 50 books a
month, she insists impishly that her favorite subjects are lunch and recess.

“It’s time for her to be a kid again and get her childhood back,” Mr. Whitehead said.
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An accumulation of genetic defects can apparently 

cause normal cells to become cancerous and cancerous 
cells to become increasingly dangerous
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(CHROMOSOME 5)

COLON CANCER
ONCOGENIC MUTATION

OF A RAS GENE
(CHROMOSOME 12)

LOSS OF P53 GENE
(CHROMOSOME 17)

LOSS OF A GENE (POSSIBLY
DCC) ON CHROMOSOME 18

NORMAL TISSUE SMALL BENIGN POLYP LARGE BENIGN POLYP CANCER
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SCIENCE

A Catalog of Cancer Genes That’s Done, or Just a
Start

FEB. 6, 2014

Carl Zimmer

MATTER

Cancer is a disease of genes gone wrong. When certain genes mutate, they make
cells behave in odd ways. The cells divide swiftly, they hide from the immune
system that could kill them and they gain the nourishment they need to develop
into tumors.

Scientists started identifying these cancer genes in the 1970s and their list
slowly grew over the years. By studying them, scientists came to understand how
different types of cancer develop and in some cases they were even able to
develop gene-targeting drugs. Last May, for example, the Food and Drug
Administration approved a drug known as Tarceva as a first-line treatment for
lung cancer in which a gene called EGFR has mutated.

The National Institutes of Health, hoping to speed up the identification of
cancer genes, started an ambitious project in 2005 called the Cancer Genome
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Atlas. They analyzed 500 samples from each of over 20 types of cancer and
found a wealth of new genes. The data have helped scientists discover more of
the tricks cancer cells use to thrive at our expense.

“The Cancer Genome Atlas has been a spectacular success, there’s no doubt
about that,” said Bruce Stillman, the president of Cold Spring Harbor
Laboratory.

But now, as the Atlas project is coming to an end, researchers at the Broad
Institute of M.I.T. and Harvard have published a study in the journal Nature that
has scientists debating where cancer research should go next. They estimated
that scientists would need to examine about 100,000 cancer samples —10 times
as many as the $375 million Cancer Genome Atlas has gathered — to find most of
the genes involved in 50 cancer types.

“We now know what it would take to get a complete catalog,” said Eric S.
Lander, the founding director of the Broad Institute and a co-author of the new
study. “And we now know we’re not close to done. We have a lot left to learn.”

Traditionally, scientists have identified cancer genes by comparing healthy
cells with cancerous ones. If they find a statistically unusually high number of
cells with mutations in a particular gene, they can then examine it to see if it
really does help drive cancer — or if it is just carrying a harmless mutation.

Dr. Lander and his colleagues suspected this method could miss some genes.
While some cancer genes affect most cells of a given type of cancer, other genes
are only involved in a fraction of them. (EGFR, the gene treated with Tarceva, is
mutated in only about 10 percent of cases of nonsmall cell lung cancer.) Small
samples of cancer cells might not contain the less common mutations.

The Broad researchers suspected that they could catch some of these
missing genes by looking at several cancer types at once, because some genes are
not limited to a single type of cancer.

For their new study, the scientists examined cancer samples from the Cancer
Genome Atlas, as well as cancer samples from the Broad’s own collection. All
told, they analyzed 4,742 samples from 21 types of cancer.

The new study detected many of the genes that other scientists have
previously linked to those 21 types of cancer. But they also found new genes that
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had been overlooked before. All told, they identified 33 genes that they consider
strong candidates for playing a role in cancer — a potential increase of the
catalog of cancer genes of 25 percent.

“This was eye-opening to me,” said Dr. Lander.
Dr. Lander and his colleagues began to wonder how many genes could be

found if scientists looked at more cancer samples. Was the cancer catalog almost
finished, or only just begun?

“We were able to ask for the first time, ‘Are we there yet?'” said Dr. Lander.
They extrapolated from their own results to gauge how many more samples

scientists would need to look at to find most cancer genes involved in at least 2
percent of cancers of a given type.

To find most cancer genes involved in the 50 most common types of cancer,
the researchers estimated that they would have to analyze 100,000 samples. In
other words, the atlas has gotten us a tenth of the way to the finish line.

Dr. Harold Varmus, the director of the National Cancer Institute, said the
study has raised valuable questions. “The paper provides some models about
what we might think about doing next,” he said. He said the agency is now
considering testing Dr. Lander’s hypothesis on a few types of cancer by gathering
more samples.

Dr. Lander and his colleagues argue for finishing off the cancer gene catalog.
“Completing the genomic analysis of this disease should be a biomedical
imperative,” they wrote in their new paper.

In an interview, Dr. Lander said knowing most genes involved in cancer
would be a powerful weapon against the disease. “How could we think of beating
cancer in the long term without having the whole catalog?” he said. “It would be
crazy not to have the information.”

But Dr. Stillman of Cold Spring Harbor Laboratory said completing the atlas
has to be weighed against other needs. “Whether we need to know every cancer
gene, I’d like to see an argument for how that’s going to help the advancement of
new therapy,” he said.

For many researchers, the question comes down to whether extending the
atlas project would be the best use of existing research funds. “There’s no

http://www.cancer.gov/aboutnci/director/biography
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question that it would be valuable. The question is whether it’s worth it,” said Dr.
Bert Vogelstein, a Howard Hughes Medical Institute Investigator at Johns
Hopkins University.

Some scientists say it might make more sense to study common cancer
genes that have already been identified, instead of searching for relatively rare
genes that might not turn out to be helpful in fighting cancer.

Also in question is who would pay for advancing the cancer catalog project.
“We still don’t know how much money we’re going to have this year,” said Dr.
Varmus of the National Cancer Institute’s budget. “We’re not going to set off
tomorrow and do 100,000 complete genomes.”

Dr. Lander argued that the project could be done for a reasonable cost, and
might also be supported by philanthropic organizations or international
partners. In any case, he said, he welcomed a debate about when science will
finish the cancer gene catalog.

“If people say, ‘I would rather not know that for five years, or 10 years,’ that’s
a reasonable argument,” said Dr. Lander. “But I would rather know that sooner.”

Correction: February 6, 2014 
Because of an editing error, an earlier version of this article misstated a finding
of the new study.  The researchers estimated that scientists would need to
examine about 100,000 cancer samples — not genes — to find most of the genes
involved in 50 cancer types.

© 2014 The New York Times Company
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November 26, 2013

In Israel, a Push to Screen for Cancer
Gene Leaves Many Conflicted
By RONI CARYN RABIN

KFAR SABA, Israel — Ever since she tested positive for a defective gene that causes breast cancer,
Tamar Modiano has harbored a mother’s fear: that she had passed it on to her two daughters. Ms.
Modiano had her breasts removed at 47 to prevent the disease and said that the day she found out
her older daughter tested negative was one of the happiest of her life.

Now she wants her younger daughter, Hadas, 24, to be tested so she can start a family early if she is
positive and then have a double mastectomy too. Ms. Modiano’s elder daughter, Suzi Gattegno, 29,
disagrees.

“You’re keeping her from living her life,” Ms. Gattegno told her mother. “You want to marry her off
early.”

“If she’s a carrier, she should marry early,” her mother countered.

Breast Cancer
Around the Globe

Israel has one of the highest
rates of breast cancer in the
world. Mortality is very low,
in part because of intense
screening.
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“She doesn’t even have a boyfriend,” the daughter said. “You need to stop pressuring her.”

“I want to protect her!” Ms. Modiano replied.

Such family debates are playing out across Israel these days. The country has one of the highest
rates of breast cancer in the world, according to a World Health Organization report. And some
leading scientists here are advocating what may be the first national screening campaign to test
women for cancer-causing genetic mutations common among Jews — tests that are already forcing
young women to make agonizing choices about what they want to know, when they want to know it
and what to do with the information.

The so-called Jewish breast cancer genes have preoccupied women here for years, but after the
actress Angelina Jolie revealed in May that she had undergone a double mastectomy because she
had tested positive for such a mutation, coverage here exploded, with radio and TV talk shows
featuring Israeli women grappling with similar decisions.

Jews of Ashkenazi, or central and eastern European, backgrounds, who make up about half the
Jews in Israel and the vast majority of those in the United States, are much more likely to carry
mutations that increase the risks for both breast and ovarian cancers, according to the National
Cancer Institute.

A number of influential geneticists and cancer doctors from various medical centers here say that
the Israeli Health Ministry should pay for free voluntary genetic testing of all Ashkenazi women
over the age of 25. About a million women would be covered, at a cost of less than $100 per test.
Jews of Iraqi descent, whose families also often carry a harmful mutation, might also be screened.

The goal of a proposed universal screening program would be to identify an estimated 30,000
Israeli women who have the mutations. So far, with sporadic testing, about 6,000 of them have
been found, many only after a cancer diagnosis, said Dr. Ephrat Levy-Lahad, the coordinator of the
Israel Genetics Consortium.

“That’s our target population,” said Dr. Oded Olsha, a breast surgeon at Shaare Zedek Medical
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Center in Jerusalem. “If we can find them, we can save their lives.”

Women who tested positive for mutations in the BRCA1 and BRCA2 genes, which suppress tumors,
would be strongly encouraged to complete child bearing by their late 30s so they could have their
ovaries removed by age 40. Risk-reducing mastectomies would also be offered.

The profoundly controversial idea of broad-based screening has already set off debate in Israel
among advocates for women and those in the medical and scientific fields. Critics say it may lead to
social stigma and a rash of unnecessary operations, and also burden some women with information
they may not want or know how to use.

The choice is not a simple one. Removing the breasts and ovaries sharply reduces the risk of
cancer, but mastectomies are disfiguring and women often experience scarring and numbness after
breast reconstruction. Loss of the ovaries plunges women into menopause, potentially leading to
hot flashes, a reduced sex drive and heightened risks of heart disease and bone loss.

But already demand for genetic testing is very high here — there are yearlong waiting lists — and
national health insurance generally covers it as long as a woman is referred by her doctor or a
genetic counselor.

While poor countries struggle to provide even basic cancer care to women, wealthier societies like
Israel and the United States are increasingly using sophisticated technologies to identify those at
greatest risk in an effort to thwart the disease before it gets started. Several American Jewish
organizations have recently undertaken a campaign to raise awareness about the genetic
susceptibility to breast and ovarian cancer among Ashkenazi Jews.

The cancer divide here in Israel is more ethnic than economic. Will only Ashkenazi Jews be
routinely tested? Though they are much more likely to carry one of the common harmful mutations
in the BRCA1 and BRCA2 genes, Israel is a melting pot of both Arab citizens and Jews from all over
the world, and only half of the country’s six million Jews are of Ashkenazi ancestry.

Under the proposal being put forward by some Israeli geneticists, it is likely that Israeli Arab
citizens and Jews of Sephardic ancestry — whose families originate in North Africa and the Middle
East — would not routinely be included among those screened for BRCA mutations, a point of
contention in a country where a social and ethnic rift already divides Sephardic and Ashkenazi
Jews.

Families of Iraqi origin, like Ms. Modiano’s, may be covered because of their higher genetic risks.

http://www.aish.com/ci/sam/Genetic_Screening_for_Breast_Cancer_Genes.html
http://www.penncancer.org/basser/sub.cfm?c=54
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She always knew there was cancer in her father’s family. Three of his sisters died of breast cancer at
young ages.

But she was tested for cancer-causing mutations only three years ago after finding out her relatives
were being screened. The result stunned her.

“I thought about what it meant for me, and then I thought, ‘What about my daughters?’ ” Ms.
Modiano said recently, shuddering slightly. “I was petrified. I still am.”

Within three months, Ms. Modiano had a risk-reducing double mastectomy and an operation to
remove her ovaries. But the decisions facing her daughters, both in their 20s, were far more
complicated. Neither was married, and each had a 50 percent chance of carrying the mutation.

Ms. Gattegno, who was in nursing school at the time, decided to be tested.

“I told my boyfriend that if I turned out to be a carrier, I would quit school for a while and we’d
have kids right away,” she said. “And then I’d have a prophylactic mastectomy.”

Difficult Questions

At the Shaare Zedek Medical Center in Jerusalem, Dr. Levy-Lahad, who started one of the first
genetic testing programs in Israel, is among the main champions of universal screening for
Ashkenazi women. She has worked closely with the American scientist who identified the BRCA1
gene, Mary-Claire King.

“If you’re only testing women after they’ve been affected, you’ve lost the game,” Dr. Levy-Lahad
said. “Genetic testing is about prevention.”

She pointed to the risks. One in 40 Ashkenazi women carry a harmful genetic mutation, compared
to less than one in 100 women generally.

Women with these mutations are four to five times more likely to develop aggressive breast
cancers, according to the National Cancer Institute. The disease often comes at an early age and in
both breasts, said Dr. Gad Rennert, the director of Israel’s National Cancer Control Center.

The potential for preventing ovarian cancer, a rarer but more lethal disease, is even greater. The
common harmful mutations found in Ashkenazis are implicated in about 30 percent of ovarian
cancers in Israeli women — and 40 percent or more of cases in women under 60, Dr. Rennert said.

http://www.ncbi.nlm.nih.gov/pubmed/12798717
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Practical and ethical questions abound. Should men — who are just as likely to pass the mutations
to their children and who are themselves at increased risk for some cancers — also be tested? Will
ultra-Orthodox Jews participate in screening, knowing a positive test could hurt their family’s
chances of making a good marriage match?

Identifying people as carriers can change their perceptions of themselves and the way they envision
their futures, said Dr. Gail P. Jarvik, the head of the division of medical genetics at University of
Washington Medical Center in Seattle.

Even though the testing would be voluntary, women could feel pressured to participate, said
Barbara A. Koenig, a professor of medical anthropology and bioethics at the University of
California, San Francisco. “When you institute mass screening, you’re making a collective decision
that this is a good thing.”

There are also lingering scientific questions. While much is known about the three common
Ashkenazi BRCA1 and BRCA2 mutations, the risk they confer varies. Some families may have other
genetic factors that modify their risk, which explains why some carriers never develop cancer while
others die in their 20s.

Women identified as mutation carriers are showered with resources for early detection and
prevention. These women’s risk for developing breast cancer ranges from 45 to 65 percent or
higher, depending on family history, and their risk for ovarian cancer can be as high as 39 percent.

Routine mammography screening for most Israeli women starts at 50, but carriers are eligible for
frequent clinical breast exams and expensive magnetic resonance imaging of the breast, all covered
by national health insurance. They are also eligible for regular blood tests and vaginal ultrasounds
to screen for ovarian cancer.

Cultural Obstacles

Many Israeli women who have the harmful mutations complain that male doctors display sexist
attitudes about the importance of breasts and are loath to do mastectomies on healthy women.

Dr. Moshe Inbar, an outspoken oncologist in Tel Aviv who opposes preventive mastectomies, has
said that a woman cannot have an orgasm after her breasts are removed, an assertion not
supported by evidence.

“Would you like to live without your breasts?” Dr. Inbar, the director of the oncology division at Tel

http://www.cancer.gov/cancertopics/factsheet/Risk/BRCA
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Aviv Sourasky Medical Center, asked. “I try to dissuade women from doing this. Surgery is not
something that should be done on patient demand; it should be done when indicated.”

While more than a third of American women carrying the harmful genetic mutations choose
preventive mastectomies, only 4 percent of Israeli women do, according to a 2008 International
Journal of Cancer study that compared risk-reducing procedures for samples of BRCA1 and BRCA2
mutation carriers in Canada, the United States, Israel and six European countries.

By contrast, well over half the carriers in all countries but Poland had their ovaries removed, a
procedure that also reduces breast cancer risk.

But there are signs that attitudes are beginning to change here, as women take to the Internet to
research their options, challenge the medical profession and shop for doctors.

Tamar Horesh, 35, a computer programmer from central Israel, has vivid memories of her
mother’s painful death from ovarian cancer at 51.

When Ms. Horesh tested positive for a BRCA1 mutation, she said her husband supported her
decision to surgically remove her ovaries and breasts. They had three young children to raise.

Finding a doctor to do it was another matter.

“The first doctor I went to said I was insane, and he said, ‘If you have brain cancer, are you going to
chop off your head?’ ” said Ms. Horesh. “The second doctor said that he noticed I had a small chest,
and he thought I just wanted an excuse to have my breasts enlarged.”

A third doctor told her what many women hear, “Come back when you have cancer,” and “Nobody
dies of breast cancer nowadays.”

In fact, some 900 Israeli women die of breast cancer each year, according to the Israel Cancer
Association.

Ms. Horesh eventually got referrals from Bracha, a group founded to raise awareness by Lisa
Cohen, who has a BRCA mutation.

Ms. Cohen’s mother died of cancer at 49, and then her sister, who had four young children, died at
36. “I felt like I was going to be next in line,” said Ms. Cohen, a divorced mother of three who was
determined to stay alive for her children.

http://www.ncbi.nlm.nih.gov/pubmed/18196574
http://en.cancer.org.il/
http://www.bracha.org.il/
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A Personal Decision

Hadas Modiano, a university student in Jerusalem, is waiting a couple of years before she seriously
considers being tested as her mother insists. But her mother’s example has given her strength.

“I think I’m not as scared as I might have been because I saw what my mother went through,” she
said. “It was hard, but she has managed and overcome.”

But for many women, the choices are harrowing. A Tel Aviv lawyer, 43, who asked that her name
not be used to protect her privacy, was devastated when she found out at 26 that she had one of the
bad mutations.

The lawyer, who was only 4 when her mother died of breast cancer, said she was among the first to
line up for the genetic test when it became available in Israel in the 1990s.

“You may think you’re prepared for this information, but you aren’t,” she said. “My blood went cold
when I found out.” Afterward, she said she realized, “The only solutions are so radical —
amputating parts of your body.”

When she first met the man who became her husband, she told him that she could never marry or
have children. He convinced her otherwise. She goes for frequent scans and checkups but
postponed having a mastectomy so she could breast-feed their children.

She chose to become pregnant through in vitro fertilization so female embryos that did not carry
harmful mutations could be selected in the lab.

“Finally, there was something positive to do with the information,” she said.

Preventive surgeries are not always successful. Tali Shalev had what was supposed to be a
preventive double mastectomy, but pathologists found a cancerous lesion in the removed breast
tissue. “I’m an example of someone who did everything possible,” said Ms. Shalev, 40, who has
three children.

The dilemmas of genetic testing are compounded in the ultra-Orthodox community, where the
emphasis on modesty often dampens open discussion.

Still, Tziporah, 38, a Canadian-born Orthodox mother of seven who now lives in Israel, talks
openly about her experience because she wants to reach other religious women. Tziporah, who goes
by her nickname, Tzippy, asked that her last name not be used to protect the privacy of her
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extended family members, who also may carry the gene. Her mother died of breast cancer at 42,
when she was 5, and when Tzippy was pregnant with her last child a few years ago, she tested
positive for a BRCA1 mutation.

She sought advice from several rabbis about whether she should go forward with risk-reducing
surgeries. They reassured her that preserving life is one of the supreme values of Judaism.

So three years ago, after her youngest child was born, she had her breasts and ovaries removed.
The operations were grueling, but she said she wanted to make sure her children would not suffer
the same loss she had. And she said she felt she had a mission to encourage other women to be
tested.

“You know why God did this to me?” she said. “Because I’ve got a really big mouth.”

So she is spreading the word within the Orthodox community that genetic screening can save lives.

“Women don’t have to be dying on their kids,” she said.
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January 4, 2014

Why Everyone Seems to Have Cancer
By GEORGE JOHNSON

EVERY New Year when the government publishes its Report to the Nation on the Status of Cancer,
it is followed by a familiar lament. We are losing the war against cancer.

Half a century ago, the story goes, a person was far more likely to die from heart disease. Now
cancer is on the verge of overtaking it as the No. 1 cause of death.

Troubling as this sounds, the comparison is unfair. Cancer is, by far, the harder problem — a
condition deeply ingrained in the nature of evolution and multicellular life. Given that obstacle,
cancer researchers are fighting and even winning smaller battles: reducing the death toll from
childhood cancers and preventing — and sometimes curing — cancers that strike people in their
prime. But when it comes to diseases of the elderly, there can be no decisive victory. This is, in the
end, a zero-sum game.

The rhetoric about the war on cancer implies that with enough money and determination, science
might reduce cancer mortality as dramatically as it has with other leading killers — one more notch
in medicine’s belt. But what, then, would we die from? Heart disease and cancer are primarily
diseases of aging. Fewer people succumbing to one means more people living long enough to die
from the other.

The newest cancer report, which came out in mid-December, put the best possible face on things. If
one accounts for the advancing age of the population — with the graying of the baby boomers,
death itself is on the rise — cancer mortality has actually been decreasing bit by bit in recent
decades. But the decline has been modest compared with other threats.

A graph from the Centers for Disease Control and Prevention tells the story. There are two lines
representing the age-adjusted mortality rate from heart disease and from cancer. In 1958 when the
diagram begins, the line for heart disease is decisively on top. But it plunges by 68 percent while
cancer declines so slowly — by only about 10 percent — that the slope appears far less significant.

Measuring from 1990, when tobacco had finished the worst of its damage and cancer deaths were

http://www.nytimes.com/adx/bin/adx_click.html?type=goto&opzn&page=www.nytimes.com/printer-friendly&pos=Position1&sn2=336c557e/4f3dd5d2&sn1=32a2f9db/e520decb&camp=FoxSearchlight_AT2014-1911218B-nyt5&ad=GrandBudapestHotel.120x60.gif&goto=http%3A%2F%2Fwww%2Egrandbudapesthotel%2Ecom%2F
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peaking, the difference is somewhat less pronounced: a decline of 44 percent for heart disease and
20 percent for cancer. But as the collision course continues, cancer seems insistent on becoming
the one left standing — death’s final resort. (The wild card in the equation is death from
complications of Alzheimer’s disease, which has been advancing year after year.)

Though not exactly consoling, the fact that we have reached this standoff is a kind of success. A
century ago average life expectancy at birth was in the low to mid-50s. Now it is almost 79, and if
you make it to 65 you’re likely to live into your mid-80s. The median age of cancer death is 72. We
live long enough for it to get us.

The diseases that once killed earlier in life — bubonic plague, smallpox, influenza, tuberculosis —
were easier obstacles. For each there was a single infectious agent, a precise cause that could be
confronted. Even AIDS is being managed more and more as a chronic condition.

Progress against heart disease has been slower. But the toll has been steadily reduced, or pushed
further into the future, with diet, exercise and medicines that help control blood pressure and
cholesterol. When difficulties do arise they can often be treated as mechanical problems — clogged
piping, worn-out valves — for which there may be a temporary fix.

Because of these interventions, people between 55 and 84 are increasingly more likely to die from
cancer than from heart disease. For those who live beyond that age, the tables reverse, with heart
disease gaining the upper hand. But year by year, as more failing hearts can be repaired or
replaced, cancer has been slowly closing the gap.

For the oldest among us, the two killers are fighting to a draw. But there are reasons to believe that
cancer will remain the most resistant. It is not so much a disease as a phenomenon, the result of a
basic evolutionary compromise. As a body lives and grows, its cells are constantly dividing, copying
their DNA — this vast genetic library — and bequeathing it to the daughter cells. They in turn pass
it to their own progeny: copies of copies of copies. Along the way, errors inevitably occur. Some are
caused by carcinogens but most are random misprints.

Over the eons, cells have developed complex mechanisms that identify and correct many of the
glitches. But the process is not perfect, nor can it ever be. Mutations are the engine of evolution.
Without them we never would have evolved. The trade-off is that every so often a certain
combination will give an individual cell too much power. It begins to evolve independently of the
rest of the body. Like a new species thriving in an ecosystem, it grows into a cancerous tumor. For
that there can be no easy fix.

http://health.nytimes.com/health/guides/disease/alzheimers-disease/overview.html?inline=nyt-classifier
http://health.nytimes.com/health/guides/disease/plague/overview.html?inline=nyt-classifier
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These microscopic rebellions have been happening for at least half a billion years, since the advent
of complex multicellular life — collectives of cells that must work together, holding back, as best
each can, the natural tendency to proliferate. Those that do not — the cancer cells — are doing, in a
Darwinian sense, what they are supposed to do: mutating, evolving and increasing in fitness
compared with their neighbors, the better behaved cells of the body. And these are left at a
competitive disadvantage, shackled by a compulsion to obey the rules.

As people age their cells amass more potentially cancerous mutations. Given a long enough life,
cancer will eventually kill you — unless you die first of something else. That would be true even in a
world free from carcinogens and equipped with the most powerful medical technology.

Faced with this inevitability, there have been encouraging reductions in the death toll from
childhood cancer, with mortality falling by more than half since 1975. For older people, some early-
stage cancers — those that have not learned to colonize other parts of the body — can be cured with
a combination of chemicals, radiation therapy and surgery. Others can be held in check for years,
sometimes indefinitely. But the most virulent cancers have evolved such wily subterfuges (a
survival instinct of their own) that they usually prevail. Progress is often measured in a few extra
months of life.

OVER all, the most encouraging gains are coming from prevention. Worldwide, some 15 to 20
percent of cancers are believed to be caused by infectious agents. With improvements in
refrigeration and public sanitation, stomach cancer, which is linked to Helicobacter pylori bacteria,
has been significantly reduced, especially in more developed parts of the world. Vaccines against
human papilloma virus have the potential of nearly eliminating cervical cancer.

Where antismoking campaigns are successful, lung cancer, which has accounted for almost 30
percent of cancer deaths in the United States, is steadily diminishing. More progress can be made
with improvements in screening and by reducing the incidence of obesity, a metabolic imbalance
that, along with diabetes, gives cancer an edge.

Surprisingly, only a small percentage of cancers have been traced to the thousands of synthetic
chemicals that industry has added to the environment. As regulations are further tightened, cancer
rates are being reduced a little more.

Most of the progress has been in richer countries. With enough political will the effort can be taken
to poorer parts of the world. In the United States, racial disparities in cancer rates must be
addressed. But there is a long way to go. For most cancers the only identifiable cause is entropy,
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the random genetic mutations that are an inevitable part of multicellular life.

Advances in the science will continue. For some cancers, new immune system therapies that
bolster the body’s own defenses have shown glints of promise. Genomic scans determining a
cancer’s precise genetic signature, nano robots that repair and reverse cellular damage — there are
always new possibilities to explore.

Maybe someday some of us will live to be 200. But barring an elixir for immortality, a body will
come to a point where it has outwitted every peril life has thrown at it. And for each added year,
more mutations will have accumulated. If the heart holds out, then waiting at the end will be
cancer.

George Johnson is a former reporter and editor at The New York Times and the author of “The Cancer

Chronicles.”
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December 9, 2012

In Girl’s Last Hope, Altered Immune Cells
Beat Leukemia
By DENISE GRADY

PHILIPSBURG, Pa. — Emma Whitehead has been bounding around the house lately, practicing
somersaults and rugby-style tumbles that make her parents wince.

It is hard to believe, but last spring Emma, then 6, was near death from leukemia. She had relapsed
twice after chemotherapy, and doctors had run out of options.

Desperate to save her, her parents sought an experimental treatment at the Children’s Hospital of
Philadelphia, one that had never before been tried in a child, or in anyone with the type of
leukemia Emma had. The experiment, in April, used a disabled form of the virus that causes AIDS
to reprogram Emma’s immune system genetically to kill cancer cells.

The treatment very nearly killed her. But she emerged from it cancer-free, and about seven months
later is still in complete remission. She is the first child and one of the first humans ever in whom
new techniques have achieved a long-sought goal — giving a patient’s own immune system the
lasting ability to fight cancer.

Emma had been ill with acute lymphoblastic leukemia since 2010, when she was 5, said her
parents, Kari and Tom. She is their only child.

She is among just a dozen patients with advanced leukemia to have received the experimental
treatment, which was developed at the University of Pennsylvania. Similar approaches are also
being tried at other centers, including the National Cancer Institute and Memorial Sloan-Kettering
Cancer Center in New York.

“Our goal is to have a cure, but we can’t say that word,” said Dr. Carl June, who leads the research
team at the University of Pennsylvania. He hopes the new treatment will eventually replace bone-
marrow transplantation, an even more arduous, risky and expensive procedure that is now the last
hope when other treatments fail in leukemia and related diseases.

Three adults with chronic leukemia treated at the University of Pennsylvania have also had
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complete remissions, with no signs of disease; two of them have been well for more than two years,
said Dr. David Porter. Four adults improved but did not have full remissions, and one was treated
too recently to evaluate. A child improved and then relapsed. In two adults, the treatment did not
work at all. The Pennsylvania researchers were presenting their results on Sunday and Monday in
Atlanta at a meeting of the American Society of Hematology.

Despite the mixed results, cancer experts not involved with the research say it has tremendous
promise, because even in this early phase of testing it has worked in seemingly hopeless cases. “I
think this is a major breakthrough,” said Dr. Ivan Borrello, a cancer expert and associate professor
of medicine at the Johns Hopkins University School of Medicine.

Dr. John Wagner, the director of pediatric blood and marrow transplantation at the University of
Minnesota, called the Pennsylvania results “phenomenal” and said they were “what we’ve all been
working and hoping for but not seeing to this extent.”

A major drug company, Novartis, is betting on the Pennsylvania team and has committed $20
million to building a research center on the university’s campus to bring the treatment to market.

Hervé Hoppenot, the president of Novartis Oncology, called the research “fantastic” and said it had
the potential — if the early results held up — to revolutionize the treatment of leukemia and related
blood cancers. Researchers say the same approach, reprogramming the patient’s immune system,
may also eventually be used against tumors like breast and prostate cancer.

To perform the treatment, doctors remove millions of the patient’s T-cells — a type of white blood
cell — and insert new genes that enable the T-cells to kill cancer cells. The technique employs a
disabled form of H.I.V. because it is very good at carrying genetic material into T-cells. The new
genes program the T-cells to attack B-cells, a normal part of the immune system that turn
malignant in leukemia.

The altered T-cells — called chimeric antigen receptor cells — are then dripped back into the
patient’s veins, and if all goes well they multiply and start destroying the cancer.

The T-cells home in on a protein called CD-19 that is found on the surface of most B-cells, whether
they are healthy or malignant.

A sign that the treatment is working is that the patient becomes terribly ill, with raging fevers and
chills — a reaction that oncologists call “shake and bake,” Dr. June said. Its medical name is
cytokine-release syndrome, or cytokine storm, referring to the natural chemicals that pour out of
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cells in the immune system as they are being activated, causing fevers and other symptoms. The
storm can also flood the lungs and cause perilous drops in blood pressure — effects that nearly
killed Emma.

Steroids sometimes ease the reaction, but they did not help Emma. Her temperature hit 105. She
wound up on a ventilator, unconscious and swollen almost beyond recognition, surrounded by
friends and family who had come to say goodbye.

But at the 11th hour, a battery of blood tests gave the researchers a clue as to what might help save
Emma: her level of one of the cytokines, interleukin-6 or IL-6, had shot up a thousandfold. Doctors
had never seen such a spike before and thought it might be what was making her so sick.

Dr. June knew that a drug could lower IL-6 — his daughter takes it for rheumatoid arthritis. It had
never been used for a crisis like Emma’s, but there was little to lose. Her oncologist, Dr. Stephan A.
Grupp, ordered the drug. The response, he said, was “amazing.”

Within hours, Emma began to stabilize. She woke up a week later, on May 2, the day she turned 7;
the intensive-care staff sang “Happy Birthday.”

Since then, the research team has used the same drug, tocilizumab, in several other patients.

In patients with lasting remissions after the treatment, the altered T-cells persist in the
bloodstream, though in smaller numbers than when they were fighting the disease. Some patients
have had the cells for years.

Dr. Michel Sadelain, who conducts similar studies at the Sloan-Kettering Institute, said: “These T-
cells are living drugs. With a pill, you take it, it’s eliminated from your body and you have to take it
again.” But T-cells, he said, “could potentially be given only once, maybe only once or twice or three
times.”

The Pennsylvania researchers said they were surprised to find any big drug company interested in
their work, because a new batch of T-cells must be created for each patient — a far cry from the
familiar commercial strategy of developing products like Viagra or cholesterol medicines, in which
millions of people take the same drug.

But Mr. Hoppenot said Novartis was taking a different path with cancer drugs, looking for
treatments that would have a big, unmistakable impact on a small number of patients. Such home-
run drugs can be approved more quickly and efficiently, he said, with smaller studies than are
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needed for drugs with less obvious benefits.

“The economic model is totally acceptable,” Mr. Hoppenot said.

But such drugs tend to be extremely expensive. A prime example is the Novartis drug Gleevec,
which won rapid approval in 2001 for use against certain types of leukemia and gastrointestinal
tumors. It can cost more than $5,000 a month, depending on the dosage.

Dr. June said that producing engineered T-cells costs about $20,000 per patient — far less than
the cost of a bone-marrow transplant. Scaling up the procedure should make it even less expensive,
he said, but he added, “Our costs do not include any profit margin, facility depreciation costs or
other clinical care costs, and other research costs.”

The research is still in its early stages, and many questions remain. The researchers are not entirely
sure why the treatment works, or why it sometimes fails. One patient had a remission after being
treated only twice, and even then the reaction was so delayed that it took the researchers by
surprise. For the patients who had no response whatsoever, the team suspects a flawed batch of T-
cells. The child who had a temporary remission apparently relapsed because not all of her leukemic
cells had the marker that was targeted by the altered T-cells.

It is not clear whether a patient’s body needs the altered T-cells forever. The cells do have a
drawback: they destroy healthy B-cells as well as cancerous ones, leaving patients vulnerable to
certain types of infections, so Emma and the other patients need regular treatments with immune
globulins to prevent illness.

So far, her parents say, Emma seems to have taken it all in stride. She went back to school this year
with her second-grade classmates, and though her grades are high and she reads about 50 books a
month, she insists impishly that her favorite subjects are lunch and recess.

“It’s time for her to be a kid again and get her childhood back,” Mr. Whitehead said.
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An accumulation of genetic defects can apparently 

cause normal cells to become cancerous and cancerous 
cells to become increasingly dangerous
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  











    

       











   




  







   
















    







    



 





       



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
     









    






  







    
    



 



 






     









   










   



 


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