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Enhancing the body’s own immune
system is leading to promising results
in the battle against malignancy

#

By Karen Weintraub

IX BRIES
A new generation of treatments that boost the immune sys- lymphoma, have been treated—and many of them have
tem’s ahility to fight and control malignant cells indefinitely  seemingly been cured. :
have achieved remarkable results over the past five years. Investigators are developing new regimens and combina-
Thousands of people with aggressive and advanced lung  tions of treatments that may prove safer and more effective
and skin cancers, as well as various kinds of leukemia and  than current approaches in the next few years.
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F MICHELLE
BOYER.

sis of advanced and aggressive skin cancer in 2010 instead of
2013, she would almost certainly be dead by now. Melanoma, the
most lethal form of skin malignancy, had spread from a mole on
her back to her lungs, and she knew her prognosis was grim. But
beginning in May 2013, the 29-year-old Seattle resident started a
series of revolutionary treatments—some of which first became
available in 2011—that prompted her immune system to identify,
attack and shrink the tumors. Although Boyer still has cancer
and the immune-boosting drugs have taken a toll on her body,
she is grateful to be alive and hopes that either her current
course of therapy or the next one will eventually give her the
kind of miraculous results that other patients have talked about
on the Internet. “At this point, this is my life,” she says. “People
think it would be really hard to stay positive, but because to me it
seems normal, it’s not as much effort as you would think.”

Karen Koehler, 59, a retired special education teacher from
Park Ridge, N.J., may have won the immunotherapy jackpot on
her first try. She has apparently been cured of a different kind of
cancer—in her case leukemia—after a single infusion, in early
2015, with some of her own immune cells that had been geneti-
cally altered to fight her malignancy more aggressively. The treat-
ment, which lasted a couple of hours, landed her in intensive care
for several days because her revved-up immune system shifted so
far into overdrive. This setback was followed by weeks in a regu-
lar hospital bed. But within a month after her treatment, scans
showed no signs of cancer anywhere in her body.

Boyer and Koehler are two of the thousands of cancer patients
who have undergone various kinds of immunotherapy over the
Ppast five years. Their experiences illustrate both the promise and
the challenges of this fundamentally new approach to treating
cancer—one that, instead of dousing the body with toxic chemi-
cals or radiation from the outside to kill cancer cells, energizes the
complex and highly interactive cells and molecular signals of its
defense networks to do the job from the inside. The results so far
have been encouraging; immunotherapy is quickly becoming a
pillar—along with surgery, radiation and chemotherapy—of treat-
ment for some cancers.

In clinical trials of a new immunotherapy for a highly aggres-
sive form of leukemia, 90 percent of patients underwent a com-
plete remission: doctors could find no evidence of their disease
anywhere in their bodies. Although some may eventually suffer a
return of their cancer, for many others the response appears to
be a permanent cure. In other trials, more than half of patients
with advanced melanoma who received immunotherapy can
now count their life expectancy in years instead of months. Im-
munotherapy, says Gary Gilliland, president and director of the
Fred Hutchinson Cancer Research Center in Seattle, “is truly par-
adigm shifting in our approach to treating cancer.”
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These are, admittedly, still early days. Increasing life expec-
tancy to a few years for some cancers still means that patients
die of the disease. So scientists continue to experiment with dif-
ferent ways to unleash and boost the immune response, includ-
ing vaccines, viruses, genetically engineered cells and pills [see
boxes on pages 46 and 50]. They are also beginning to combine
these approaches to see if they can help more patients, perhaps
with fewer side effects. But there is no longer any doubt that
physicians can tap the immune system to beat cancer at least
some of the time. “[We are at] the end of the beginning” of the
immunotherapy story, says Eric Rubin, vice president of global
clinical oncology for Merck Research Laboratories.

LIQUID SUCCESS

THE DREAM of fighting cancer with the immure system dates
back at least 125 years to William Coley of New York City, a phy-
sician who injected some of his cancer patients with bacteria in
an effort to jump-start their body’s natural healing powers. Col-
ey’s approach was taken up by a few other doctors initially. But
it gradually fell out of favor after his death in 1936, to be re-
placed by advances in chemotherapy and later hormone and an-
tibody treatments, which showed more consistent results on a
larger number of patients.

The idea of boosting the immune system, however, has never
entirely lost its appeal, promoted in part by the Cancer Research
Institute, a New York City-based philanthropy started in 1953 by
Coley’s daughter. In recent decades, as molecular biology has en-
hanced researchers’ understanding of the immune system, how it
works and when it fails, cancer investigators have restocked their
arsenal with more potent immunological weapons.

Among the most attractive targets for those weapons have
been cancers of the circulatory and lymphatic systems, such as
leukemia and lymphoma. These diseases occur when various
kinds of progenitor cells called stem cells, which normally give
rise to red and white blood cells (among other tissues), instead
mutate and grow uncontrollably, crowding out healthy cells and
robbing the body of their vital functions. Many of these so-called
liquid tumors form when something goes wrong with a part of
the immune system called B cells. Normally B cells generate an-
tibodies against bacteria and viruses. (B cells also help to coor-
dinate various other immune responses, along with another
group of cells called Tcells.) But when B cells become cancerous,
they destroy the body from the inside out.

In the late 20th century investigators developed the biological
equivalent of a guided missile that attached itself to a B cell pro-
tein (CD20) found on the surface of these cells at a specific, late
stage of their existence. Dubbed rituximab, this so-called mono-
clonal antibody signaled the T cells to do something they do not
usually do: attack and destroy these older, CD20-bearing B cells.



Photograph by Annie Marie Musselman

MICHELLE BOYER learned in 2013 that she had advanced skin cancer. After six courses of immuno-
therapy, she is still not cured but is living longer than her doctors initially thought possible.
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The problem was that CD20 is not a cancer-specific marker.  with the T cell-targeting AIDS virus tragically demonstrates.)
It appears on normal B cells as well as dangerous ones. So the  And after the drug wore off, most patients eventually started
drug killed both healthy and cancerous B cells. It turns out, making B cells on their own again from the stockpile of stem
however, that most people can live without B cells. (The sameis  cells in their bone marrow. Clinical trials in the 1990s demon-
not true of T cells, as the death of millions of people infected  strated that the combination of chemotherapy and rituximab
was particularly effective against B cell-

based cancers.

A VACCINE FOR CANCER? | Koehler's leukemia originated with

mutated B cells, but rituximab made her

Targeting cancer cells using their own DNA very sick and seemed only partially effec-
could help eliminate tumors and prevent recurrences tive, 50 she stopped taking it. In addition,

tests indicated her cancer would resist
By Beatriz M. Carreno and Elaine R. Mardis standard chemotherapy. Because her ma-

lignancy was rapidly getting worse, her
doctors suggested an experimental im-
mune treatment custom-designed to
fight her form of leukemia. She agreed.

The goal of the new treatment was to
destroy all of Koehler’s B cells, as ritux-
imab would, but with two key differences.
A different protein (CD19) on the B cells
was the objective. And rather than using
an added drug to paint a target on that
protein for T cells that were already in
Koehler’s body, doctors took a more di-
rect approach. They removed some of her
T cells and genetically engineered them
to attack CD19 automatically, without
any prompting.

Investigators call these turbocharged
cells chimeric antigen receptor T cells, or
CAR-T. They display some of the charac-
teristics of both Teells and B cells in much
the same way that ancient mythological
creatures called chimeras were supposed
to be made up of different animals. CAR-T
therapy is still experimental, but the Food
and Drug Administration is expected to
consider approving the treatment for gen-

For more than a decade researchers have been trying to supercharge human defense
systems against cancer with the help of a vaccine. These injections are not designed to
prevent cancer from starting. Instead they provide patients’ immune system with intel
on what the enemy—cancer cells—looks like. Ordinarily, cancerous cells do not lack
different enough from normal cells to trigger an immune system response, but we have
figured out ways to highlight and target some of the proteins that are
unique to these malignancies.

Human cells are covered in so-called seli-proteins that serve as iden-
tifying markers for the immune system. Like an ID card, they let the body
know whether a substance belongs in the body and should not be at-
tacked. Unfortunately, those proteins also dot the exterior of cancerous
cells. Earlier cancer vaccine efforts, by our team and others, may have failed
because they primed the immune system to look for proteins present—
though at different levels—on both.

Recently, however, our team has managed to home in on pro-
Beatriz M. Carreno is teins that are unique to the malignancies by scouring genome
anassociate professor sequences of a patient’s normal tissue and a tumor to identify pro-
ofmedicine at Washington  taing exclusive to the cancer. Then we study which cancer-specific
g;;'iv:fg l::aS:cIiiLsoiiI;ob— proteins spark a strong response from immune molecules charged
artE and Leiise E Diifii with directing the body’s response to foreign substances, called
Distinguished Professorof ~ major histocompatibility complex proteins, or MHCs. Using that
Medicineand co-director  information, we can create personalized vaccines that include
of the McDonnell Genome MHC-containing dendritic cells from the patient that will grab
Institute at Washington the cancer proteins and present them to the immune system.

University in St. Louis. : k
Rt Catteinoaid Marids That stimulus helps to generate antiturmnor T cell responses and

i marks cancer cells bearing those specific proteins for destruction.
stucy how human immu o S el eral use sometime next year.
nology and cancer genom- Last year we tried this approach with three melanoma The (D19 ting CARCT cell i
ics may improve therapies patients. As we wrote in Science, we found seven cancer-specific lied € 5 I;I:ant.‘ge_sngK hl- ::eb sdmuh i
directed at cancer proteins that would bind to each patient’s MHC molecules. HASCS0 G ICSy MSHIE soetiert bodyTha:

the single bag of modified cells that she re-
ceived on February 10, 2015, knocked out
all her B cells. Unlike other patients, how-
ever, her body scems to have forgotten
how to make healthy B cells. Fortunately,
there is a work-around: every month she
gets an hours-long infusion of artificial an-
tibodies, called gamma globulin, to help
protect her against infection. The infu-
sions are a time-consuming hassle, she
says, but “it’s not chemo, so I'll take it.”
CAR-T therapy did hit Koehler with
something that can be worse than che-
mo’s nausea—a. storm called cytokine re-
lease syndrome. This reaction occurs

e~ V/.1c11 many more T cells than usual are

activated at once—triggering a flood of

We were thrilled to see a response in all three subjects: three
of the seven proteins were recognized by the patients' T cells, and those T cells attacked
the patients’ cancer cells.

Ayear later the patients’ immune system continued producing antitumor T cells in the
blood, suggesting that our vaccines could fight off tumor recurrences. (Two of our patients’
tumors shrunk or stabilized, but because they received other therapies, too, we do not
know what helped.) To date, all three patients are alive and stable and show no negative
side effects from the vaccine.

Our work is still in its early days. We first selected melanoma to treat because it is
a cancer with many mutations and protein targets, but we plan to test this approach with
other cancers, too. Before our method could become part of routine cancer therapy, we
would need to study how it affects tumors long term and speed up our vaceine production
time. Eventually we would like to use these vaccines to complement other cancer immuno-
therapies, Ultimately, we hope, vaccines will give patients a better shot against cancer.

46 Scientific American, April 2016
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KAREN KOEHLER remains free of cancer a year after receiving an infusion of her own
immune cells, which had been genetically engineered to eradicate her leukemia.

chemical signals, called cytokines, that the immune system uses
to communicate. The result can be a life-threatening frenzy of
activity, in which immune cells destroy healthy tissues, causing
multiorgan failure.

For Koehler, the storm came on hard and fast. She felt terri-
ble within an hour of receiving her own altered T cells. By that
night she was in intensive care where she remained for eight
days—half of that time she was in a coma and totally unrespon-
sive. She has no memory of what transpired then but can recall
the hallucinations of a few days later, when she asked nurses for
help packing lunch for a pair of famous golfers. Kochler has
been addicted to golf since 1999, when she took it up as a way to
meet men, including the man who later became her husband.

By the time Koehler got out of the hospital in early March
2015, she was incredibly weak but rebounding fast. A bone mar-
row test showed no evidence of cancer, and three weeks after
that she was back on the golf course with her husband. The eyto-
kine storm was terrible, but unlike chemo, the effects subsided
within a few weeks and did not cause her to lose her hair. For-
tunately, given that cytokine storms are fairly common with

Photograph by Amy Eckert

CAR-Tcell treatments, physicians have be-
gun to learn just how far to push patients
like Koehler to get the greatest benefit
without risking their lives.

CAR-T cell therapy must be custom-
designed and produced for each patient.
Manufacturing them for all the leukemia
and lymphoma patients who might want
them will be a challenge, as well as ex-
traordinarily expensive—although it is too
soon to know exactly how much CAR-Ts
will cost because they have been used only
in academic research so far. Robert Preti,
founder of PCT, a CAR-T manufacturer, is
working to improve the production pro-
cess; he believes these are mainly engi-
neering issues that will be solved with a
few more years of hard work.

The other major challenge facing
CAR-T treatment is translating its success
from liquid cancers to solid tumors—the
kind that forms lumps in the breast, pros-
tate, lung, skin and other tissues. One
stumbling block is that CAR-T cells have a
hard time leaving the bloodstream to find
a solid tumor, explains Ira Mellman, who
is vice president of cancer immunology at
Genentech. In the blood, the liguid tumor
cells are relatively easy to locate. Even
more crucial, whereas CAR-Ts can elimi-
nate B cells in blood and lymph cancers,
there is no comparable cell in solid tumors
that patients can live without.

SOLID STATE

SOLID TUMORS pose other difficulties for
immune treatments. They are often sur-
rounded by a matrix of connective and
other tissues, which blocks cells from en-
termg the malignant mass. In addition, the internal pressure of
a solid tumor is typically higher than its surroundings, which
tends to flush out the chemical signals that the immune system
uses to flag aberrant cells—not to mention many drugs.

Yet these tumors have shown some vulnerability. In 2011 the
FDA approved a monoclonal antibody called ipilimumab to treat
advanced cases of melanoma. Unlike traditional therapy, ipili-
mumab is not designed to kill tumors directly; rather it releases
the biological brakes that some cancers are able to clamp on the
immune system, freeing the body’s defenses to do a better job.

Melanoma has a nasty habit of defrauding immune system
cells. The clumps of cancer cells have an assortment of mal-
formed proteins on the surface, which T cells are supposed to
spot, swarm around and destroy before the aberrant growth has
a chance to get any bigger. But every now and then a nascent tu-
mor develops a way to send out chemical signals that tell the
T cells that all is well and to stand down their attack.

In effect, the cancer cells have hijacked a normal feature of
the immune system: a safety mechanism that tamps down the
body’s rampaging defense cells before they start damaging
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NEW CANCER TREATMENTS

THREE IMMUNE STRATEGIES

Surgery, radiation and chemotherapy have long served
as the standard treatments against cancer. But clinical trials
over the past five years have shown that supercharging the
body’s immune cells—which evolved to fight harmful bag-
teria and viruses, among other things—offers a powerful
new additien to the mix by helping the cells to find

and destroy tumors. The approaches shown

here are being tested alone or in combi-

nation with other treatments.

Checkpoint Inhibitors

How is
immunotherapy
changing the treatment
of solid tumors?
Cancers of the skin, lungs and other tissues
are called solid tumors because they form
amass that creates its own protective
environment, Checkpoint inhibitors
help to disrupt this environment,
eliminating advanced skin tumors
for one in five patients
in clinical trials.

Normal
checkpoint
detector

protein

Tumer protein
that quiets
Tcells

Left unchecked, immune responses
can be so powerful that they will
destroy healthy tissue. Thus,
specialized immune cells called

T cells must pass several biological
checkpoints before achieving full
strength. Cancer cells often act on
these checkpoints in a way that
prevents the immune system from
attacking the tumor. New drugs—
called checkpoint inhibitors—
disable the cancer cells' immune-
dampening signals, allowing the
immune system to do its job.

Dendritic Cell Vaceine
Dendritic cells normally patrol the
body looking for bits of proteins called
antigens that look unfamiliar. They
present the offending antigens to
other immune defenders, known as
CD4+and CD8+ T cells. The T cells
then attack any other cells that bear
the targeted antigen. By choosing
antigens found on cancer cells but
not on healthy ones and mixing

the antigens with a patient’s own
dendritic cells outside the body,
researchers create a kind of vaccine
that will seek out and destray those
same cancer cells for years to come.

CAR-T Cells

Chimeric antigen receptor (CAR} T
cells combine attributes of two types
of immune defenders: T cellsand B
cells. Molecules called receptors found
on a CAR-T cell look like a hybrid of
receptors on B cells and T cells, The
CAR protein allows this unusual cell
to both latch onto select antigens and
destroy any cells that bear the target
antigen. This mishmash eliminates
intermediate steps typically taken

by Band T cells, making CAR-T cells
virtually unstoppable.
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Many cancer cells hide from the
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blueprints of malignant and
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Liquid tumors are cancers (such as
lymphomas and leukemias) that form in the
blood and lymphatic system. CAR-T cells travel
easily in the blood, where these malignant
cells are often found, wiping out every
trace of cancer in as many as 90
percent of patients studied with
anaggressive leukemia.
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healthy tissue. More specifically, this safety mechanism consists
of a series of checkpoints, or gateways, that either rally defense
cells to attack or turn them off, depending on which chemical
signals are present. (If the checkpoints ever got stuck in the
“open” position, the ensuing immune reaction would likely kill a
person faster than any malignant growth could.) By producing
proteins that block the checkpoint system, cancer cells prevent
the immune system from ever ramping up to fight off cancer.
Blocking that false signal with ipilimumab or other so-called
checkpoint inhibitors reawakens the immune cells, allowing
them once again to zero in on their targets.

Ipilimumab soon proved effective in lung cancer as well as
melanoma, and pharmaceutical companies began developing
other drugs that used the same strategy. Former U.S. president
Jimmy Carter, 91, whose melanoma had spread to his brain, took
one such drug, pembrolizumab, and he announced late in 2015
that the drug had cleared all his tumors.

Boyer, on a similar regimen with a similar disease, has not
fared as well. And that is a puzzle. Some researchers speculate
that Carter’s advanced age may have helped him. Older cancer

cells have more mutations, so his immune system may have need-
ed just a single nudge to release the T cells that were already
there. In some patients, in contrast, the T cells may never have
made it into the tumor, and so there was nothing there to un-
block. In other patients, the T cells seem to be in the right place,
but the drug still does not work—perhaps because multiple steps
need to be unjammed. A 2015 study in the New England Journal
of Medicine showed that more melanoma patients did better
when given two checkpoint inhibitors instead of one.

Still, doctors are not good at predicting who will respond to
which checkpoint inhibitor or combination of treatments, and so
Bover and patients like her have to keep experimenting with dif-
ferent therapies. Today just more than 20 percent of advanced
melanoma patients in clinical trials get a complete response from
checkpoint inhibitors, with slightly more than half having some
response. To confuse matters even more, some tumeors that appear
to attract few Teells still respond to checkpoint inhibitors, where-
as the drugs sometimes have no effect on other tumeors that con-
tain lots of Tcells—suggesting the cancer is playing other tricks.

That has made picking an effective solid tumor treatment

GERM WARFARE

Some types of intestinal
bacteria may boost the body’s
ability to fight malignancy

By Maria-Luisa Alegre
and Thomas F. Gajewski

Why do some patients respond well to the
new cancer immunctherapies and others
don't? The genetic components of the
tumors or of the patients may contribute.
Our work and that of other scientists now
also suggest a role for differences in the
makeup of the individuals’ microbiome,
the friendly bacteria that inhabit var-
ious parts of the body.

These bacterial communities,
particularly the ones found in the
intestines, can differ in their constitu-
ent species. Those species, in turn,
influence the strength of a host
immune system's inflammatory
response by mechanisms that are
still incompletely understood. Some
bacteria prompt an inflammatory
overreaction that nudges normal

Maria-Luisa Alegre
is a professor in the

response. Our group, based at the University
of Chicago, studied genetically identical
strains of mice that had different microbi-
omes because they were raised in different
environments. After the mice were injected
with cells from melanoma skin cancer, the
resulting tumors grew slowly in one group
and faster in the other. The mice that showed
slower tumor growth also mounted a stron-
ger immune response against their tumor.
Strikingly, transplanting the microbiome
from mice with slower-growing tumors into
the other mice—we do this by transferring
fecal material between the animals—resulted
in slower-growing tumors in the latter group.
By analyzing the DNA in stool samples
from the two mouse groups, our
team found two bacterial species
from the genus Bifidobacterium that
seemed responsible for improved
antitumor activity. Remarkably, feed-
ing the mice just one strain—either
Bifidobacterium longum or Bifidobacte-
rium breve—was sufficient to boost
the immune system and slow down
tumor growth in recipient
mice. The presence of these
beneficial bacterial strains

cells into becoming cancerous or departmentofmedicineat  even determined how well
mistakenly trains immune cells to the University (_jf Ch'cfigo' one new immunotherapy
ttack healthy tissue in the joints TRgReeEy 4 ~called checkpoint
attack hea ‘y fssuz?fn e joints, as isa professor i the -m.g,-asoca e -c eckpoin
in rheumatoid arthritis. departments of pathology ~ inhibitor [see main text],
Sometimes bacteria might be and of medicine at the worked. The tumors disap-
able to trigger a therapeutic University of Chicago. peared entirely in mice that

were treated with the checkpoint inhibitor
and whose microbiome included the Bifido-
bacterium species; mice lacking Bifidobacteri-
um, however, experienced only a partial
response to the drug but were cured if also
fed the right bacterial strains.

A second team of researchers—based
primarily in France-~conducted a similar
experiment with a different checkpoint
inhibitor. They determined that another bac-
terial genus, Bacteroides, allowed the treated
animals to eliminate injected tumors. Giving
the animals an antibiotic that killed these
microbes rendered the anticancer drug inef-
fective—something that should give doctors
pause, given how many cancer patients
also receive antibiotics. Results from the
French and Chicago groups were published
in November 2015 in Science.

Cbviously we need to categorize the
bacteria in the human microbiome and their
potential antitumor effects more completely
before we can recommend any treatments in
people. Whereas bacteria such as Bifidobac-
teritm seem to have favorable effects, other
strains might allow tumors to grow more
rapidly. (Consuming yogurt to boost immune
treatments might not work either. Yogurt
typically contains Bifidobacterium lactis or
Bifidobacterium bifidum, which may not have
the same effects as the species used in the
recent mouse studies.) Nor would clinicians
want to boost the immune system too much,
lest they trigger autoimmune diseases.

o] 23T (o YT o o] TUTYT:p Watch an animation that shows how selected immune treatments work at ScientificAmerican.com/apr2016/immunotherapy



for a particular individual a matter of trial and error, as Boyer’s
experience illustrates. Two years after surgery to remove the
cancerous mole from her back, she learned that the melanoma
had returned and was spreading throughout her lungs and
chest. Because the growths were now too large to be cut out,
Boyer agreed with her physicians to take part in a clinical trial
at the beginning of 2013 that would inject her with high doses
of interleukin-2 (IL-2), one of dozens of different chemical sig-
nals that help to boost the immune system’s ability to fight can-
cer. At first the drug seemed to stop the growth of Boyer’s tu-
mors, but after three months, scans showed that the cancer was
on the move again.

Bover opted for a second clinical trial, this time pairing the
recently approved checkpoint inhibitor ipilimumab with still an-
other immune-signaling molecule known as IL-21. Within a few
weeks, however, the side effects of the IL-21 treatment (nausea,
diarrhea and unbearable pain) had become so disabling that
Boyer had to stop getting the injections, although she continued
receiving the ipilimumab. By the end of 2013 some of the cancer-
ous spots had started to expand, and so her medical team opted
for radiation to try to limit the growth. By spring of the following
year a few of these tumors were smaller, but new ones had ap-
peared on her head and in her breast.

Surgery dispatched the lump in her breast, and two other im-
mune-boosting therapies seemed to hold the rest of her tumors
in check for a while. By January 2015, however, it became clear
that she needed another plan of action—new spots had begun to
grow in her brain, breast and abdomen. A month later she en-
tered a clinical trial, which combined yet another checkpoint in-
hibitor with a drug that is supposed to slow tumor growth. As
this article went to press, Boyer’s cancerous spots remain stable,
and some of them have even shrunk a little.

There is no denying that so many treatments have battered
Boyer’s body. She spends her nights and many of her days in a
plush loveseat to rest her back. She goes to work as a structural
engineer most mornings on the weeks she has off from her sixth
and current round of treatment. Otherwise she entertains her-
self by playing video games—Call of Duty is her favorite. All told,
however, she does not regret trying six different immunotherapy
regimens so far. “It seems to me that some of these treatments
maybe slowed down the growth a little bit,” she says. One of her
doctors, Boyer remembers, “said part of the game for melanoma
was not necessarily inding the right treatment now, but keeping
yourself alive long enough until they find the right treatment.”
And so she is and so far accepts her current quality of life.

LOOKING AHEAD

BECAUSE BOYER and other patients are living long enough to feel
some contentment, Genentech’s Mellman is excited. For immu-
notherapy, possibilities have begun to turn into actual results in
patients, he says. Investigators no longer worry about whether
their research will eventually help someone; now they can
spend their time making effective treatments better. “We need
to find the boundaries and limitaticns and figure out how to get
around them,” Mellman says, but “this is an ineredibly inspiring
and thrilling way to do science.”

Eventually the process of selecting an immune treatment
will become more logical, he believes. A patient with a solid tu-
mor might first have the tumor biopsied to look for the presence
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of T cells. If enough T cells were in the tumor, the person would
likely be given a single checkpoint inhibitor or maybe several in-
hibitors. (At present, the FDA has approved three checkpoint in-
hibitors, but more than a dozen others are under development.)
If the tumor has not already attracted many Tcells, doctors may
try various other techniques to both drive the immune cells in
and call the immune system’s attention to the abnormal growth
before opening the checkpoints.

Researchers are also considering how to use standard cancer
care, including radiation and chemotherapy, to boost the im-
mune response. Killing a number of tumor cells with lower dos-
es of chemotherapy or radiation should release lots of cellular
debris from the tumor, thereby alerting the immune system to
send Tcells to whatever abnormal growth remains. (Getting the
balance right may be tricky because too much chemotherapy
and radiation have also been shown to suppress parts of the im-
mune system.) Then, the addition of a checkpoint inhibitor
might be able to effectively fight the weakened cancer before it
has a chance to recover. But scientists have only just begun to
test such hypotheses.

Finally, as more and more immunotherapies are approved by
the FDa, they present an entirely different, nonmedical chal-
lenge: price. Combining therapies raises the cost of what are al-
ready quite expensive treatments. The global market for oncolo-
gy drugs is now approaching $100 billion a year, according to
IMS Health, a medical data company, but drug firm executives
acknowledge that insurers and the public will not be willing or
able to indefinitely combine drugs that can run $150,000 or
more per patient. They are looking at manufacturing improve-
ments, lower doses and shorter treatment times, among other
approaches, to lower the eventual cost of treatment.

Even today’s curative therapies are far from perfect. Koehler
still has some lingering effects from her treatment. She tires
more easily than she used to. If she goes to lunch with friends,
she might not have the energy to take a hike later with her hus-
band. “The toughest part now is how far do I push myself)” she
says. But Koehler is able to enjoy the retirement she took when
her first therapy did not work. She golfs, hikes or snowshoes
when the weather permits. Inspired by the therapy dogs that
visited her during her hospital stay, she brings her own golden
retriever, CJ, to the local high school to help relieve exam stress
among students there. Cancer doctors believe immunotherapy
will soon allow them to give many more patients similar oppor-
tunities to enjov a new lease on life. @
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