THERE IS NEW AMMUF?
IN THE WAR AGAINST

GANGCER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the
diseased cells. Is this the breakthrough
‘we've been waiting for?
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By February of last year, Victoria Reiter, 63, figured she had only a
few months to live. A writer and translator living in Manhattan, she
was suffering from chronic myeloid leukemia, an especially dead-
ly form of blood cancer. The only treatment available was interfer-
on, an immune-system booster that wasn't really working and that
made her violently ill. Reiter had spent most of 1999 in bed, too sick
to read, to walk, to do much of anything—although she had man-
aged to put together lists dividing her possessions between her two
daughters.

Then she went on an experimental drug called Gleevec, and
within weeks everything changed. “All my energy started coming
back.” she says. “Suddenly I could read. I could take a walk” By Au-
gust, tests showed her bone marrow was clear of leukemia cells: in
December, she took up the Argentine tango. She still has the lists
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of what her daughters will get, but, she ex-
ults, “They're not going to get it yet!”

For Bob Ferber, a Los Angeles prose-
cutor specializing in animal-abuse cases,
the Gleevec experience was very much the
same. Less than two vears ago, he was lying
in & hospital room considering suicide to
escape the pain radiating from his bones,
“From crawling across the floor on my
knees to go to the bathroom, I'm now back
at work,” says Ferber, 48. “I go to the gym,
I'm wvolunteering for an animal-rescue
group. [ have a girlfriend. It's the dream of
any cancer patient in the world to be able
to take a pill that works like this. It's truly a
miracle.”

That's at
how, Gleey

B

empting way to look at it, any-
2 is effective enough that the
LS. Food and Drug Administration ap-
proved it in record time two weeks ago
even as researchers announced that it
works against a rare form of stomach can-
cer. The drug doesn’ help everyone, and it
can have side effects, including nausea,
muscle cramps and skin rash. Moreover,
nobody is claiming that it actually cures
cancer. Patients may have to continue tak-
r the drug, probably for the rest of their
lives, and unless Gleevec is used in combi-
nation with some other drugs, it is likely
their cancer will come back.

Despite all these caveats, Gleevec is
still a breakthrough—not only for what it
=5 but, more important, for the revalu-
Hionary strategy it represents, A full 30
irs have passed since President Richard
Mixon declared war on cancer and called
for a national commitment comparable to
the effort to land on the moon or split the
But over those three decades, re-
searchers have come up with one potential
miracle cure after another—only to suffer
one disappointment after another. Aside
from surgery, which almost invariably
leaves behind some malignant cells, the
standard treatment for most cancers con-
tinues to be radiation and chemotherapy-
rely crude disease-fighting weapons

relat

| that have limited effectiveness and leave
patients weak and nauseated,

Along the way, though, scientists have
amassed a wealth of information about
how cancer works at the molecular level,
from its first awakening in the aberrant
pNa of a single cell’s nucleus to its rapa-
cious, all-out assault on the body. Armed
with that information, they have been de-
veloping a broad array of weapons to attack
the disease every step along the way. Many
of these therapies are just beginning to
reach clinical trials and won't be available
to save lives for years to come. If you have
cancer today, these treatments are likely to
come too late to help you. But, says Dr.
Larry Norton, a medical divector at Memo-
rial Sloan-Kettering Cancer Center in New
York City: “I think there is no question that
the war on cancer is winnable.”

That sentiment was pounded home last
week at the annual meeting of the American
Society of Clinical Oncology in San Fran-
cisco, where a record 26,000 cancer spe-
cialists from around the world briefed each
| other on the good news starting to pour out
of their laboratories. Unlike chemo and ra-
diation, which use carpet-bombing tactics
that destroy cancer cells and healthy cells
alike, these new medicines are like a troop
of snipers, firing on cancer cells alone and
targeting their weakest links,

Some of these therapies prevent a class
of chemicals called growth factors from

reaching a tumor, blocking signals that
| would otherwise instruct the cell to grow
out of control. Others tip the delicate bal-
ance that every cell maintains between life
and death, driving cancerous cells to self-
destruct. 5tll others block enzymes that
cancer cells use to chew openings in normal
tissues and give themselves room to expand.
And, most famously, the class of compounds
known as angiogenesis inhibitors keep tu-
mors from building new blood vessels to
supply themselves with food and oxygen,
Three years ago, Nobel laureate James Wat
son, co-discoverer of the structure of D,

Action: Antigrowth
Target cancer: Breast cancer
Manufacturer: Genentech

Side effects: Fever and chills: in
rare cases, heart problems and
potentially fatal allergic reactions

Cost: About $700 for a week's
worth of injections. In clinical trials,
the median time on Herceptin was
36 weeks. Total cost: $25,000

was quoted as saying Dr. Judah Folkman,
the Harvard researcher, would use these in-
hibitors to “cure cancer within two vears.”
He later claimed that he had been mis-
quoted—and no wonder. Scientists whao
know anything about cancer are exceed-
ingly cautious about using the C word.
That's partly because it too easily raises
false hopes and partly because doctors are
increasingly convinced that a cure is not
the only way to beat cancer. Instead, experts
believe, by throwing a series of monkey
wrenches into the cancer cell’s machinery,
the new therapies could transform cancer
from an intractable, frequently lethal ill-
ness to a chronic but manageable one akin
to diabetes and high blood pressure. Says

- Target cancer: Non-Hodgkin's

Action: Targeted cell destruction

Manufacturer: Genentech/IDEC
Side effects: Fever and chills; in
rare cases, low blood pressure and
potentially fatal allergic reactions
Cost: 510,000 for the full four-week

treatment. Retreatment is possible for
relapse. Total cost: $10,000-$20,000
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This dmg is the magic pill people have dreamed
of. It's given me the ability not just to survive hut to

-
have my life back.
Dir. Leonard Saltz, a colon-cancer special
ist at Memorial Sloan-Kettering: “T don’t
think we're going to hit home runs, but if
we can get a series of line-drive singles go-
ing and put enough singles back to back, we
can score runs.”

Four years ago, for example, researchers
at IDEC Pharmaceuticals in San Diiego,

Calif.,, hit just such a line-drive single with |
Rituxan, the first drug that successfully tar- |

Action: Targeted cell destruction

—B0B FERBER, CANCER SURVIVOR

geted proteins on cancer cells. Scientists
had learned over the years that cancer cells
are studded with an unusually large number
of receptacles that compounds essential for
survival, including growth factors, can plug
into and fuel the cells’ growth. Rituxan is a
monoclonal antibody, a molecule specifical-

| ly engineered to fit into the receptacles on

non-Hodgkin's lymphoma cells and, in this
case, single out the cancer cell for destrue-

Target cancer: Chronic lymphocytic leukemia

Manufacturer: Millenniumyllex

S]de effects: Fever and chills, infections

and sometimes severe anemia; in rare cases,

potentially fatal allergic reactions

Cost: A pricing plan has not yet been released
for the infusions, which are delivered three times

aweek for as long as 12 weeks
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tion by the immune system. Back in the
early 1980s, monoclonal antibodies were
hyped in the media as “magic bullets” that
would wipe out cancer.

That proved far too strong a claim, but
monoclonal antibodies have finally begun
to live up to more modest expectations.
Rituxan was the first, but just a vear later,
the same approach led to Herceptin, a drug
that keeps growth factors from feeding cer-
tain kinds of breast-cancer cells. Such tar-
geted treatments are effective only when
the appropriate target exists, Herceptin,
for example, latches onto a receptor known
as HER2, which is abnormally abundant in
only about 30% of breast-cancer tumors. A
biopsy can tell doctors whether a patient is
likely to respond to Herceptin, but they'd
hoped to find a molecule that would plug
into a growth-factor receptor more preva-
lent in cancer cells.

Sure enough, they found one. Dr. John
Mendelsohn, then at the University of Cal-

ifornia, San Diego, and now president of

the M.D. Anderson Cancer Center in Hous-
ton, had been focusing since 1981 on a re-
eeptor called EcFR, which is host to a pro-
tein called epidermal growth factor (EGF).
It's a close cousin to HER2, and Mendel-
sohn and his team know that it is present in
a huge variety of tumors; two-thirds of all
cancer types, in fact, are blanketed with
EGF receptors. In 1984 Mendelsohn and his
team showed in mice that blocking the Ecr
receptor with a growth-factor decoy pre-
vented a cell from growing and dividing,
Making a drug out of that decoy would
prove tricky, since the receptor, like HERZ,
also shows up on noncancerous cells. Re-
searchers are now learning, however, that
normal cells are more adept than cancer
cells at finding other growth factors on
which to rely when EGFR is blocked. But
when Mendelsohn applied for his first
grant from the National Cancer Institute in
1983, he was rejected. “Nobody thought it
would work,” he says. The following year
he turned to philanthropic sources for re-

Cost: $2,400 foramonth'sworth. No
one is sure, but treatment could be three
years to a lifetime. Total cost: $86,000
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THE GOURSE OF CANCER

Cells go through a series of changes before turning

cancerous. When scientists understand—at the

molecular level—the way that happens, they can

: i 1. DNA-REPAIR GENES

design drugs to stop the process These genes make proteins
that correct the errors that
sometimes occur whenever a cell
copies its DMA. If repair genes can't
do their job, genetic mistakes start to

s/ | mistake happens | s the mistakes  accumuiate
1 inthe cell ... 2 add up 2. TUMOR-SUPPRESSOR GENES

These restrain cell growth and division. Their
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CANCER PREVENTION :  ANTIGROWTH CELL SUICIDE
OPPGRTU Nl I | At this stage your best bet i Herceptin and Gleevec are Cancer cells don't just grow

is to eat right, quit ;. among the first in a too much. They refuse to
Using new insights into how cancer smoking and avoid - generation of new drugs die. Experimental drugs like
develops, a new generation of drugs sunburns. Antioxidants like ¢ that aim to block the Genasense activate
is emerging that attacks the disease vitamin E and drugs like :  hiological signals that different pathways of cell

at earlier and earlier stages celecoxib may also help ©  promote cancer-cell growth  destruction



... the cells
E turn cancerous

Free of normal restraints, the now
malignant cells break all the rules. They
divide uncontrallably, become less
5 attached to their neighbors and invade
- the space occupied by normal cells

Source; National Cancer Instifute

IMMUNE BOOSTER
Cancer cells somehow
evade the immune
system, Vaccines like
GVAX and Virulizin
gnad white blood cells
into attacking them

MICRORADIATION
Combining the specificity
of a monoclonal antibody
with the lethality of a
radioactive isotope,
Bexxar targets cancerous
lymphoma cells

... the tumor’s
4 appetite grows

In a process called angiogenesis, malignant
cells secrete chemicals that attract and
promote the formation of new blood
vessels. With a steady supply of nutrients,
the tumor can grow without limits

New :
capillaries © _

¥ .. the cancer spreads

Pieces of the tumor break off and, in
a process called metastasis, migrate

through the blood and lymphatic >
systems. Eventually the runaway r
cells colonize other parts of r Y
the body and give rise " #
to distant tumors Satellite t
tumors
5
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ANTIANGIOGENESIS SURGERY CHEMOTHERAPY  RADIATION

In clinical trials, Early detection  Though less Even though
Neovastat, semaxanib leads to less toxic than radiation

and other agents attack invasive before, these beams are
the tumor’'s blood supply operations poisons kill both localized, they
in an effort to choke off and more healthy and still kill lots of
the flow of nutrients cures cancerous cells healthy cells



Eventually, though, they start
to grow their own capillaries
and vessels, like oil companies
eager to guarantee a steady
How of crude.

Folkman's insight was to
look for substances that pre-
vent tumors from building
those pipelines. This ap-
proach worked beautifully in
mice, Now more than 50 an
giogenesis inhibitors are being studied in
humans with a wide range of cancers; a
dozen are in the final stages of testing.
Thus far, only a tiny number of human pa-
tients treated with these compounds have
seen their tumors shrink or disappear.
Clinicians are nonetheless encouraged;
while angiogenesis inhibitors don’t make
cancer go away, they do appear to slow tu-
mor growth, And that means they may
work best in conjunction with some of the
other new treatments to batter cancer
from several directions at once.

“We've seen results in very few pa-
tients vet,” says Folkman. “But we have
seem some patients with stable disease.
We have seen some patients whose tumors
have stopped growing. And we have seen
some patients whose tumors slowly re-
gressed. I think the approach is promising,
but we are still learning.”

While many scientists focus their at-
tention on potential weaknesses in the can-
cer cell, others are concentrating on the
flip side—recruiting the body’s immune
system to seek and destrov the renegade
tissues. So far, this approach has proved
less successful, largely because no matter
how badly they are misbehaving, tumor
cells are purely homegrown and thus pre-
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ACID TEST: Cancer cells
face new drugs in the lab

sumed innocent by the immune system,
When it finally catches on that something
is wrong, it's usually too late.

That problem may not be insurmount-
able, as scientists at last week's clinical-
oncology meeting made clear. The trick, it
turns out, may be to put aside 99% of the
immune svstem and focus on dendritic
cells, a tiny but especially sensitive popu-
lation of white blood cells that act as sen-
tries to warn against invaders of all kinds,
Scientists at California-based Cell Genesys,
for example, have taken tumaor cells from a
number of cancers, genetically engi-
neered them to pump out a hormone that
stimulates production of a host of immune
cells, and vaccinated late-stage lung-can
per patients with the mixture to boost
chances that dendritic cells would sound
the alarm against the tumors, In the latest
study, three of 22 patients saw their tu-
mors disappear completely, and four saw
them stop growing,

Researchers at Stanford University
have harvested dendritic cells from ad-
vanced-cancer patients, exposed the cells to
potent growth factors, added tumor-specific
proteins to sensitize them and reintro-
duced the mixture into patients as a vac
cine. Of 12 patients with advanced colorec-
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tal and lung cancer, two watched their tu-
mors shrivel away, and another is still tumor
free a year after receiving the vaceine.

Whether vou're talking about conven
tional therapy or one of these promising
new approaches, experts agree the earlier
vou catch a cancer, the better vour chances
of controlling it. And thanks to a growing
understanding of the cancer cell’s natural
life eycle, doctors are learning how to de-
tect the disease at its very earliest stages.
One well-known example is the prostate-
specific antigen (Psa) test, which identifies
a protein secreted by abnormally growing
prostate cells before any symptoms appear,
(The test is not perfect, however, since psa
is also secreted, albeit in smaller amounts,
by benignly growing prostate cells.)

Researchers such as Dr. David Sidran-
sky, an oncologist at Johns Hop
kins University, are searching
for diagnostics that will pick up
other cancers in their prelimi-
nary stages. Others are focus-
ing on an even earlier stage,
trying to lower the risk of de-
veloping cancer to begin with.
Here the most exciting work
centers on the cycooxyzenase
inhibitor called cox-2. This
pain reliever was originally de-
veloped to clamp down on in
flammation as aspirin does but without as-
pirin’s tendency to eat through the lining of
the stomach.

It turns out that cox-2 inhibitor drugs
also have anticancer effects, reducing the
number of precancerous polyps in patients
with a hereditary form of colon cancer,
perhaps through antiangiogenesis. Scien
tists are currently studying its effect on
noninherited colon cancers. And because
the receptor for cox-2 is overexpressed on
a range of human cancer types, the hope is
that cox-2 inhibitors may be useful in pre-
venting a wider range of cancers, including
head and neck, bladder, non-small cell
lung and breast cancers.

As promising as these therapies are,
there remain many gquestions for re-
searchers to answer. Among the most im-
portant: Which treatments should be giv
en to which patients? Says Sidransky:
“Within five vears, it might be almost im-
possible to bring a drug forward without
having a test to help doctors decide whom
the drug is for.”

Eventually, the goal is to detect pre-
cisely which molecular processes have
gone wrong in an individual patient’s can-
cer. Rather than being identified as lung
cancer or breast cancer or kidney cancer,
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Of the 402 experimental cancer treatments
listed on the Pharmaceutical Research and
Manufacturers of America website
(www.phrma.org), many are traditional _
chemotherapy agents. But a grows""

ing number are part of the new /

breed. Here are a few of them:

Tarceva Antigrowth agent
(Genentech/0SI/Roche)

Bexxar Delivers a

dose of radiation directly
to cancer cells
(Corixa/GlaxoSmithKLine)

Iressa Antigrowth agent
(Astrafeneca)

GVAX Immune-system booster
(Cell Genesys)

Meovastat Antiangiogenesis
agent (AEterna)

Virulizin Immune-system
booster (Lorus Therapeutics) |

celecoxib May act to prevent
cancer (Pharmacia/Pfizer)
semaxanib Antlangiogenesis
(Pharmacia/SUGEN)
IMC-C225 Antigrowth agent
(ImClone Systems)

Genasense Triggers cell suicide
(Genta)
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