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Science vs. the C Monster 



The Cancer Moonshot, announced by President Barack Obama during his 2016 State of the Union Address, was an initiative to accelerate cancer research. Led by Vice President Joe Biden, the project aspired to make more therapies available to more patients, while also addressing how to prevent cancer and detect it at an early stage. Even at the dawn of a new administration, the $264-million cash infusion Biden secured for the National Cancer Institute will go a long way to assist cancer research. While most of today’s research focuses on the genetic basis of cancer, epidemiologic studies point to a variety of environmental causes, including carcinogens like tobacco smoke, poor diet, obesity, radiation and pollutants. Even viral infections can cause certain types of cancer. With such a wide range of causes that need further research, the Cancer Moonshot is a welcome influx of resources. In this eBook, The Science of Cancer, we will explore the causes of cancer, the arguments for and against screenings, ongoing therapies, and prevention. 



The first section is devoted to understanding the molecular basis of cancer and surveying its genetic origins. In Robert Weinberg’s “How Cancer Arises,” he explains the central dogma of cancer genetics, which says that a handful of essential mutations in specific genes—oncogenes or tumor suppressors—wreak cellular havoc and lead to uncontrolled growth. More recently, scientific discoveries are challenging this theory. In “Untangling the Roots of Cancer,” W. Wayt Gibbs explores these new theories, one of which is further detailed in “Stem Cells: The Real Culprits in Cancer?” Other notable discoveries show that inflammation plays a role in driving tumor development and asks whether or not we are “evolved” for cancer. The Cancer Genome Atlas points to many, many more implicated genes that we ever could have imagined. It’s almost like, as Bill Hahn of the Dana-Farber Cancer Institute so elegantly states, “someone set off a bomb” in the nucleus of a cancer cell.



Popular opinion states that screening is the best deterrent of cancer because it can detect tumors early enough so that they can be successfully treated. We look at the field of cancer screening in the second section, with selections delving into how effective mammograms for breast cancer and the PSA test for prostate cancer actually are. In his story, “The Great Prostate Cancer Debate,” doctor Mark Garnick lays out the rationale for not giving the test.



With our ever-increasing knowledge of the molecular basis of cancer, targeted therapies are on the rise. Selections in Section 3 explore the possibilities of homing in on stem cells, making use of viruses, and manipulating the immune system as future therapies.



The final chapter discusses ways to minimize risk. Here we explore the efficacy of a diet high in fruits and vegetables in minimizing the risk of cancer, the effectiveness of sunscreen for preventing skin cancer and how a healthy lifestyle can help impede breast cancer. Recently, we’ve seen the emergence of vaccines for HPV infection targeted towards adolescents, but as Katherine Harmon discusses in her story, “HPV-Positive Cancers Spreading among the Middle-Aged,” these infections are occurring in other populations as well. Finally, the larger question remains: Will we actually be able to truly “cure” cancer? Dina Fine Maron reflects on this in the concluding selection of this collection.



While there is as yet no cure for cancer, scientists continue to make strides in both basic and clinical research. With more research focusing on the intricacies of genetic causes—epigenetics—as well as the increased awareness and affordability of genetic testing, it’s likely that even more gains will be made toward personalized therapies that treat cancer in a way more deserving of its complex nature. 






--Karin Tucker

Book Editor





	
		
	

SECTION 1


Complexity in the Cause


		

	
	    
Untangling the Roots of Cancer

by W. Wayt Gibbs




What causes cancer?



Tobacco smoke, most people would say. Probably
too much alcohol, sunshine or grilled meat; infection
with cervical papillomaviruses; asbestos. All
have strong links to cancer, certainly. But they cannot
be root causes. Much of the population is exposed
to these carcinogens, yet only a tiny minority
suffers dangerous tumors as a consequence.



A cause, by definition, leads invariably to its effect.
The immediate cause of cancer must be some
combination of insults and accidents that induces
normal cells in a healthy human body to turn malignant,
growing like weeds and sprouting in unnatural
places.



At this level, the cause of cancer is not entirely a
mystery. In fact, a decade ago many geneticists were
confident that science was homing in on a final answer:
cancer is the result of cumulative mutations that
alter specific locations in a cell’s DNA and thus
change the particular proteins encoded by cancer-related
genes at those spots. The mutations affect two
kinds of cancer genes. The first are called tumor suppressors.
They normally restrain cells’ ability to divide,
and mutations permanently disable the genes.
The second variety, known as oncogenes, stimulate
growth—in other words, cell division. Mutations
lock oncogenes into an active state. Some researchers
still take it as axiomatic that such growth-promoting
changes to a small number of cancer genes are the
initial event and root cause of every human cancer.



For the past few years, however, prominent oncologists
have increasingly challenged that theory.
No one questions that cancer is ultimately a disease
of the DNA. But as biologists trace tumors to their
roots, they have discovered many other abnormalities
at work inside the nuclei of cells that, though not
yet cancerous, are headed that way. Whole chromosomes,
each containing 1,000 or more genes, are
often lost or duplicated. Pieces of chromosomes are
frequently scrambled, truncated or fused together.
Chemical additions to the DNA, or to the histone
proteins around which it coils, somehow silence important
genes, but in a reversible process quite different
from mutation. And scans of the genomes of
malignant cells within tumors have found that they
typically harbor myriad rare mutations rather than
a handful of common genetic alterations.



The accumulating evidence has spawned new
hypotheses that compete with the standard dogma
to explain what changes come first and which aberrations
matter most in the decade-long transformation
of a cell and its descendants from well-behaved
tissue to invasive tumor. The challengers dispute
the dominant view of the disease as the product of
a defined genetic state. They argue that it is more
useful to think of cancer as the consequence of a
chaotic process, a combination of Murphy’s Law
and Darwin’s Law: anything that can go wrong
will, and in a competitive environment, the most
prolific variants will dominate.



Despite that shared underlying principle, the
new theories make different predictions about what
kind of treatments will work best. Some suggest
that many cancers could be prevented altogether by
better screening, changes in diet, and new drugs—or even by old drugs, such as aspirin. Other theories
cast doubt on that hope.



Marks of Malignancy



A workable theory of cancer has to explain
both why it is predominantly a disease of old age
and why we do not all die from it. A 70-year-old is
roughly 100 times as likely to be diagnosed with a	
malignancy as a 19-year-old is. Yet
most people make it to old age without
getting cancer.



Biologists estimate that more than
10 million billion cells must cooperate
to keep a human being healthy over the
course of an 80-year life span. If any
one of those myriad cells could give rise
to a tumor, why is it that fewer than
half the population will ever contract a
cancer serious enough to catch a doctor’s
attention?



One explanation is that a cell must
acquire several extraordinary skills to
be malignant. “Five or six different regulatory
systems must be perturbed in
order for a normal cell to grow as a cancer,”
asserts Robert A. Weinberg of the
Whitehead Institute at the Massachusetts
Institute of Technology. In a 2002
review paper, he and William C. Hahn
of the Dana-Farber Cancer Institute in
Boston argued that all life-threatening
cancers manifest at least six such deranged
abilities. (Although Weinberg is
one of the founding proponents of the
standard paradigm, even those who
challenge that theory tend to agree with
this view.)



For example, cancer cells continue
dividing in situations in which normal
cells would quietly wait for a special
chemical signal—say, from an injured
neighbor. Somehow they counterfeit
these progrowth messages. Conversely,
tumor cells must ignore “stop dividing”
commands that are sent out by the adjacent
tissues they squeeze and by their
own internal aging mechanisms.



All cancerous cells have serious problems
of some sort with their DNA, and
as they double again and again, many
cells in the resulting colony end up far
from the blood vessels that supply oxygen
and nutrients. Such stresses trigger
autodestruct mechanisms in healthy
cells. Tumor cells find some way to avoid
this kind of suicide. Then they have to
persuade nearby blood vessels to build
the infrastructure they need to thrive.



A fifth derangement that almost all
cancers acquire is immortality. A culture
of normal human cells stops dividing after
50 to 70 generations. That is more
than enough doublings to sustain a person
through even a century of healthy
life. But the great majority of cells in tumors
quickly die of their genetic defects,
so those rare few that survive must reproduce
indefinitely if the tumor is to
grow. The survivors do so in part by manipulating
their telomeres, gene-free
complexes of DNA and protein that protect
the ends of each chromosome.



Tumors that develop these five faculties
are trouble, but they are probably not
deadly. It is a sixth property, the ability
to invade nearby tissue and then metastasize
to distant parts of the body, that
gives cancer its lethal character. Local
invasions can usually be removed surgically.
But nine of every 10 deaths from
the disease are the result of metastases.



Only an elite few cells in a tumor
seem to acquire this ability to detach
from the initial mass, float through the
circulation and start a new colony in a
different organ from the one that gave
birth to them. Unfortunately, by the
time they are discovered, many cancers
have already metastasized—including,
in the U.S., 76 percent of lung cancers,
55 percent of colorectal cancers, and 37
percent of breast cancers. By then the
prognosis is frequently grim.










SIX DIABOLICAL DERANGEMENTS OF CANCER	
  




1. GROWTH EVEN IN THE ABSENCE OF NORMAL “GO” SIGNALS



Most normal cells wait for an
external message before dividing.
Cancer cells often
counterfeit their own progrowth
messages.



2. GROWTH DESPITE “STOP” COMMANDS ISSUED BY NEIGHBORING CELLS



As the tumor expands, it
squeezes adjacent tissue, which
sends out chemical messages that
would normally bring cell division to
a halt. Malignant cells ignore
the commands.



3. EVASION OF BUILT-IN AUTODESTRUCT MECHANISMS



In healthy cells, genetic damage
above a critical level usually
activates a suicide program.
Cancerous cells bypass
this mechanism, although
agents of the immune system
can sometimes successfully
order the cancer cells
to self-destruct.



4. ABILITY TO STIMULATE BLOOD VESSEL CONSTRUCTION



Tumors need oxygen and nutrients
to survive. They obtain them by
co-opting nearby blood vessels
to form new branches that run throughout the
growing mass.



5. EFFECTIVE IMMORTALITY



Healthy cells can divide no more
than 70 times. Malignant cells need
more than that to make tumors. So
they work around systems—such
as the telomeres at the
end of chromosomes—that
enforce the reproductive limit.



6. POWER TO INVADE OTHER TISSUES AND SPREAD TO OTHER ORGANS



Cancers usually become life-threatening
only after they somehow
disable the cellular circuitry that
confines them to a specific part
of the particular organ in which
they arose. New growths appear and eventually
interfere with vital systems.





















The Order of Disorder



Doctors could catch incipient
tumors sooner if scientists could trace
the steps that cells take down the road to
cancer after the initial assault to their
DNA by a carcinogen or some random
biochemical mishap. Researchers broadly
agree on the traits of the diseased cells
that emerge from the journey. It is the
propelling force and the order of each
milestone that are under active debate.



The dominant paradigm for 30 years
has been that tumors grow in spurts of
mutation and expansion. Genetic damage
to a cell deletes or disrupts a tumor
suppressor gene—RB, p53, BRCA2 and
APC are among the best known—thereby
suppressing proteins that normally
ensure the integrity of the genome and
the process of cell division. Alternatively,
a mutation may increase the activity
of an oncogene—such as HER2/NEU,
c-fos or c-erbB3—whose proteins then
stimulate the cell to reproduce.



Changes to cancer genes free the cell
of one or more normal restraints, allowing
it to outbreed its neighbors. The cell
passes abnormalities in its DNA sequence
on to its descendants, which become
a kind of clone army that grows
to the limits of its capacity. Eventually
another random mutation to a cancer
gene looses another shackle, initiating
another burst of growth.



Cells normally have two copies of
every chromosome—one from the
mother, the other from the father—and
thus two copies, or alleles, of every gene.
(In males, the single X and Y chromosomes
are notable exceptions.) A mutation
to just one allele is enough to activate
an oncogene permanently. But it
takes two hits to knock out both alleles
of a tumor suppressor gene. Four to 10
mutations in the right genes can transform
any cell. Or so the theory goes.



The mutant-gene paradigm gained
almost universal acceptance because it
explained very well what scientists saw
in their experiments on genetically engineered
mice and human cell cultures.
But new technologies now allow researchers
to survey large fractions of the
genomes of cancerous and precancerous
cells taken directly from people. Many
recent observations seem to contradict
the idea that mutations to a few specific
genes lie at the root of all cancers.



Unexplained Phenomena



In 2003, for example, a team led by
Michael F. Clarke, then at the University
of Michigan at Ann Arbor and now at
Stanford University, reported that it had
identified distinguishing marks for a
rare subset of cells within human breast
cancers that can form new tumors. As
few as 100 cells of this type quickly
spawned disease when injected into
mice lacking an immune system. Tens of
thousands of other cells, harvested from
the same nine breast malignancies but
lacking the telltale marks, failed to do
so. These were the first tumor-initiating
cells ever isolated for solid tumors, and
later studies confirmed that for many
common human cancers, just a small
fraction of the cells in a tumor are responsible
for its growth and metastasis—and so for the illness and death of
the patient. The discovery of such cells,
which some began calling “cancer stem
cells,” posed a problem for the mutant-gene
theory of cancer. If mutations,
which are copied from a cell to its progeny,
give tumor cells their deranged
powers, then shouldn’t all clones in the
army be equally powerful?



In fact, most tumors are not masses
of identical clones. On the contrary, closer
examination has revealed amazing
genetic diversity among their cells, some
of which are so different from normal
human cells (and from one another) that
they might fairly be called new species.



In 2006 Bert Vogelstein of Johns
Hopkins University and a large team of
collaborators used new genetic sequencing
technologies to examine more
than 13,000 genes in samples taken
from 11 breast tumors and 11 colorectal
cancers. They found noninherited
mutations in 1,149 (nearly 9 percent) of
those genes. Even more startling than
the sheer number of genes mutated was
the lack of consistency from one tumor
to the next—or even from one cell to
another within the same tumor. Not a
single gene was mutated in more than 5
percent of the tumors.



Moreover, some of the most commonly
altered cancer genes have oddly
inconsistent effects. Vogelstein’s group
has also reported that the much studied
oncogenes c-fos and c-erbB3 are curiously
less active in tumors than they are
in nearby normal tissues. The tumor
suppressor gene RB was shown to be
hyperactive—not disabled—in some
colon cancers, and, perversely, it appears
to protect those tumors from
their auto-destruct mechanisms.



The “two hit” hypothesis—that both
alleles of a tumor suppressor gene must
be deactivated—has also been upended
by the discovery of a phenomenon called
haploinsufficiency. In some cancers, it
turns out, tumor suppressors are not
mutated at all. Their output is simply
reduced, and that seems to be enough to
push cells toward malignancy. This effect
has now been seen for more than a
dozen tumor suppressor genes, and investigators
expect to find many more
like them. Searching for the mere presence
or absence of a gene’s protein is too
simplistic. Dos age matters.



Beyond Mutation



Researchers are now looking
more closely at other phenomena, besides
errors in a gene’s DNA sequence,
that can dramatically alter the dosage of
a protein in a cell. The loss or gain of a
chromosome (or part of one) containing
the gene can do this. So can tweaks to
regulatory factors that control how often
a gene is translated into protein, as
well as epigenetic phenomena that alter
gene activity by reversible means. All
these changes are nearly ubiquitous in
established cancers.



“If you look at most solid tumors in
adults, it looks like someone set off a
bomb in the nucleus,” Hahn says. “In
most cells, there are big pieces of
chromosomes hooked together and duplications
or losses of whole chromosomes.”
Cancer biologists call such
cells aneuploid.



Almost a century ago German biologist
Theodor Boveri noticed the
strange imbalance in cancer cells between
the numbers of maternal versus
paternal chromosomes. He even suggested
that aneuploid cells might cause
the disease. But scientists could find no
recurrent pattern to the chromosomal
chaos—indeed, the genome of a typical
cancer cell is not merely aneuploid but
unstable as well, changing every few
generations. So Boveri’s idea was
dropped as the search for oncogenes
started to bear fruit. The aneuploidy
and massive genomic instability inside
tumor cells were dismissed as side effects
of cancer, not prerequisites.



But the oncogene/tumor suppressor
gene hypothesis has also failed, despite
three decades of effort, to identify a particular
set of gene mutations that occurs
in every instance of any of the most
common and deadly kinds of human
cancer. So now, Hahn says, “the question
is which comes first: mutations or
aneuploidy?”



There are at least four competing
answers. The newest and most controversial
theory—that cancers often arise
from the very stem cells that give healthy
organs their growth and healing abilities—is discussed elsewhere in this issue. So we will
focus on the three more established
ideas. Let us call them the modified
dogma, the early instability theory and
the all-aneuploidy theory. Encouragingly,
all four of these theories seem to
be converging as they bend to accommodate
new experimental results.



The modified form of the standard
dogma revives an idea proposed in 1974
by Lawrence A. Loeb, now at the University
of Washington. He and other geneticists
have estimated that, on average,
random mutation will affect just
one gene in any given cell over the
course of a lifetime. Something—a carcinogen,
reactive oxidants, or perhaps a
malfunction in the DNA duplication
and repair machinery of the cell—must
dramatically accelerate the mutation
rate, Loeb argues.



For many years, he suggested that
“early during the genesis of cancer there
are enormous numbers of random mutations—10,000 to 100,000 per cell,”
but he had little evidence to support the
idea. In 2006, however, technology advanced
to the point that Loeb was able
to test his hypothesis by comparing the
rate at which a noncoding portion of
the p53 gene suffered small mutations
in both normal and malignant human
cells. Cancerous cells, his test revealed,
harbored anywhere from 65 to 475 mutations
per 100 million nucleotides,
whereas normal cells had four or fewer.
That seems to be a far stretch from the
100,000-fold increase in mutation rate
that Loeb had anticipated, but it is
nonetheless an important discovery that
demands explanation.



Loeb’s modified dogma thus may add
a prologue to the long-accepted life history
of cancer. But the most important
plot points in that story would still remain
the same: mutations to genes that
serve to increase the reproductive success
of cells. Mangled and ever changing
chromosomes are, in this narrative, mere
fortuitous by-products.



Unstable from the Outset



Vogelstein of Johns Hopkins and his
former co-worker Christoph Lengauer,
now at Novartis, proposed an alternative
theory in which chromosomal instability
can occur early on. The genetic flux then
combines forces with natural selection to
produce a benign growth that may later
be converted to an invasive malignancy
and life-threatening metastases.



In their hypothesis, there are several
“master” genes whose function is critical
for a cell to reproduce correctly. If just
one of these genes is disabled, either epigenetically
or by mutation, the cell stumbles
each time it attempts the carefully
choreographed dance of cell division,
muddling some of the chromosomes into
an aneuploid state. One result is to increase
100,000-fold the rate at which
cells randomly lose one of the two alleles
of their genes. For a tumor suppressor
gene, a lost allele may effectively put the
gene out of commission, either because
the remaining copy is already mutated or
because of the haploinsufficiency effect.
Lengauer and Vogelstein still assume that
some cancer genes must be altered before
a malignancy can erupt.



Some observations do support the early
instability theory. In 2000 Lengauer’s
laboratory examined colon adenomas—benign polyps that occasionally turn malignant—and observed that more than 90
percent had extra or missing pieces of at
least one chromosome. More than half
had lost the long arm of chromosome 5,
home to the APC tumor suppressor gene,
long implicated in the formation of colon
cancer. Other researchers have discovered
similarly aberrant chromosomes in precancerous
growths taken from the stomach,
esophagus and breast.



The early instability theory still has
some loose ends, however. How can cells
with shifty chromosomes outcompete
their stable counterparts? Under normal
conditions, they probably do not, suggests
immunologist Jarle Breivik of the
University of Oslo. But in a “war zone,”
where a carcinogen or other stressor is
continually inflicting damage to cells,
normal cells stop dividing until they
have completed repairs to their DNA.
Genetically unstable cells get that way
because their DNA repair systems are
already broken. So they simply ignore
the damage, keep on proliferating, and
thus pull ahead, Breivik hypothesizes.



But what jumbles the chromosomes
in the first place? No genes have yet
been conclusively identified as master
genes, although several strong suspects
have surfaced. Beth A. A. Weaver of the
University of Wisconsin–Madison and
her collaborators may have uncovered a
clue in their studies of a gene called
CENP-E. The protein produced from
this gene is one of several that are crucial
for guiding the chromosomes as
they replicate and separate during cell
division. At a meeting of the Society for
Chromosomal Cancer Research in
Oakland, Calif., this year, Weaver reported
that in mice embryos missing
one of their two copies of CENP-E (and
thus making only half the normal
amount of CENP-E protein), chromosomes
quickly went askew. Within a
couple of weeks, more than half the embryonic
cells were aneuploid. And when
these animals grew up, they developed
many more spleen and lung cancers
than did control mice with normal
CENP-E genes.



Aneuploidy All the Way Down



On the other hand, maybe cells
can become malignant even before any
master genes, oncogenes or tumor suppressor
genes are mutated. Peter Duesberg
of the University of California,
Berkeley, has put forth a third theory:
nearly all cancer cells are aneuploid (leukemia
being one exception) because they
start that way. Lots of things can interfere
with a dividing cell so that one of its
daughter cells is cheated of its normal
complement of 46 chromosomes and
the other daughter is endowed with a
bonus. Asbestos fibers, Duesberg notes,
can physically disrupt the process.



Most aneuploid cells are stillborn or
growth-retarded. But in the rare survivor,
he suggests, the dosage of thousands
of genes is altered. That corrupts
teams of enzymes that synthesize and
maintain DNA. Breaks appear in the
double helix, destabilizing the genome
further. “The more aneuploid the cell is,
the more unstable it is, and the more
likely it will produce new combinations
of chromosomes that will allow it to
grow anywhere,” Duesberg explains.



Unlike the three other theories, the
all-aneuploidy hypothesis predicts that
the emergence and progress of a tumor
are more closely connected to the assortment
of chromosomes in its cells
than to the mutations in the genes on
those chromosomes. Some observations
do seem to corroborate the idea.



Thomas Ried, chief of cancer genomics
at the National Cancer Institute,
has obtained supporting evidence in humans
from his investigation of aneuploidy
in cervical and colorectal cancers,
which he presented at the Oakland conference.
“Unequivocally, there are recurrent
patterns of genomic imbalances,”
Ried avers. “Every single case of
[nonhereditary] colorectal cancer, for
example, has gains of chromosomes 7, 8,
13 or 20—or a loss of 18. In cervical cancer,
aneuploidy of chromosome 3 happens
very early, and those cells seem to
have a selective advantage.” Ried finds
the average number of abnormal chromosomes
increasing gradually from 0.2
in a normal cell to 12 in the cells of metastatic
colon tumors.



“So I actually think Duesberg is
right that aneuploidy can be the first
genetic aberration in cancer cells,” Ried
says. “But he also argues that no gene
mutations are required. This is simply
not true.”









THE GENESIS OF CANCER: FOUR THEORIES	



For decades, the most widely accepted view of how cancer begins
has been that mutations to a handful of special genes eliminate
tumor suppressor proteins and activate oncoproteins. More
recently, three alternative theories have gained currency. One modifies 
the standard paradigm by postulating a dramatic increase in
the accumulation of random mutations throughout the genomes of
precancerous cells. Two others focus on the role of aneuploidy: large-scale aberrations in the
chromosomes. Aneuploidy could lead to genomic instability early on and later mutate known
cancer genes. Or it may form tumors through an almost infinite variety of genetic changes.
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Stopping Cancer at Its Roots



Neither the standard dogma nor any
of the new theories that challenge it can
fully untangle the knotted roots of the
100-odd diseases we call cancer and explain
them as variations of a single principle.
And all the theories will need to
be expanded to incorporate the still
mysterious role of epigenetic phenomena,
which may be pivotal.



It is important to determine which
of the ideas is more right than the others,
because they each make different
predictions about the kinds of therapy
that will succeed best against the most
common and lethal cancers. In the
standard view, tumors are in effect addicted
to the proteins produced by oncogenes
and are poisoned by tumor
suppressor proteins. Medicines should
therefore be designed to break the addiction
or supply the poison. Indeed,
this strategy is exploited by some newer
drugs, such as Gleevec (for rare forms
of leukemia and stomach cancer) and
Herceptin (for one variety of advanced
breast cancer).



But all existing therapies, including
Gleevec and Herceptin, fail in some patients
because their tumors evolve into
a resistant strain. Loeb fears that there
may be no easy way around that problem;
his latest work, after all, suggests
that a tumor of any significant size harbors
up to a trillion random mutations.
“If I am right, then within any given
tumor, there will be cells with random
mutations that protect them from any
treatment you can conceive,” Loeb
says. “So the best you can hope for is
to delay the tumor’s growth. You are
not going to cure it.”



For the elderly—who, after all, are
the main victims of cancer—a sufficient
delay may be as good as a cure. And
even better than slowing the growth of
a tumor would be to delay its formation
in the first place. If Lengauer, Weaver
and others succeed in identifying master
genes, then it should also be possible
to make drugs that protect or restore
their function. The Johns Hopkins
group has already licensed some of its
cell lines to the pharmaceutical industry
to use in drug screening.



Screening of a different kind may be
the best approach if the all-aneuploidy
theory is correct. There are no known
means of selectively killing cells with abnormal
chromosomes. But a biopsy that
turns up a surfeit of aneuploid cells
might warrant careful monitoring or
even preventive surgery in certain cases.
Duesberg suggests that foods, drugs and
chemicals should be tested to identify
compounds that cause aneuploidy. And
Weaver found that although CENP-E-deficient mouse cells were highly tumorigenic
if the cells were moderately
aneuploid, cells that were highly aneuploid
actually suppressed tumor formation.
It may be possible to design drugs
that kill cancer cells by exacerbating
their aneuploidy.



One day science will produce a definitive answer to the question of what
causes cancer. It will probably be a very
complicated answer, and it may force us
to shift our hope from drugs that cure
the disease to medicines that prevent it.
Even without a clear understanding of
why, doctors have discovered that a daily
baby aspirin seems to prevent colon
adenomas and to lower the risk of one
kind of breast cancer in some adults.
The effect is small. But it is a step from
chemotherapy toward a better alternative:
chemoprevention.









BRANCHING POINTS IN THE EVOLUTION OF CANCER THEORY


1914 Theodor Boveri suggests that
aberrant chromosomes
may cause cancer


1927 Hermann J. Muller
observes that
radiation
mutates cells

1951 Muller
proposes
theory that
multiple
mutations
turn a cell
malignant

1960 Discovery that an
exchange of DNA between
chromosomes 9 and 22
leads to chronic
myelogenous leukemia

1971 Alfred G. Knudson
explains different
rates of inherited and
spontaneous retinal
cancer with the
hypothesis that two
“hits,” or damaging
mutations, are needed
to disable both alleles
of the RB gene and that
one mutation can be
inherited

1974 Lawrence A.
Loeb argues that
random mutations
must accumulate
much faster than is
normal inside cells
that become
malignant


1990 Bert Vogelstein and
Eric R. Fearon publish a model of
sequential gene mutations that
lead to colon cancer

1986 Robert A. Weinberg and
colleagues isolate RB, the first
tumor suppressor gene

1997 Christoph Lengauer,
Vogelstein and co-workers
demonstrate dramatic
increase in gain and loss
of chromosomes in colon
tumor cells and propose
that chromosomal
instability is a critical
early event that leads
to the mutation of
oncogenes and tumor
suppressor genes


1999 Peter Duesberg and collaborators
publish detailed theory of how
aneuploidy may be sufficient to cause
cancer itself, even without mutations to
any particular set of genes

2002 Thomas Ried
identifies recurrent
patterns of
aneuploidy in human
cervical and colon
cancer

2008 The number of
identified cancer genes,
now well over 1,000,
continues to grow rapidly













--Originally published: Scientific American  289(1); 56-65 (July 2003).






	
	    
How Cancer Arises

by Robert A Weinberg





How cancer develops is no
longer a mystery. During the
past two decades, investigators
have made astonishing progress in
identifying the deepest bases of the process—those at the molecular level. These
discoveries are robust: they will survive
the scrutiny of future generations of researchers,
and they will form the foundation
for revolutionary approaches to
treatment. No one can predict exactly
when therapies targeted to the molecular
alterations in cancer cells will find
wide use, given that the translation of
new understanding into clinical practice
is complicated, slow and expensive.
But the effort is now under way.



In truth, the term “cancer” refers to
more than 100 forms of the disease. Almost
every tissue in the body can spawn
malignancies; some even yield several
types. What is more, each cancer has
unique features. Still, the basic processes
that produce these diverse tumors appear
to be quite similar. For that reason,
I will refer in this article to “cancer” in
generic terms, drawing on one or another
type to illustrate the rules that seem
to apply universally.



The 30 trillion cells of the normal,
healthy body live in a complex, interdependent
condominium, regulating one
another’s proliferation. Indeed, normal
cells reproduce only when instructed to
do so by other cells in their vicinity. Such
unceasing collaboration ensures that
each tissue maintains a size and architecture
appropriate to the body’s needs.



Cancer cells, in stark contrast, violate
this scheme; they become deaf to the
usual controls on proliferation and follow
their own internal agenda for reproduction.
They also possess an even
more insidious property—the ability to
migrate from the site where they began,
invading nearby tissues and forming
masses at distant sites in the body. Tumors
composed of such malignant cells
become more and more aggressive over
time, and they become lethal when they
disrupt the tissues and organs needed for
the survival of the organism as a whole.



This much is not new. But over the
past 20 years, scientists have uncovered
a set of basic principles that govern the
development of cancer. We now know
that the cells in a tumor descend from a
common ancestral cell that at one
point—usually decades before a tumor
becomes palpable—initiated a program
of inappropriate reproduction. Further,
the malignant transformation of a cell
comes about through the accumulation
of mutations in specific classes of the
genes within it. These genes provide the
key to understanding the processes at
the root of human cancer.



Genes are carried in the DNA molecules
of the chromosomes in the cell nucleus.
A gene specifies a sequence of
amino acids that must be linked together
to make a particular protein; the protein
then carries out the work of the
gene. When a gene is switched on, the
cell responds by synthesizing the encoded
protein. Mutations in a gene can perturb
a cell by changing the amounts or
the activities of the protein product.



Two gene classes, which together constitute
only a small proportion of the full
genetic set, play major roles in triggering
cancer. In their normal configuration,
they choreograph the life cycle of
the cell—the intricate sequence of events
by which a cell enlarges and divides.
Proto-oncogenes encourage such growth,
whereas tumor suppressor genes inhibit
it. Collectively these two gene classes account for much of the uncontrolled cell
proliferation seen in human cancers.



When mutated, proto-oncogenes can
become carcinogenic oncogenes that
drive excessive multiplication. The mutations
may cause the proto-oncogene to
yield too much of its encoded growth-stimulatory
protein or an overly active
form of it. Tumor suppressor genes, in
contrast, contribute to cancer when they
are inactivated by mutations. The resulting
loss of functional suppressor proteins
deprives the cell of crucial brakes
that prevent inappropriate growth.



For a cancerous tumor to develop,
mutations must occur in half a dozen or
more of the founding cell’s growth-controlling
genes. Altered forms of yet other
classes of genes may also participate
in the creation of a malignancy, by specifically
enabling a proliferating cell to
become invasive or capable of spreading
(metastasizing) throughout the body.








Tumor Development Occurs in Stages



The creation of a malignant tumor in epithelial tissue is depicted schematically
below. Epithelial cancers are the most common malignancies and
are called carcinomas. The mass seen here emerges as a result of mutations
in four genes, but the number of genes involved in real tumors can vary.
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Signaling Systems Go Awry



Vital clues to how mutated proto-oncogenes
and tumor suppressor
genes contribute to cancer came from
studying the roles played within the cell
by the normal counterparts of these
genes. After almost two decades of research,
we now view the normal genetic
functions with unprecedented clarity
and detail.



Many proto-oncogenes code for proteins
in molecular “bucket brigades” that
relay growth-stimulating signals from
outside the cell deep into its interior. The
growth of a cell becomes deregulated
when a mutation in one of its proto-oncogenes
energizes a critical growth-stimulatory
pathway, keeping it continuously
active when it should be silent.



These pathways within a cell receive
and process growth-stimulatory signals
transmitted by other cells in a tissue.
Such cell-to-cell signaling usually begins
when one cell secretes growth factors.
After release, these proteins move
through the spaces between cells and
bind to specific receptors—antenna-like
molecules—on the surface of other cells
nearby. Receptors span the outer membrane
of the target cells, so that one end
protrudes into the extracellular space,
and the other end projects into the cell’s
interior, its cytoplasm. When a growth-stimulatory
factor attaches to a receptor,
the receptor conveys a proliferative
signal to proteins in the cytoplasm.
These downstream proteins then emit
stimulatory signals to a succession of
other proteins, in a chain that ends in
the heart of the cell, its nucleus. Within
the nucleus, proteins known as transcription
factors respond by activating
a cohort of genes that help to usher the
cell through its growth cycle.



Some oncogenes force cells to overproduce
growth factors. Sarcomas and
gliomas (cancers, respectively, of connective
tissues and nonneuronal brain
cells) release excessive amounts of platelet-derived growth factor. A number of
other cancer types secrete too much
transforming growth factor alpha. These
factors act, as usual, on nearby cells,
but, more important, they may also
turn back and drive proliferation of the
same cells that just produced them.



Researchers have also identified oncogenic
versions of receptor genes. The
aberrant receptors specified by these oncogenes
release a flood of proliferative
signals into the cell cytoplasm even when
no growth factors are present to urge
the cell to replicate. For instance, breast
cancer cells often display Erb-B2 receptor
molecules that behave in this way.



Still other oncogenes in human tumors
perturb parts of the signal cascade found
in the cytoplasm. The best understood
example comes from the ras family of
oncogenes. The proteins encoded by
normal ras genes transmit stimulatory
signals from growth factor receptors to
other proteins farther down the line.
The proteins encoded by mutant ras genes, however, fire continuously, even
when growth factor receptors are not
prompting them. Hyperactive Ras proteins
are found in about a quarter of all
human tumors, including carcinomas
of the colon, pancreas and lung. (Carcinomas
are by far the most common
forms of cancer; they originate in epithelial
cells, which line the body cavities
and form the outer layer of the skin.) 


Yet other oncogenes, such as those in
the myc family, alter the activity of transcription
factors in the nucleus. Cells
normally manufacture Myc transcription
factors only after they have been
stimulated by growth factors impinging
on the cell surface. Once made, Myc
proteins activate genes that force cell
growth forward. But in many types of
cancer, especially malignancies of the
blood-forming tissues, Myc levels are
kept constantly high even in the absence
of growth factors. 


Discovery of trunk lines that carry
proliferative messages from the cell surface
to its nucleus has been more than
intellectually satisfying. Because these
pathways energize the multiplication of
malignant cells, they constitute attractive
targets for scientists intent on developing
new types of anticancer therapeutics.
In an exciting turn of events, as
many as half a dozen pharmaceutical
companies are working on drugs designed
to shut down aberrantly firing
growth factor receptors. At least three
other companies are attempting to develop
compounds that block the synthesis
of aberrant Ras proteins. Both groups of
agents halt excessive signaling in cultured
cancer cells, but their utility in blocking
the growth of tumors in animals and
humans remains to be demonstrated.







SIGNALING PATHWAYS in normal cells convey growth-controlling
messages from the outer surface deep into the nucleus.
There a molecular apparatus known as the cell cycle clock collects
the messages and decides whether the cell should divide.
Cancer cells often proliferate excessively because genetic mutations
cause stimulatory pathways (green) to issue too many
“go” signals or because inhibitory pathways (red) can no longer
convey “stop” signals. A stimulatory pathway will become hyperactive
if a mutation causes any component, such as a growth
factor receptor (box at left), to issue stimulatory messages autonomously,
without waiting for commands from upstream.
Conversely, inhibitory pathways will shut down when some
constituent, such as a cytoplasmic relay (box at right), is eliminated
and thus breaks the signaling chain.
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Tumor Suppressors Stop Working



To become malignant, cells must do
more than overstimulate their
growth-promoting machinery. They
must also devise ways to evade or ignore
braking signals issued by their normal
neighbors in the tissue. Inhibitory
messages received by a normal cell flow
to the nucleus much as stimulatory signals
do—via molecular bucket brigades.
In cancer cells, these inhibitory brigades
may be disrupted, thereby enabling the
cell to ignore normally potent inhibitory
signals at the surface. Critical components
of these brigades, which are specified
by tumor suppressor genes, are absent
or inactive in many types of cancer
cells.



A secreted substance called transforming
growth factor beta (TGF-ß) can stop
the growth of various kinds of normal
cells. Some colon cancer cells become
oblivious to TGF-ß by inactivating a
gene that encodes a surface receptor for
this substance. Some pancreatic cancers
inactivate the DPC4 gene, whose protein
product may operate downstream
of the growth factor receptor. And a variety
of cancers discard the p15 gene,
which codes for a protein that, in response to signals from TGF-ß, normally
shuts down the machinery that guides
the cell through its growth cycle.



Tumor suppressor proteins can also
restrain cell proliferation in other ways.
Some, for example, block the flow of
signals through growth-stimulatory circuits.
One such suppressor is the product
of the NF-1 gene. This cytoplasmic
molecule ambushes the Ras protein before
it can emit its growth-promoting
directives. Cells lacking NF-1, then, are
missing an important counterbalance
to Ras and to unchecked proliferation.



Various studies have shown that the
introduction of a tumor suppressor gene
into cancer cells that lack it can restore
a degree of normalcy to the cells. This
response suggests a tantalizing way of
combating cancer—by providing cancer
cells with intact versions of tumor suppressor
genes they lost during tumor development.
Although the concept is attractive,
this strategy is held back by the
technical difficulties still encumbering
gene therapy for many diseases. Current
procedures fail to deliver genes to a large
proportion of the cells in a tumor. Until
this logistical obstacle is surmounted,
the use of gene therapy to cure cancer
will remain a highly appealing but unfulfilled
idea.







Some Genes Involved in Human Cancers



Genes known as proto-oncogenes code for proteins that stimulate cell division;
mutated forms, called oncogenes, can cause the stimulatory proteins to be overactive,
with the result that cells proliferate excessively. Tumor suppressor genes code
for proteins that inhibit cell division. Mutations can cause the proteins to be inactivated
and may thus deprive cells of needed restraints on proliferation. Investigators
are still trying to decipher the specific functions of many tumor suppressor genes.	
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The Clock Is Struck



Over the past five years, impressive
evidence has uncovered the destination
of stimulatory and inhibitory
pathways in the cell. They converge on
a molecular apparatus in the cell nucleus
that is often referred to as the cell cycle
clock. The clock is the executive decision
maker of the cell, and it apparently
runs amok in virtually all types of
human cancer. In the normal cell, the
clock integrates the mixture of growth-regulating
signals received by the cell
and decides whether the cell should pass
through its life cycle. If the answer is
positive, the clock leads the process.



The cell cycle is composed of four
stages. In the G1 (gap 1) phase, the cell
increases in size and prepares to copy its
DNA. This copying occurs in the next
stage, termed S (for synthesis), and enables
the cell to duplicate precisely its
complement of chromosomes. After the
chromosomes are replicated, a second
gap period, termed G2, follows during
which the cell prepares itself for M (mitosis)—the time when the enlarged parent cell finally divides in half to produce
its two daughters, each of which is endowed
with a complete set of chromosomes.
The new daughter cells immediately
enter G1 and may go through the
full cycle again. Alternatively, they may
stop cycling temporarily or permanently.



The cell cycle clock programs this
elaborate succession of events by means
of a variety of molecules. Its two essential
components, cyclins and cyclin-dependent
kinases (CDKs), associate with
one another and initiate entrance into
the various stages of the cell cycle. In
G1, for instance, D-type cyclins bind to
CDKs 4 or 6, and the resulting complexes
act on a powerful growth-inhibitory
molecule—the protein known as pRB.
This action releases the braking effect
of pRB and enables the cell to progress
into late G1 and thence into S (DNA
synthesis) phase (see b in "The Cell Cycle Clock and Cancer" figure that follows).



Various inhibitory proteins can restrain
forward movement through the
cycle. Among them are p15 (mentioned
earlier) and p16, both of which block
the activity of the CDK partners of cyclin D, thus preventing the advance of
the cell from G1 into S. Another inhibitor
of CDKs, termed p21, can act
throughout the cell cycle. P21 is under
control of a tumor suppressor protein,
p53, that monitors the health of the
cell, the integrity of its chromosomal
DNA and the successful completion of
the different steps in the cycle.



Breast cancer cells often produce excesses
of cyclin D and cyclin E. In many
cases of melanoma, skin cells have lost
the gene encoding the braking protein
p16. Half of all types of human tumors
lack a functional p53 protein. And in
cervical cancers triggered by infection
of cells with a human papillomavirus,
both the pRB and p53 proteins are frequently
disabled, eliminating two of the
clock’s most vital restraints. The end result
in all these cases is that the clock
begins to spin out of control, ignoring
any external warnings to stop. If investigators
can devise ways to impose clamps
on the cyclins and CDKs active in the
cell cycle, they may be able to halt cancer
cells in their tracks.



I have so far discussed two ways that
our tissues normally hold down cell proliferation
and avoid cancer. They prevent
excess multiplication by depriving
a cell of growth-stimulatory factors or,
conversely, by showering it with antiproliferative
factors. Still, as we have seen,
cells on their way to becoming cancerous
often circumvent these controls: they
stimulate themselves and turn a deaf ear
to inhibitory signals. Prepared for such
eventualities, the human body equips
cells with certain backup systems that
guard against runaway division. But
additional mutations in the cell’s genetic
repertoire can overcome even these
defenses and contribute to cancer.









The Cell Cycle Clock and Cancer



Most, perhaps all, human cancers grow inappropriately not
only because signaling pathways in cells are perturbed
but also because the so-called cell cycle clock becomes deranged.
The clock—composed of an assembly of interacting proteins in
the nucleus—normally integrates messages from the stimulatory
and inhibitory pathways and, if the stimulatory messages win
out, programs a cell’s advance through its cycle of growth and division.
Progression through the four stages of the cell cycle (a) is
driven to a large extent by rising levels of proteins called cyclins:
first the D type, followed by E, A and then B.



A crucial step in the cycle occurs late in G1 at the restriction
point (R), when the cell decides whether to commit itself to completing
the cycle. For the cell to pass through R and enter S, a
molecular “switch” must be flipped from “off” to “on.” The switch
works as follows (b): As levels of cyclin D and, later, cyclin E rise,
these proteins combine with and activate enzymes called cyclin-dependent
kinases (1). The kinases (acting as part of cyclin-kinase
complexes) grab phosphate groups (2) from molecules of
ATP (adenosine triphosphate) and transfer them to a protein called
pRB, the master brake of the cell cycle clock. When pRB lacks
phosphates, it actively blocks cycling (and keeps the switch in
the “off” position) by sequestering other proteins termed transcription
factors. But after the cyclin-kinase complexes add
enough phosphates to pRB, the brake stops working (3; bottom);
it releases the factors, freeing them to act on genes (3; top). The
liberated factors then spur production of various proteins required
for continued progression through the cell cycle.



In figure c below, the switch is placed in the larger context of
the many molecular interactions that regulate the cell cycle. Flipping
of the switch to “on” can be seen above the R point. Overactivity
of the stimulatory proteins cyclin D, cyclin E and CDK4 have
been implicated in certain human cancers. Inactivation of various
inhibitory proteins has also been documented. The affected proteins
include p53 (lost or ineffective in more than half of all tumor
types), pRB, p16 and p15. The net effect of any of these changes
is deregulation of the clock and, in turn, excessive proliferation of
the cell. 



—R.A.W.
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Fail-Safe Systems Fail



One such backup system, present in
each human cell, provokes the cell
to commit suicide (undergo “apoptosis”)
if some of its essential components
are damaged or if its control systems
are deregulated. For example, injury to
chromosomal DNA can trigger apoptosis.
Further, recent work from a number
of laboratories indicates that creation
of an oncogene or the disabling of
a tumor suppressor gene within a cell
can also induce this response. Destruction
of a damaged cell is bad for the cell
itself but makes sense for the body as a
whole: the potential dangers posed to
the organism by carcinogenic mutations
are far greater than the small price paid
in the loss of a single cell. The tumors
that emerge in our tissues, then, would
seem to arise from the rare, genetically
disturbed cell that somehow succeeds
in evading the apoptotic program hardwired
into its control circuitry.



Developing cancer cells devise several
means of evading apoptosis. The p53
protein, among its many functions, helps
to trigger cell suicide; its inactivation by
many tumor cells reduces the likelihood
that genetically troubled cells will be
eliminated. Cancer cells may also make
excessive amounts of the protein Bcl-2,
which wards off apoptosis efficiently.



Recently scientists have realized that
this ability to escape apoptosis may endanger
patients not only by contributing
to the expansion of a tumor but also by
making the resulting tumors resistant to
therapy. For years, it was assumed that
radiation therapy and many chemotherapeutic
drugs killed malignant cells directly,
by wreaking widespread havoc
in their DNA. We now know that the
treatments often harm DNA to a relatively
minor extent. Nevertheless, the
affected cells perceive that the inflicted
damage cannot be repaired easily, and
they actively kill themselves. This discovery
implies that cancer cells able to
evade apoptosis will be far less responsive
to treatment. By the same token, it
suggests that therapies able to restore a
cell’s capacity for suicide could combat
cancer by improving the effectiveness of
existing radiation and chemotherapeutic
treatment strategies.



A second defense against runaway
proliferation, quite distinct from the
apoptotic program, is built into our cells
as well. This mechanism counts and limits
the total number of times cells can
reproduce themselves.



Cells Become Immortal



Much of what is known about this
safeguard has been learned from
studies of cells cultured in a petri dish.
When cells are taken from a mouse or
human embryo and grown in culture,
the population doubles every day or so.
But after a predictable number of doublings—50 to 60 in human cells—growth
stops, at which point the cells are said to
be senescent. That, at least, is what happens
when cells have intact RB and p53
genes. Cells that sustain inactivating mutations
in either of these genes continue
to divide after their normal counterparts
enter senescence. Eventually, though, the
survivors reach a second stage, termed
crisis, in which they die in large numbers.
An occasional cell in this dying
population, however, will escape crisis
and become immortal: it and its descendants
will multiply indefinitely.



These events imply the existence of a
mechanism that counts the number of
doublings through which a cell population
has passed. During the past several
years, scientists have discovered the molecular
device that does this counting.
DNA segments at the ends of chromosomes, known as telomeres, tally the
number of replicative generations
through which cell populations pass
and, at appropriate times, initiate senescence
and crisis. In so doing, they circumscribe
the ability of cell populations
to expand indefinitely.



Like the plastic tips on shoelaces, the
telomere caps protect chromosomal ends
from damage. In most human cells, telomeres
shorten a bit every time chromosomes
are replicated during the S phase
of the cell cycle. Once the telomeres
shrink below some threshold length, they
sound an alarm that instructs cells to
enter senescence. If cells bypass senescence,
further shrinkage of the telomere
will eventually trigger crisis: extreme
shortening of the telomeres will cause
the chromosomes in a cell to fuse with
one another or to break apart, creating
genetic chaos that is fatal to the cell.



If the telomere-based counting system
operated properly in cancerous cells,
their excessive proliferation would be
aborted long before tumors became very
large. Dangerous expansion would be
stemmed by the senescence program or,
if the cell evaded that blockade, by disruption
of the chromosomal array at
crisis. But this last defense is breached
during the development of most cancer
cells, overcome by activation of a gene
that codes for the enzyme telomerase.



This enzyme, virtually absent from
most healthy cell types but present in
almost all tumor cells, systematically replaces
telomeric segments that are usually
trimmed away during each cell cycle.
In so doing, it maintains the integrity
of the telomeres and thereby enables
cells to replicate endlessly. The resulting
cell immortality can be troublesome in
a couple of ways. Obviously, it allows
tumors to grow large. It also gives precancerous
or already cancerous cells
time to accumulate additional mutations
that will increase their ability to replicate,
invade and ultimately metastasize.



From the point of view of a cancer
cell, production of a single enzyme is a
clever way to topple the mortality barrier.
Yet dependence on one enzyme
may represent an Achilles’ heel as well.
If telomerase could be blocked in cancer
cells, their telomeres would once
again shrink whenever they divided,
pushing these cells into crisis and death.
For that reason, a number of pharmaceutical
firms are attempting to develop
drugs that target telomerase.



Why Some Cancers Appear Early



It normally takes decades for an incipient
tumor to collect all the mutations
required for its malignant growth.
In some individuals, however, the time
for tumor development is clearly compressed;
they contract certain types of
cancer decades before the typical age of
onset of these cancers. How can tumor
formation be accelerated?



In many cases, this early onset is explained
by the inheritance from one or
the other parent of a mutant cancer-causing
gene. As a fertilized egg begins
to divide and replicate, the set of genes
provided by the sperm and egg is copied
and distributed to all the body’s
cells. Now a typically rare event—a mutation
in a critical growth-controlling
gene—becomes ubiquitous, because the
mutation is implanted in all the body’s
cells, not merely in some randomly
stricken cell. In other words, the process
of tumor formation leapfrogs over one
of its early, slowly occurring steps, accelerating
the process as a whole. As a
consequence, tumor development, which
usually requires three or four decades
to reach completion, may culminate in
one or two. Because such mutant genes
can pass from generation to generation,
many members of a family may be at
risk for the early development of cancer.



An inherited form of colon cancer provides
a dramatic example. Most cases of
colon cancer occur sporadically, the results
of random genetic events occurring
during a person’s lifetime. In certain families,
however, many individuals are afflicted
with early-onset colonic tumors,
preordained by an inherited gene. In the
sporadic cases, a rare mutation silences
a tumor suppressor gene called APC in
an intestinal epithelial cell. The resulting
proliferation of the mutant cell yields a
benign polyp that may eventually progress
to a malignant carcinoma. But defective
forms of APC may pass from
parents to children in certain families.
Members of these families develop hundreds,
even thousands of colonic polyps
during the first decades of life, some of
which are likely to become transformed
into carcinomas.



The list of familial cancer syndromes
that are now traceable directly to inheritance
of mutant tumor suppressor genes
is growing. For instance, inherited defective
versions of the gene for pRB often
lead to development of an eye cancer—retinoblastoma—in children; later in life
the mutations account for a greatly increased
risk of osteosarcomas (bone cancers).
Mutant inherited versions of the
p53 tumor suppressor gene yield tumors
at multiple sites, a condition known as
the Li-Fraumeni syndrome.
And the recently isolated BRCA1 and
BRCA2 genes seem to account for the
bulk of familial breast cancers, encompassing
as many as 20 percent of all premenopausal
breast cancers in this country
and a substantial proportion of familial
ovarian cancers as well.



Early onset of tumors is sometimes
explained by inheritance of mutations
in another class of genes as well. As I
implied earlier, most people avoid cancer
until late in life or indefinitely because
they enter the world with pristine
genes. During the course of a lifetime,
however, our genes are attacked by carcinogens
imported into our bodies from
the environment and also by chemicals
produced in our own cells. And genetic
errors may be introduced when the enzymes
that replicate DNA during cell
cycling make copying mistakes. For the
most part, such errors are rapidly corrected
by a repair system that operates
in every cell. Should the repair system
slip up and fail to erase an error, the
damage will become a permanent mutation
in one of the cell’s genes and in
that same gene in all descendant cells.



The system’s high repair efficiency is
one reason many decades can pass before
all the mutations needed for a malignancy to develop will, by chance,
come together within a single cell. Certain
inherited defects, though, can accelerate
tumor development through a
particularly insidious means: they impair
the operation of proteins that repair
damaged DNA. As a result, mutations
that would normally accumulate
slowly will appear with alarming frequency
throughout the DNA of cells.
Among the affected genes are inevitably
those controlling cell proliferation.



Such is the case in another inherited
colon cancer, hereditary nonpolyposis
colon cancer. Afflicted individuals make
defective versions of a protein responsible
for repairing the copying mistakes
made by the DNA replication apparatus.
Because of this impairment, colonic
cells cannot fix DNA damage efficiently;
they therefore collect mutations rapidly,
accelerating cancer development by two
decades or more. People affected by another
familial cancer syndrome, xeroderma
pigmentosum, have inherited a
defective copy of a gene that directs the
repair of DNA damaged by ultraviolet
rays. These patients are prone to several
types of sunlight-induced skin cancer.



Similarly, cells of people born with a
defective ATM gene have difficulty recognizing
the presence of certain lesions
in the DNA and mobilizing the appropriate
repair response. These people are
susceptible to neurological degeneration,
blood vessel malformation and a variety
of tumors. Some researchers have proposed
that as many as 10 percent of inherited
breast cancers may arise in patients
with a defective copy of this gene.



Over the next decade, the list of cancer
susceptibility genes will grow dramatically,
one of the fruits of the Human
Genome Project (which seeks to identify
every gene in the human cell). Together
with the increasingly powerful tools of
DNA analysis, knowledge of these genes
will enable us to predict which members
of cancer-prone families are at high risk
and which have, through good fortune,
inherited intact copies of these genes.



Beyond Proliferation



Although we have learned an enormous
amount about the genetic
basis of runaway cell proliferation, we
still know rather little about the mutant
genes that contribute to later stages of
tumor development, specifically those
that allow tumor cells to attract blood
vessels for nourishment, to invade nearby
tissues and to metastasize. But research
in these areas is moving rapidly. 



We are within striking distance of
writing the detailed life histories of many
human tumors from start to life-threatening
finish. These biographies will be
written in the language of genes and
molecules. Within a decade, we will
know with extraordinary precision the
succession of events that constitute the
complex evolution of normal cells into
highly malignant, invasive derivatives.



By then, we may come to understand
why certain localized masses never progress
beyond their benign, noninvasive
form to confront us with aggressive malignancy.
Such benign growths can be
found in almost every organ of the body.
Perhaps we will also discern why certain
mutant genes contribute to the formation
of some types of cancer but not others.
For example, mutant versions of the RB
tumor suppressor gene appear often in
retinoblastoma, bladder carcinoma and
small cell lung carcinoma but are seen
only occasionally in breast and colon carcinomas.
Very likely, many of the solutions
to these mysteries will flow from
research in developmental biology (embryology).
After all, the genes that govern
embryonic development are, much
later, the sources of our malignancies.



By any measure, the amount of information
gathered over the past two decades
about the origins of cancer is without
parallel in the history of biomedical
research. Some of this knowledge has
already been put to good use, to build
molecular tools for detecting and determining
the aggressiveness of certain types
of cancer. Still, despite so much insight
into cause, new curative therapies have
so far remained elusive. One reason is
that tumor cells differ only minimally
from healthy ones; a minute fraction of
the tens of thousands of genes in a cell
suffers damage during malignant transformation.
Thus, normal friend and
malignant foe are woven of very similar
cloth, and any fire directed against the
enemy may do as much damage to normal
tissue as to the intended target.



Yet the course of the battle is changing.
The differences between normal and
cancer cells may be subtle, but they are
real. And the unique characteristics of
tumors provide excellent targets for intervention
by newly developed drugs. The development
of targeted anticancer therapeutics
is still in its infancy. This enterprise
will soon move from hit-or-miss,
serendipitous discovery to rational design
and accurate targeting. I suspect
that the first decade of the new century
will reward us with cancer therapies
that earlier generations could not have
dreamed possible. Then this nation’s
long investment in basic cancer research
will begin to pay off handsomely.







--Originally published: Scientific American 275(3); 62-70 (September 1996).






	
	    
Retrovirus Linked to Aggressive Prostate Cancer

by Katherine Harmon




The cause of prostate cancer, which infects one in six U.S. men in their lifetimes, has long eluded researchers. A new study presents a convincing argument that prostate cancer, like some other cancers, including cervical cancer, lymphoma and sarcomas, might be linked to a virus. 



Researchers, reporting in a study that was published in the Proceedings of the National Academy of Sciences, found that the retrovirus xenotropic murine leukemia virus-related virus (XMRV) was present in about a quarter of cancerous prostate cells—and just 6 percent of control cells, which suggests a possible relationship. Additionally, "the virus is more likely to be present the more aggressive the prostate cancer is," says Ila Singh, a co-author of the study and an associate professor in pathology at the University of Utah in Salt Lake City.  



The link between viruses and some cancers has been accepted for decades, and according to Joseph DeRisi, a professor of biochemistry and biophysics at the University of California, San Francisco and an investigator at the Howard Hughes Medical Institute—and who wasn't involved in the report—some 15 percent of cancers are now known to be linked to viruses. Previous research in DeRisi's lab had described the presence of XMRV in prostate cancers a few years ago, but small sample sizes and lack of a non-cancerous control group prevented definitive correlation. 



For such a common cancer—one that kills 3 percent of men worldwide—this is the first viral link to be found. "It's the only viral candidate for prostate cancer," says Singh.



The virus is a gammaretrovirus, which has been known to cause cancer in some animals, including rodents, cats and monkeys, but had not previously been found in humans. Retroviruses can integrate onto the chromosomes of a host, and if they happen to land on a cellular gene that controls growth, it can become overactive, "and you get a tumor," explains Singh. 



Singh and her team also determined that the virus is not linked to a genetic mutation, as had previously been assumed—a finding that means all men are susceptible. 



To find the viral link, the researchers built on the previous findings of XMRV in prostate cancer and tested 233 samples of prostate cancer cells and 101 benign control sample cells. "We have shown that the virus is actually present," Singh says. Her team's next step is to figure out whether this correlation is in fact causation. 



"I think that's going to take a long time and a lot of work to resolve," DeRisi says. He notes that news of the findings is intriguing, and says that the result "raises the possibility of a more causal role." 



Researchers are still unsure of the mechanisms at work in XMRV and how men might get it in the first place. Discovering how the virus is transmitted might help Singh and others better understand how it goes to work in the prostate cells. "What is really important to know," says DeRisi, is "whether XMRV is something all people are exposed to."



Finding the route of transmission might also pave the way for preventative measures. If it turns out to be sexually transmitted, protective measures might help decrease its prevalence. But as a more sure-fire method, would a simple vaccine, akin to that being used to ward off human papillomavirus (HPV) be possible if the virus is established as a cause of the cancer? "We hope that we could do something like that," Singh says. 



If the virus does indeed turn out to be the culprit, at least behind the most aggressive forms of prostate cancer, the discovery might not mean much for men who have already been diagnosed. "It means a lot more, probably, for prevention," Singh says. However, she notes, "If you could diagnose the virus before the person has cancer, that may be something." Future testing technologies could also be useful for screening donated blood, which is already tested for lymphoma and leukemia-causing agents. 



In the meantime, Singh's team is not abandoning the rest of the body. The virus is  "absolutely worth looking for" in other places, she says. The team is studying breast cancer and hundreds of other cancers to see if this same virus might be at work. Given its discovery in the prostate, researchers are keen to see if it is encouraged in the presence of hormones like testosterone. 



Despite the broad hunt for the virus and its origins, Singh and her team are especially focused on "experiments that will bring us closer to proving that the virus is a cause—or not." And that alone might keep the researchers busy, with thousands of integration sites to sequence and a growing mass of questions still unanswered.







--Originally published: Scientific American Online, September 7, 2009.






	
	    
Stem Cells: The Real Culprits in Cancer?

by Michael F. Clarke & Michael W. Becker




After more than 30 years of declared
war on cancer, a few important victories
can be claimed, such as 85 percent
survival rates for some childhood cancers
whose diagnoses once represented a
death sentence. In other malignancies, new
drugs are able to at least hold the disease at
bay, making it a condition with which a patient
can live. In 2001, for example, Gleevec
was approved for the treatment of chronic
myelogenous leukemia (CML). The drug has
been a huge clinical success, and many patients
are now in remission following treatment
with Gleevec. But evidence strongly
suggests that these patients are not truly
cured, because a reservoir of malignant cells
responsible for maintaining the disease has
not been eradicated.



Conventional wisdom has long held that
any tumor cell remaining in the body could
potentially reignite the disease. Current treatments
therefore focus on killing the greatest
number of cancer cells. Successes with this
approach are still very much hit-or-miss,
however, and for patients with advanced cases
of the most common solid-tumor malignancies,
the prognosis remains poor.



Moreover, in CML and a few other cancers
it is now clear that only a tiny percentage
of tumor cells have the power to produce
new cancerous tissue and that targeting
these specific cells for destruction may be a
far more effective way to eliminate the disease.
Because they are the engines driving
the growth of new cancer cells and are very
probably the origin of the malignancy itself,
these cells are called cancer stem cells. But
they are also quite literally believed to have
once been normal stem cells or their immature
offspring that have undergone a malignant
transformation.



This idea—that a small population of
malignant stem cells can cause cancer—is
far from new. Stem cell research is considered
to have begun in earnest with studies
during the 1950s and 1960s of solid tumors
and blood malignancies. Many basic principles
of healthy tissue genesis and development
were revealed by these observations
of what happens when the normal processes
derail.



Today the study of stem cells is shedding
light on cancer research. Scientists have
filled in considerable detail over the past 50
years about mechanisms regulating the behavior
of normal stem cells and the cellular
progeny to which they give rise. These fresh
insights, in turn, have led to the discovery of
similar hierarchies among cancer cells within a tumor, providing
strong support for the theory that rogue stemlike cells
are at the root of many cancers. Successfully targeting these
cancer stem cells for eradication therefore requires a better
understanding of how a good stem cell could go bad in the
first place.



Orderly Conduct



The human body is a highly compartmentalized system
made up of discrete organs and tissues, each performing a
function essential to maintaining life. Individual cells that
make up these tissues are often short-lived, however. The skin
covering your body today is not really the same skin that you
had a month ago, because its
surface cells have all since
sloughed off and been replaced.
The lining of the gut
turns over every couple of
weeks, and the life span of
the platelets that help to clot
blood is about 10 days.



The mechanism that maintains a constant population of
working cells in such tissues is consistent throughout the
body and, indeed, is highly conserved among all complex
species. It centers on small pools of long-lived stem cells that
serve as factories for replenishing supplies of functional cells.
This manufacturing process follows tightly regulated and organized
steps wherein each generation of a stem cell’s offspring
becomes increasingly specialized.



This system is perhaps best exemplified by the hematopoietic
family of blood and immune cells. All the functional cells
found in the blood and lymph arise from a single common
parent known as the hematopoietic stem cell (HSC), which
resides in bone marrow. The HSC pool represents less than
0.01 percent of bone marrow cells in adults, yet each of these
rare cells gives rise to a larger, intermediately differentiated
population of progenitor cells. Those in turn divide and differentiate
further through several stages into mature cells
responsible for specific tasks, ranging from defending against
infection to carrying oxygen to tissues. By the time a cell reaches that final functional stage, it
has lost all ability to proliferate or to alter its destiny and is
said to be terminally differentiated.



The stem cells themselves meanwhile remain undifferentiated,
a state they maintain through their unique capacity for
self-renewal: to begin producing new tissues, a stem cell divides
in two, but only one of the resulting daughter cells might
proceed down a path toward increasing specificity. The other
daughter may instead retain the stem cell identity. Numbers
in the overall stem cell pool can thus remain constant,
whereas the proliferation of intermediate progenitors allows
populations of specific hematopoietic
cell types to expand
rapidly in response to
changing needs.


The capacity of stem cells
  to re-create themselves
  through self-renewal is their
  most important defining
  property. It gives them alone the potential for unlimited life
  span and future proliferation. In contrast, progenitors have
  some ability to renew themselves during proliferation, but
  they are restricted by an internal counting mechanism to a
  finite number of cell divisions. With increasing differentiation,
  the ability of the progenitors’ offspring to multiply declines
  steadily. 


The practical significance of these distinctions can be observed
when hematopoietic stem cells or their descendants
are transplanted. After the bone marrow of a mouse is irradiated
to destroy the native hematopoietic system, progenitor
cells delivered into the marrow environment can proliferate
and restore hematopoiesis temporarily, but after four to eight
weeks those cells will die out. A single transplanted hematopoietic
stem cell, on the other hand, can restore the entire
blood system for the lifetime of the animal.



The hematopoietic system’s organization has been well
understood for more than 30 years, but similar cellular hierarchies
have recently been identified in other human tissues,
including brain, breast, prostate, large and small intestines,
and skin. Principles of regulated stem cell behavior are
also shared across these tissues, including specific mechanisms
for controlling stem cell numbers and for directing
decisions about the fates of individual cells. Several genes
and the cascades of events triggered by their activity—known
as genetic pathways—play key roles in dictating stem cells’
fate and function, for example. Among these are signaling
pathways headed by the Bmi-1, Notch, Sonic hedgehog and
Wnt genes. Yet most of these genes were first identified not
by scientists studying stem cells but by cancer researchers,
because their pathways are also involved in the development
of malignancies.



Many such similarities between stem cells and cancer cells
have been noted. The classical definition of malignancy itself
includes cancer cells’ apparent capacity to survive and multiply
indefinitely, their ability to invade neighboring tissues and
to migrate (metastasize) to distant sites in the body. In effect,
the usual constraints that tightly control cellular proliferation
and identity seem to have been lifted from cancer cells.



Normal stem cells’ power to self-renew already exempts
them from the rules limiting life span and proliferation for
most cells. Stem cells’ ability to differentiate into a broad range
of cell types allows them to form all the different elements of
an organ or tissue system. A hallmark of tumors, too, is the
heterogeneity of cell types they contain, as though the tumor
were a very disorderly version of a whole organ. Hematopoietic stem cells have been shown to migrate to distant parts of
the body in response to injury signals, as have cancer cells.



In healthy stem cells, strict genetic regulation keeps their
potential for unlimited growth and diversification in check.
Remove those control mechanisms, and the result would be
some thing that sounds very much like malignancy. These
commonalities, along with growing experimental evidence,
suggest that failures in stem cell regulation are how many
cancers get started, how they perpetuate themselves, and possibly
how malignancies can spread.










HIERARCHY IN BLOOD-FORMING CELLS



Stem cells in the blood-forming, or hematopoietic, system
illustrate principles governing the activity of stem cells in
other tissues as well. A small population of hematopoietic
stem cells (HSCs) in the bone marrow is the source of most
of the different blood and immune cell types that circulate
in the human body. HSCs reside in an environmental niche,
surrounded by stromal cells that provide important regulatory
signals to the stem cell. When new blood or immune cells are
needed, an HSC divides to produce one daughter cell that
remains in the niche and retains the long-term HSC identity
and another short-lived daughter termed a multipotent
progenitor cell (MPP). The MPP, in turn, divides to produce
progenitors committed to generating cells in the myeloid
(blood) or lymphoid (immune) lineages. As the descendants
of progenitors become increasingly specialized, they
experience a programmed decline in their ability to
proliferate until they stop dividing and are said to be
terminally differentiated. Only the stem cell retains unlimited
proliferative potential through its ability to renew itself
indefinitely by dividing without differentiating.	
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Credit: Tami Tolpa	












Achilles’ Heel



The presence of stem cells in certain tissues, especially
those with high cell turnover such as the gut and the
skin, seems to be an overly complicated and inefficient system
for replacing damaged or old cells. Would it not appear to
make more sense for an organism
if every cell could simply
proliferate as needed to supply
replacements for its injured
neighbors? On the surface,
perhaps—but that would make
every cell in the body a potential
cancer cell.



Malignancies are believed to arise when an accumulation
of “oncogenic” changes to key genes within a cell leads to the
abnormal growth and transformation of that cell. Gene mutations
typically happen through a direct insult, such as the
cell being exposed to radiation or chemicals, or simply
through random error when the gene is improperly copied
before cell division. Because the rare stem cells are the only
long-lived cells in the organs where most cancers develop,
they represent a much smaller potential reservoir for cumulative
genetic damage that could eventually lead to cancer. Unfortunately,
because stem cells are so long-lived, they also
become the most likely repository for such damage.



Indeed, stem cells’ longevity would explain why many
cancers develop decades after tissues are subjected to radiation—the initial injury may be only the first in a series of
mutations required to transform a healthy cell into a malignant
one. In addition to accumulating and preserving these
oncogenic scars, a stem cell’s enormous proliferative capacity
makes it an ideal target for malignancy. Because nature
so strictly regulates self-renewal, a cell population already
possessing that ability would need fewer additional mutations
for malignant transformation than would cells lacking
that capacity.



With these considerations in mind, several possible paths
to malignancy become apparent. In one model, mutations
occur in the stem cells themselves, and their resulting loss of
control over self-renewal decisions produces a pool of stem
cells predisposed to malignancy. Subsequent additional oncogenic
events that trigger proliferation of the malignant cells
into a tumor might happen in the stem cells or in their descendants,
the committed progenitor cell population. A second
model holds that oncogenic mutations initially occur in stem
cells but that the final steps in transformation to cancer happen
only in the committed progenitors.
This scenario would
require the progenitors’ lost
self-renewal capacity to be
somehow reactivated.



Current evidence supports
both models in different cancers.
And at least one example
exists of both processes playing a role in different stages of the
same disease. Chronic myelogenous leukemia is a cancer of
the white blood cells caused by the inappropriate fusion of
two genes. Insertion of the resulting fused gene will transform
a normal hematopoietic stem cell into a leukemia stem cell.
Untreated, CML invariably progresses to an acute form
known as CML blast crisis. Catriona Jamieson and Irving
Weissman, both then at the Stanford University School of
Medicine, demonstrated that in patients who progressed to
CML blast crisis, the specific additional genetic events responsible
for this more virulent version of the disease had conferred
the ability to self-renew on certain progenitor cells.



Steady Pursuit



Over the past decade, evidence that stem cells could
become malignant and that only certain cancer cells shared a
variety of traits with stem cells strengthened the idea that the
driving force underlying tumor growth might be a subpopulation
of stemlike cancer cells. The theory has a longer history,
but in the past the technology to prove it was lacking.



By the 1960s a few scientists were already beginning to
note that groups of cells within the same tumor differed in
their ability to produce new tumor tissue. In 1971 C. H. Park
and his colleagues at the University of Toronto showed that
within a culture of cells taken from an original, or “primary,”
myeloma (a cancer affecting plasma cells in bone marrow),
the cells displayed significant differences in their ability to
proliferate. At the time, Park’s group could not interpret this
phenomenon decisively, because at least two explanations
were possible: all the cells might have had the ability to multiply
in culture but by chance only some of them did, or else
a hierarchy of cells was present in the tumor and cancer stem
cells were giving rise to cells that were nontumorigenic, or
incapable of proliferation.



Philip J. Fialkow of the University of Washington had already
demonstrated in 1967 that the stem cell model was probably
the correct one for leukemia. Using a cell-surface protein
marker called G-6-PD, which can identify a cell’s lineage, Fialkow
showed that in some women with leukemia, both the
tumorigenic cells as well as their more differentiated nontumorigenic
progeny had all arisen from the same parent cell.



These early studies were critical in the development of the
stem cell model for cancer, but they were still limited by researchers’
inability to isolate and examine different cell populations
within a tumor. A key event in stem cell biology,
therefore, was the commercial availability, beginning in the
1970s, of an instrument called a flow cytometer, which can
automatically sort different living cell populations based on
the unique surface markers they bear.



A second crucial event in the evolution of cancer stem cell
studies was the advent during the 1990s of conclusive tests for
self-renewal. Assays to establish self-renewal in human cells
did not exist until Weissman of Stanford and John E. Dick of
the University of Toronto developed methods that allowed normal
human stem cells to grow in mice. Using flow cytometry
and this new mouse model, Dick began in 1994 to publish a
series of seminal reports identifying cancer stem cells in leukemia.
In 2003 Richard Jones of Johns Hopkins University identified a cancer stem cell population in multiple myeloma.



Earlier the same year our own laboratory group at the
University of Michigan at Ann Arbor had published the first
evidence of cancer stem cells in solid tumors. By transplanting
sorted populations of cells from human breast tumors into
mice, we were able to confirm that not all human breast cancer
cells have the same capacity to generate new tumor tissue.
Only one subpopulation of the cells was able to re-create the
original tumor in the new environment. We then compared
the phenotype, or physical traits, of those new tumors with
that of the patient samples and found that the profile of the
new tumors recapitulated the original. This finding indicated
that the transplanted tumorigenic cells could both self-renew
and give rise to all the different cell populations present in the
original tumor, including the nontumorigenic cells.



Our study attested to the presence of a hierarchy of cells
within a breast cancer similar to those identified in blood
malignancies. Since then, the investigation of cancer stem cell
biology has exploded, as labs across the world continue to
find similar subpopulations of tumorigenic cells in other
forms of cancer. In 2004, for example, the laboratory of Peter
Dirks of the University of Toronto identified cells from primary
human central nervous system tumors with the capacity
to regenerate the entire tumor in mice. Since then, the
phenotypes of cancer stem cell populations for colorectal
cancer, lung cancer, melanoma, prostate cancer and pancreatic
cancer have been reported.



A related area of recent intensive investigation is also providing
support for the cancer stem cell model. The signaling
environment, or niche, in which tumors reside appears to
strongly influence the initiation and maintenance of malignancy.
Studies of normal body cells as well as of stem cells
have already established the essential role of signals emanating
from surrounding tissue and the supportive extracellular
matrix in sustaining a given cell’s identity and in directing
its behavior. Normal cells removed from their usual context
in the body and placed in a dish have a tendency to lose some
of their differentiated functional characteristics, for example.
Stem cells, in contrast, must be cultured on a medium
that provides signals telling them to remain undifferentiated,
or they will quickly begin proliferating and differentiating—seemingly as though that is their default programmed
behavior, and only the niche signals hold it in check.



In the body, stem cell niches are literal enclaves surrounded
by specific cell types, such as stromal cells that form connective
tissue in the bone marrow. With a few exceptions,
stem cells always remain in their niche and are sometimes
physically attached to it by adhesion molecules. Progenitor
cells, on the other hand, move away from the niche, often
under escort by guardian cells, as they become increasingly
differentiated.



The importance of niche signaling in maintaining stem
cells’ undifferentiated state and in keeping them quiescent
until they are called on to produce new cells suggests that
these local environmental signals could exert similar regulatory
control over cancer stem cells. Intriguing experiments
have shown, for example, that when transplanted into a new
niche, stem cells predisposed to malignancy because of oncogenic
mutations will nonetheless fail to produce a tumor. Conversely,
normal stem cells transplanted into a tissue environment
that has been previously damaged by radiation do give
rise to tumors.



Many of the same genetic pathways identified with signaling
between stem cells and their niche have been associated
with cancer, which also suggests a role for the niche in the final
transition to malignancy. For example, if malignant stem cells
were being held in check by
the niche but the niche was
somehow altered and expanded,
the malignant stem
cell pool would have room to
grow as well. Another possibility
is that certain oncogenic
mutations within cancer
stem cells could permit them
to adapt to a different niche, again letting them increase their
numbers and expand their territory. Still a third alternative is
that mutations might allow the cancer stem cells to become
independent of niche signals altogether, lifting environmental
controls on both self-renewal and proliferation.








Cornering Cancer Stem Cells	



Techniques for sorting live cancer cells and for determining
whether they possess the ability to self-renew have led
to the positive identification of cancer stem cells within
larger cancer cell populations. In the cancers listed below,
the malignant stem cells have been demonstrated capable
of self-renewal and able to regenerate the entire mixture
of cell types found in the original tumor. Those properties
mean that a small number of cancer stem cells could have
given rise to the whole tumor, could continually replenish
its much larger cell population—the majority of which is
nontumorigenic—and could reconstitute the original cancer
even if most or all of the tumor were destroyed. Eradicating
the disease would therefore require treatments to target
the cancer stem cells successfully.
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Closing In



The implications of a stem cell model of cancer for the
way we understand as well as treat malignancies are clear and
dramatic. Current therapies take aim against all tumor cells,
but our studies and others have shown that only a minor fraction
of cancer cells have the ability to reconstitute and perpetuate
the malignancy. If traditional therapies shrink a tumor
but miss these cells, the cancer is likely to return. Shideng
Bao, Jeremy N. Rich and their colleagues at Duke University
showed that this was indeed the case for glioblastoma, where
the stem cells were resistant to radiation. Treatments that
specifically target the cancer stem cells could destroy the engine
driving the disease, leaving any remaining nontumorigenic
cells to eventually die off on their own.



Circumstantial evidence supporting this approach already
exists in medical practice. Following chemotherapy for testicular
cancer, for example, a patient’s tumor is examined to
assess the effects of treatment. If the tumor contains only
mature cells, the cancer usually does not recur and no further
treatment is necessary. But if a large number of immature-looking—that is, not fully differentiated—cells are present in
the tumor sample, the cancer is likely to return, and standard
protocol calls for further chemotherapy. Whether those immature
cells are recent offspring that indicate the presence of
cancer stem cells remains to be proved, but their association
with the disease prognosis is compelling.



Stem cells cannot be identified based solely on their appearance,
however, so developing a better understanding of
the unique properties of cancer stem cells will first require
improved techniques for isolating and studying these rare
cells. Once we learn their distinguishing characteristics, we
can use that information to target cancer stem cells with tailored
treatments. If scientists were to discover the mutation or
environmental cue responsible for conferring the ability to
self-renew on a particular type of cancer stem cell, for instance,
that would be an obvious target for disabling those
tumorigenic cells.



Encouraging examples of this strategy’s promise have been
demonstrated by Craig T. Jordan and Monica L. Guzman of
the University of Rochester. In 2002 they identified unique
molecular features of malignant
stem cells believed to
cause acute myeloid leukemia
(AML) and showed that the
cancer stem cells could be
preferentially targeted by specific drugs. In 2005 they reported
their discovery that a
compound derived from the
feverfew plant induces AML stem cells to commit suicide while
leaving normal stem cells unaffected.



Some research groups are hoping to train immune cells or
antibodies to recognize and go after cancer stem cells. Tobias
Schatton, Markus H. Frank and their co-workers at Children’s
Hospital Boston showed that an antibody could inhibit the
growth of melanoma stem cells. Yet another idea under investigation
is that drugs could be developed to force cancer stem
cells to differentiate, which should take away their ability to
self-renew.



Most important is that cancer investigators are now on
the suspects’ trail. With a combination of approaches, aimed
at both targeting genetic pathways unique to the maintenance
of cancer stem cells and disrupting the cross talk between
tumor cells and their environment, we hope to be able
soon to find and arrest the real culprits in cancer.








POSSIBLE PATHS TO CANCER	



The existence of cancer stem cells that drive tumor growth
has been established in several blood cancers and a handful
of solid-tumor types, but how these malignant stem cells
arise is still uncertain. Like a normal stem cell, a cancer
stem cell has the ability to self-renew by dividing without
differentiating and can therefore potentially give rise to an
unlimited number of the abnormal differentiated cells that
make up the bulk of a tumor. Those progeny have a finite life
span and are not themselves tumorigenic—that is, they
cannot generate new cancer cells. The behavior of normal
stem cells is tightly controlled by their own genetic
programming in concert with signals they receive from their
environmental niche. Changes in the way cancer stem cells
carrying oncogenic gene mutations respond to niche signaling
may therefore play an important role in the cells’ final
transition to malignancy (a, b and c). Alternatively, mutations
in the stem cell might be preserved in its immature
descendants, the progenitor cells, which subsequently
undergo further mutations that reactivate the self-renewal
capacity normally possessed only by stem cells (d).
Evidence of all these possibilities has been observed in
different cancers.
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EXPANDED NICHE. Cancer stem cells with oncogenic
mutations are held in check by healthy niche signals until a further
alteration in the cancer stem cells or in the niche causes the niche
to expand. The larger niche allows the malignant stem cells
to increase their own population and consequently the number
of abnormal cells they generate.	
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ALTERNATIVE NICHE. Oncogenic mutations in cancer stem
cells include changes that enable the cells to adapt to a new niche.
The cancer stem cells can expand their own numbers and proliferation
and possibly invade neighboring tissues or metastasize
to distant locations in the body.
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NICHE INDEPENDENCE. Mutation renders stem cells that
are already predisposed to malignancy independent of niche
signaling, lifting all normal environmental controls on the cancer
stem cells’ self-renewal and proliferation


[image: ]


SELF-RENEWAL MUTATION. Progenitor cells predisposed to
malignancy by oncogenic mutations inherited from their parent stem
cell undergo further mutation that restores the ability to self-renew.
These progenitors thereby gain unlimited life span and tumorigenic
capacity and become cancer stem cells.



Credit: Tami Tolpa










--Originally published: Scientific American 295(1); 52-59 (July 2006).






	
	    
A Malignant Flame

by Gary Stix




More than 500 million years ago a set
of specialized enzymes and proteins
evolved to defend our primitive
ancestors against assaults from the outside
world. If a microbe breached the shell of some
Cambrian-era fauna, the members of this early-vintage immune system would stage a savage
but coordinated attack on these interlopers—punching holes in cell walls, spitting out
chemical toxins, or simply swallowing and
digesting the enemy whole. Once the invaders
were dispatched, the immune battalion would
start to heal damaged cells, or if the attacked
cells were too badly damaged it would put
them to rest.



This inflammatory immune response
worked so well that many aspects of it have
been preserved during the protracted aeons
of evolution. We know this to be true because
studies have found that we share many of the
same immune genes as the lowly fruit fly—and vertebrates and invertebrates diverged
from a common ancestor in excess of half a
billion years ago.



Immunology researchers have long paid
relatively little attention to this thuggish innate
immune system, basically thinking of it
as a crew of biochemical bouncers that pummel
anything able to penetrate the tiniest
opening in a living being’s skin or shell. They
lavished their attention, instead, on the more
advanced adaptive immune system, which
can marshal antibodies and other weaponry
that identify and then target an intruder with
a specificity lacking in the untamed innate
system.



In the past 15 years, innate immunity has
come into its own. Inflammation, its hallmark
characteristic, has gained recognition
as an underlying contributor to virtually every
chronic disease—a list that, besides obvious
culprits such as rheumatoid arthritis and
Crohn’s disease, includes diabetes and depression,
along with major killers such as heart
disease and stroke. The possibility of a link with a
third major killer—cancer—has received intensive
scrutiny in this decade. “The connection
between inflammation and cancer has
moved to center stage in the research arena,”
notes Robert A. Weinberg of the Massachusetts
Institute of Technology’s Whitehead
Institute for Biomedical Research.



This transformation recognizes that the
immune inflammatory state serves as a key
mediator of the middle stages of tumor development.
Cancer begins with a series of
genetic changes that prompt a group of cells
to overreplicate and then invade surrounding
tissue, the point at which true malignancy
begins. Eventually some tumor cells may
break off and establish new growths (metastases) at distant sites. That much has
been understood for a long time. But cancer
biologists and immunologists have begun
to realize that the progression from diseased
tissue to full-blown invasive cancer
often requires cells that normally participate
in healing cuts and scrapes to be diverted to
the environs of the premalignant tissue,
where they are hijacked to become co-conspirators
that aid and abet carcinogenesis. As
some researchers have described the malignant
state: genetic damage is the match that
lights the fire, and inflammation is the fuel
that feeds it.



In this rewriting of the textbooks, a tumor
is not just a clump of aberrant cells;
it also includes a support system, a tumor
microenvironment, which encompasses a
multitude of varying immune cell types and
crisscrossing chemical signals, along with a
network of blood vessels. The tumor assumes
the status of an outlaw organ that exists not
to pump blood or rid the body of toxins
but to serve only its own ends.



This new view implies that rooting
out every last cancer cell in the body might
not be necessary. Anti-inflammatory cancer
therapy instead would prevent premalignant
cells from turning fully cancerous or would
impede an existing tumor from spreading to
distant sites in the body. Cancer sufferers
might then be able to survive, in the same way
that new drugs have let HIV patients live longer.
“I don’t think a cure is necessarily the
goal. It doesn’t need to be,” comments Lisa M.
Coussens, a cancer biologist at the University
of California, San Francisco. “If you can
manage the disease and live your natural life
span, that’s a huge win.”









CANCER BASICS	



A developing malignancy
proceeds in stages—a process
that may take years, even
decades, to fully evolve.




INITIATION

Hereditary mutations or exposure to
chemicals or radioactivity results in
genetic changes in one or more cells.



PROMOTION

Cells in premalignant tissue be gin
to proliferate, often in the
presence of an inflammatory
stimulus. Their appearance
becomes increasingly abnormal.



PROGRESSION

Tumor cells begin to invade
surrounding tissue and to spread
to the blood and lymph nodes,
at which point full malignancy
develops. Metastases may
establish themselves at
distant sites.










COMMON CAUSE



Chronic inflammation contributes
to many diseases, not just cancer.




HEART DISEASE

Macrophages, stars of innate
immunity, are key players. They
ingest “bad” cholesterol (low-density
lipoproteins), and then the
cells are encased in a fibrous cap
that forms arterial plaque, which
can break off and create a clot
that blocks an artery, leading
to a heart attack.



DIABETES

When exposed to the metabolic
stress that occurs from being obese,
both innate immune cells and fat
cells (adipocytes) manufacture
signaling molecules called
cytokines, such as tumor necrosis
factor. These molecules interfere
with the normal function of insulin
and can lead to diabetes.



ALZHEIMER’S DISEASE

Microglial cells, the neural
equivalent of macrophages,
express cytokines and cell-damaging
free radicals, while
interacting with the beta-amyloid
proteins that build up in the
plaques that are characteristic
of the disease. The resulting
inflammation can damage neurons.



DEPRESSION AND SCHIZOPHRENIA

High levels of inflammatory
molecules—interleukin-6 and
C-reactive protein—have been
found in depressed patients.
Some evidence even suggests
that elevated cytokines correlate
with schizophrenia.











Multiple Lines of Defense



Comprehension of the link between inflammation and cancer requires knowing how
the body reacts to invaders—and how normal
healing is then subverted into promoting cancer
when the inflammatory state lasts too long.
After you step on a nail, the bacteria that invade
the sole of your foot receive a welcome
from an array of proteins and white blood cells
that resemble rejects from central casting for
the movie Creepshow 2. Just one example:
Some 20 complement proteins, so called because
they complement other bodily defense
mechanisms, chemically spritz pathogens until
the invaders explode into a big protoplasmic
mess. While the complement system slimes the
area, an assemblage known in immunology
textbooks as professional phagocytes—literally
“expert eating cells”—goes to work.



Lacking table manners, these Pac-Manlike
macrophages and neutrophils proceed to
engulf and consume the uninvited guests.
Other members of the attack brigade include
natural killer cells, mast cells and eosinophils.
Healing represents more than launching
an offensive against invaders. Blood
platelets involved with clotting migrate to the
break in the skin from an inner layer infused
with blood vessels. Enzymes direct the repair
of the extracellular matrix, the protein-based
mortar in which the cells are immobilized. A
scab forms, the skin grows back and the
whole process of inflammation ends. Sometimes,
though, inflammation does not stop.
Any tissue (not just skin) that is chronically
inflamed because of the persistent presence
of pathogens, toxins or genetic damage helps
to spur illness, from heart disease to cancer.



Beyond this first layer of defense, vertebrates
are equipped with additional weaponry.
The adaptive system learns an invader’s
specific molecular signature and then uses it
as a target for killing. Among the protagonists
are B cells, which produce antibody
molecules able to neutralize pathogens or
mark them for destruction, and T cells, which
prompt infected cells to kill themselves or secrete
chemicals that direct the activities of
other immune players.



In recent years a body of evidence has accumulated
to show that chronic inflammation
can play an important role in the progression
of some types of tumors from a premalignant
state to full-blown disease. A link
between cancer and inflammation has long
been suspected. In 1863 the prominent German
pathologist Rudolf Virchow noted the
presence of so-called lymphoreticular infiltrate
(white blood cells) in malignant tissue.
As early as 1978 Alberto Mantovani of Humanitas
Clinical Institute and the University
of Milan had observed that innate immune
cells tend to congregate around some tumors.
Cancer biologist Harold F. Dvorak of Harvard
Medical School remarked in 1986 that
tumors are “wounds that do not heal.” The
status quo, though, lay elsewhere. Even a decade
ago many biologists still hewed to the
idea that the immune system serves not only
to eliminate pathogens but to ferret out cells
that are the abnormal precursors of cancer.
But a closer look at the microenvironment
surrounding tumors found the unexpected.














THE PLAYERS



The immune system consists of
innate cells, which form a first line
of defense against pathogens,
and members of the adaptive
system, which targets invaders
with greater specificity.	
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Hunting Pigeons



In the late 1990s Frances Balkwill of
the Institute of Cancer at Queen Mary, University
of London, had been doing research
on a cytokine (a hormone-like immune signaling
molecule) known as tumor necrosis factor
(TNF), which was named for its ability to kill
cancer cells when administered directly into
a tumor at high levels. But when TNF lingers
as a chronic, low-level presence in the tumor,
it acts very differently. Balkwill’s lab turned
off the TNF gene in mice so that the rodents
could not produce the protein: to the researchers’
surprise, the mice did not contract
tumors. “That really put us as the cat among
pigeons,” she recalls. “All the people who
were working on TNF as an anticancer agent
were horrified. This cytokine they thought
was a treatment for cancer was actually working
as an endogenous tumor promoter.”



The ready availability of knockout mice,
in which the effects of selectively switching
off genes could be tested, helped to highlight
the cancer-inflammation link. Coussens and
her U.C.S.F. colleagues Douglas Hanahan
and Zena Werb reported in 1999 that mice
engineered with activated cancer genes but
without mast cells (another type of innate immune
cell) developed premalignant tissue that
did not progress to full malignancy. In 2001
Jeffrey W. Pollard and his co-workers at the
Albert Einstein College of Medicine described
mice that were genetically engineered to be
susceptible to breast cancer tumors but that
produced precancerous tissue that did not
turn fully malignant unless it enlisted the assistance
of macrophages.



The altered picture does not completely
overturn the old one. In fact, it reveals that
the immune system functions as a double-edged
sword. The network of molecules and
cells, second in complexity only to the brain,
remains a paradox: sometimes it promotes
cancer; other times it hinders disease. Some
types of innate immune cells, such as natural
killer cells, can actually protect against tumor
growth. Others may nurture a malignancy
only when the microenvironment is
“polarized” into an inflammatory state;
when not, they may blot it out. Inflammation,
moreover, produces tumors in many organs
but not all—and its link to blood-borne cancers
is not well characterized.



When looking for culprits, researchers
have often focused their microscopes on
macrophages, which occupy a meaningful
spot among the white blood cells in the tumor
microenvironment. The macrophages
are capable of killing tumor cells or sending
out an alarm to T cells of the adaptive immune
system that something is amiss. But
work by Pollard and other researchers has
detailed how macrophages are “reeducated”
by cancer cells to do their bidding. They be-
come factories for cytokines and growth factors
that nurture tumor development.



Turning the macrophages into traitors begins
when tumor cells send out help signals
that attract cells that become macrophages
once they reach the tumors. Inside the tumors,
proliferating cells grow so quickly that
they begin to die for lack of oxygen. A combination
of hypoxia and messages from the
tumor cells initiates a process whereby the
newly arrived macrophages assume their
bad-boy identity as tumor promoters. Cancer
biologists give the name tumor-associated
macrophages to these mutineers that congregate
in and around the tumor.



Biologists have now been able to follow
the inflammation link down to the level of individual
signaling molecules, providing harder
evidence for a connection to carcinogenesis.
For example, nuclear factor-kappa B (NF-κB)
is a complex of proteins that acts as a master
switch for turning inflammation genes on and
for controlling cell death. As biological pathways
go, NF-κB’s is world-famous, having
been discovered and patented for use in drug
development by scientific stars that include
Nobelists David Baltimore and Phillip A.
Sharp and having subsequently become the
object of multimillion-dollar patent litigation.



In 2004 Yinon Ben-Neriah and Eli Pikarsky
of the Hebrew University of Jerusalem and
their colleagues reported that mice engineered
to develop hepatitis (which can cause liver cancer)
contracted precancerous lesions that did
not progress to full malignancy when NF-κB
was curtailed through a genetic alteration or
when the proinflammatory TNF signaling
molecule was shut off. In the latter group, a
neutralizing antibody blocked TNF and prevented
it from binding to a receptor on the premalignant
liver cells; loss of the receptor prevented
the TNF from triggering a molecular
cascade that turns on the NF-κB master switch.
Blocking NF-κB prompted the precancerous
liver cells to initiate apoptosis, or programmed
cell death. In a related finding that year, Michael
Karin and his collaborators at the University
of California, San Diego, found that inhibiting
NF-κB in mice engineered to develop
colitis, which can lead to colon cancer, also
promoted apoptosis. Shutting down the pathway
in inflammatory cells, such as macrophages,
deterred tumor development as well.



So far the clearest evidence of a link between
cancer and inflammation is the data
demonstrating that inflammation encourages
the conversion of precancerous tissue to full
malignancy for many cancers. But the biological response may also be involved in initiating
the disease and in advancing metastasis. Infections
with Helicobacter pylori bacteria induce
inflammation that greatly increases the
risk of gastric cancer, and the hepatitis C virus
can bring on liver cancer, to name just two
malignancies. Pathogens may also generate
free radicals, which can damage DNA. But
although inflammation may be involved from
the outset, few studies have shown yet that an
inflammatory condition actually alters DNA
to provide the initiating spark.



The case for a role in metastasis is stronger—and recent studies lend credence to this
hypothesis. Karin’s group reported in the
April 5, 2007, Nature that inflammation, not
genetic changes in cancer cells, spurs metastasis
in mice engineered to acquire prostate
cancer. The research suggests that a cytokine
produced by inflammatory cells near a prostate
tumor induces cancer cells to decrease
production of a protein that blocks metastasis.
This result, Karin notes, may explain the
puzzling observation that cutting into tumors,
such as for a prostate biopsy, sometimes
seems to encourage metastasis. If he is correct,
the inflammation generated by the intervention
could be at fault. Around the same time,
Pollard’s group reported in Cancer Research
on a study in mice that observed that macrophages
accompany breast tumor cells in
their migration toward blood vessels that
then transport them to remote sites.



The innate immune system has received
the most attention in explorations of how inflammation might cause cancer. As with innate immunity, the adaptive immune system—the T cells and antibodies produced by
B cells that target specific molecules on invading
cells—contributes to pathology or may
also fight against it. For decades, immunotherapies
designed to enhance T cell responses
against cancer have been explored, though
often with disappointing results.



Furthermore, an emerging picture has begun
to reveal an intricate cross talk between
innate and adaptive immune cells that may
participate in the promotion of malignant
disease. Researchers working on cancer vaccines
may need to take account of these interactions
in designing their treatments if they
are ever to prove effective. One study showed
that ovarian tumors produce a signaling
molecule that serves to attract regulatory T
cells, a subclass of adaptive immune cells responsible
for quieting other T cells.



Meanwhile Coussens and her colleagues at
U.C.S.F. found in a 2005 study, published in
Cancer Cell, that the removal of antibody-making
B cells from mice engineered to be prone to
skin cancer prevented the tissue changes and
angiogenesis that are prerequisites for disease
progression. In their normal role as pathogen
fighters, B cell–produced antibodies circulate
through the bloodstream and mark viruses
and bacteria for destruction by innate immune
cells. In response to a signal from precancerous
tissue, however, the antibodies induce the
innate system to collaborate in cancer development.
An open research question is how this
process starts. One possibility suggests that a
cancer cell may send a message to innate immune
cells, perhaps dendritic cells, that then
activate B cells. Signaling may involve toll-like
receptors, which have emerged as prominent
intermediaries in innate immune messaging.
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Cancer Blockers



The recognition that cancer
is more like an organ than
just a clump of cells with DNA
mutations in cell nuclei may
also explain why some of the
previous approaches to chemotherapy
have met with
limited success. “People have
taken cells and then transformed
them in culture and stuck
them into animals,” Pollard says.
“They grow
as little balls. They do certain
things there. But they are not complex
tissues, whereas a naturally occurring tumor
is a very complex tissue.”



Instead of just killing cancer cells—the goal
of current drug therapies and radiation—new
approaches may supplement existing drugs by
slowing inflammation. Without the involvement
of macrophages and other innate cells,
the premalignant tissue would remain in check.
Cancer could, in essence, become a chronic disease
akin to rheumatoid arthritis, another inflammatory condition. “Keep in mind almost
no one dies of primary cancer,” says Raymond
DuBois, provost of the University of Texas M.
D. Anderson Cancer Center and a researcher
of anti-inflammatory agents for cancer. “A patient
almost always dies from a metastasis.”



A pharmaceutical against chronic inflammation
represents a more alluring proposition
than massacring malignant cells (and, unavoidably, healthy ones), a consequence of existing
chemotherapies. Taken alone, such an
agent might be benign enough to use every day
as a preventive for high-risk patients. Epidemiological
and clinical studies have shown
some promise for the use of nonsteroidal antiinflammatory drugs (NSAIDs) such as aspirin
to stave off the onset of some solid tumors. Investigations
continue on more selective blocking
of the production of prostaglandins, the
regulatory molecules that are curtailed by
NSAIDs. In particular, drugs that inhibit production
of prostaglandin E2 may curb inflammation
and tumor growth, while avoiding the
cardiovascular side effects of drugs such as
Vioxx and the gastrointestinal problems of the
earlier class of NSAIDs. The anti-inflammatory
effects of the ubiquitous statins used to lower
cholesterol are also being contemplated.



Some treatment options already exist.
The drug Avastin inhibits production of the
angiogenesis-promoting VEGF, although
oncologists must contend with other molecules
in the tumor microenvironment that
promote blood vessel growth. Drugs developed
for more familiar inflammatory diseases
may also fight cancer—and these medicines
might be combined into HIV-like drug
cocktails that also include angiogenesis inhibitors
and cell-killing agents.



Inhibitors of TNF have received approval
for treatment of rheumatoid arthritis, Crohn’s
disease and other disorders and are now in
clinical trials for both solid tumors and blood
cancers. The drug Rituxan, a monoclonal antibody
that represses B cells in rheumatoid arthritis
and B cell lymphoma, might prevent the
inflammatory response that fuels formation
of solid tumors. Other cytokines and related
molecules (IL-6, IL-8 and CCL2, among others)
are also potential targets, as is NF-κB.


Some existing compounds, including
  NSAIDs and even one found in the spice turmeric,
  exert at least some of their effects by
  inhibiting NF-κB. But major pharmaceutical
  laboratories are investigating highly selective
  inhibitors of this molecular linchpin, many
  of them targeted at the enzymes (such as I-κB
  kinase) that regulate NF-κB activity. 
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A Chemical Trojan



One group is contemplating a radically
ambitious treatment, a molecular Trojan horse
of sorts. Claire E. Lewis and Munitta Muthana
of the University of Sheffield in England
and their colleagues have designed a drug delivery
scheme that takes advantage of the natural
attraction of macrophages to the oxygen-starved
areas in tumors. They have engineered
macrophages to deliver a therapeutic virus to
hypoxic tumor regions, which respond poorly
to conventional treatments such as chemotherapy
and radiation because of an insufficient
blood supply. Once the macrophages arrive in
a tumor (grown in culture so far), each one
releases thousands of copies of the virus, which
then infect the cancer cells, after which a protein
in those cells activates the therapeutic gene
in each virus. This action then directs synthesis
of a cell-killing toxin. “The macrophage is
migrating into a site and doing what we want
it to do rather than driving tumor development
in a normal way,” Lewis says.



The exact outlines of an anti-inflammatory
strategy against cancer have yet to be elucidated.
Tweaking immune cells that form a
defensive barrier against pathogens bears its
own risks. “It’s a very complicated issue,”
DuBois notes. “If you magically shut
down the immune system, you will have
problems with opportunistic infections,
just like with AIDS.” Use of TNF blockers
in other inflammatory disorders has been
linked to tuberculosis and other infections,
even potentially lymphoma. Moreover, inhibiting
the NF-κB pathway can paradoxically
promote cancer in some instances. Constraining
NF-κB can at times lead to tissue damage
and a process of abnormal regeneration of
that tissue that can foster cancer.



Still, it seems likely that a new generation
of anti-inflammatory agents will join the chemotherapeutic
arsenal. Chronic diseases—and
their underlying inflammatory conditions—are hallmarks of an aging population. “We’re
all a little bit overinflamed,” Pollard observes.
Treating the smoldering embers that surround
the tumor rather than just mutant cells could
make cancer a disease we can live with.









Immune System as Cancer Fighter	



Tumors waylay the immune system to
promote their own growth and survival.
But the opposite also holds. The
antibodies and killer T cells of the adaptive
immune system can, at times, target and
destroy cancer cells. Drug companies and
scientists have tried to turn this knowledge
into new therapies, with mixed results.



Among the most successful new
biotechnology drugs are monoclonal
antibodies—identical antibodies that are
capable of attacking a cancer antigen, a
molecular fragment found on the surface
of a cancer cell. Monoclonals are generally
a “passive” immunotherapy because they
are produced in cell culture or in mice and
injected into patients instead of relying
on the patient’s own immune system to
produce antibodies.



In contrast, cancer vaccines—the object
of a frustrating decades-long quest—are
“active” therapies. A patient receives an
injection of an antigen, usually along with
another helper molecule, an adjuvant, that
precipitates an immune response.



Cancer antigens are more difficult to
identify than those for pathogens because
cancer cells are mutant forms of the body’s
own cells. The adaptive immune system
often does not see them as foreign—and a
tumor can trick the body into turning off any
immune response that does arise.



After hundreds of previous trials, and the
absence of virtually any evidence from them
that vaccines cause tumors to regress, the
concept of the cancer vaccine has garnered its
share of critics. “When you give cancer
vaccines, sometimes you raise T cells against
the vaccines, but they’re just not powerful
enough to keep the cancer from growing,” notes
Steven A. Rosenberg, chief of surgery at the
National Cancer Institute. Rosenberg and his
co-workers have pursued a different approach,
adoptive cell transfer, in which T cells that
target tumors are selected from white blood
cells removed from the body. They are then
multiplied in the laboratory and reinfused into
patients whose immune systems have been
chemically suppressed. In a 2005 study in the
  Journal of Clinical Oncology, about half of 35
melanoma patients saw their metastatic
tumors regress at least partially. 


In recent years, the picture for cancer
vaccines has brightened somewhat. Early
positive reports were presented at the
American Association for Cancer Research in
April 2007 for vaccines for breast, prostate,
and head and neck cancers. But more bad
news came the next month: the Food and Drug
Administration delayed approval of what
would have been the first U.S. therapeutic
cancer vaccine, formulated by Seattle-based
Dendreon for prostate cancer.



Marshaling the patient’s own immune
system to fight cancer may still be possible.
But meeting that goal may well depend on
deepening the growing understanding of how
the immune system serves as a two-edged
sword that can either foster or block cancer
progression. 



—G.S.	









--Originally published: Scientific American 297(1); 60-67 (July 2007).






	
	    
Evolved for Cancer?

by Carl Zimmer




Natural selection is not natural perfection.
Living creatures have evolved some remarkably complex adaptations,
but we are still very vulnerable to disease. Among
the most tragic of those ills—and perhaps most enigmatic—is
cancer. A cancerous tumor is exquisitely well adapted for
survival in its own grotesque way. Its cells continue to divide
long after ordinary cells would stop. They destroy surrounding
tissues to make room for themselves, and they trick the
body into supplying them with energy to grow even larger.
But the tumors that afflict us are not foreign parasites that
have acquired sophisticated strategies for attacking our bodies.
They are made of our own cells, turned against us. Nor
is cancer some bizarre rarity: a woman in the U.S. has a 39
percent chance of being diagnosed with some type of cancer
in her lifetime. A man has a 45 percent chance.



These facts make cancer a grim yet fascinating
puzzle for evolutionary biologists. If
natural selection is powerful enough to produce
complex adaptations, from the eye to the
immune system, why has it been unable to
wipe out cancer? The answer, these investigators
argue, lies in the evolutionary process
itself. Natural selection has favored certain
defenses against cancer but cannot eliminate
it altogether. Ironically, natural selection may
even inadvertently provide some of the tools
that cancer cells can use to grow.


The study of cancer evolution is still in its
  infancy, with much debate about the mechanisms
  involved and much testing of hypotheses
  left to carry out. Some medical researchers
  remain skeptical that the work will affect
  the way they fight the disease. Evolutionary
  biologists agree that they are not about to
  discover a cure for cancer, but they argue
  that understanding cancer’s history could reveal
  clues that would otherwise remain hidden.
  “Obviously, we always have that in the
  back of our minds in everything we do,” says
  Judith Campisi of Lawrence Berkeley National
  Laboratory. 


The Dawn of Cancer



At its root, cancer is a disease of multicellularity.
Our single-celled ancestors reproduced
by dividing in two. After animals
emerged, about 700 million years ago, the
cells inside their bodies continued to reproduce
by dividing, using the molecular machinery
they inherited from their progenitors.
The cells also began to specialize as they
divided, forming different tissues. The complex,
multicellular bodies animals have today
were made possible by the emergence of
new genes that could control how cells divided—such as by stopping the cells’ reproduction
once an organ reached its adult size. The
millions of animal species are evidence of the
great evolutionary success that came with acquiring
a body. But bodies also present a profound
risk. Whenever a cell inside a body
divides, its DNA has a small chance of acquiring
a cancer-causing mutation. “Every
time a cell divides, it’s going to be at risk of
developing into cancer,” Campisi says.



Rare mutations, for instance, may cause
a cell to lose restraint and begin to multiply
uncontrollably. Other mutations can add to
the problem: They may allow deranged cells
to invade surrounding tissues and spread
through the body. Or they may allow tumor
cells to evade the immune system or attract
blood vessels that can supply fresh oxygen.



Cancer, in other words, re-creates within
our own bodies the evolutionary process that
enables animals to adapt to their environment.
At the level of organisms, natural selection
operates when genetic mutations
cause some organisms to have more reproductive
success than others; the mutations
get “selected” in the sense that they persist
and become more common in future generations.
In cancer, cells play the role of organisms.
Cancer-causing changes to DNA cause
some cells to reproduce more effectively than
ordinary ones. And even within a single tumor,
more adapted cells may outcompete less
successful ones. “It’s like Darwinian evolution,
except that it happens within one organ,”
explains Natalia Komarova of the University
of California, Irvine.



Limits to Defenses



Although our bodies may be vulnerable
to cancer, they also have many ways to
halt it. These strategies probably resulted
from natural selection, because mutations
that made our ancestors less likely to die of
cancer in their prime could have raised their
reproductive success. But given the many
millions of people who get cancer every year,
it is obvious that these defenses have not
eradicated the disease. By studying the evolution
of these defenses, biologists are trying to
understand why they fall short.



Tumor suppressor proteins are among the
most effective defenses against cancer. Studies
suggest that some of these proteins prevent
cancer by monitoring how a cell reproduces.
If the cell multiplies in an abnormal
way, the proteins induce it to die or to slip
into senescence, a kind of early retirement.
The cell survives, but it can no longer divide.
Tumor suppressor proteins play a vital role in
our survival, but scientists have recently discovered
something strange about them: in
some respects, we would be better off without
them.



Norman E. Sharpless of the University of
North Carolina at Chapel Hill genetically
engineered mice to study the effect of one of
these proteins, called p16 (or, more properly,
p16-Ink4a). He and his colleagues created a
line of mice that lacked a functional gene for
p16 and thus could not produce the protein.
In September 2006 the group published three
studies on the mice. As expected, the animals
were more prone to cancer, which could arise
when they were only a year old.



But losing the p16 gene had an upside.
When the mice got old, their cells still behaved
as if they were young. In one experiment, the
scientists studied older mice, some of which
had working p16 genes and some of which did
not. They destroyed insulin-producing cells in
the pancreases of the animals. The normal rodents
could no longer produce insulin and developed
fatal diabetes. But the ones without
the p16 protein developed only mild diabetes
and survived. The progenitors of their insulin-producing
cells could still multiply quickly,
and they repopulated the pancreas with new
cells. The scientists found similar results when
they examined cells in the blood and brains of
the mice: p16 protected them against cancer
but also made them old.



These results support a hypothesis Campisi
has developed over the past few years.
Natural selection favors anticancer proteins
such as p16, but only in moderation. If these
proteins become too aggressive, they can create
their own threats to health by making
bodies age too quickly. “It’s still a working
hypothesis,” Campisi admits, “but the data
are looking stronger and stronger.”



Delaying the Inevitable



A defense against cancer does not
have to eradicate the disease completely to
be favored by natural selection. If it can just
delay tumors until old age, it may allow people
to have more children, on average, than
others who lack the defense. It may seem cruel
for evolution to stick old people with cancer,
but as Jarle Breivik of the University of
Oslo points out, “natural selection does not
favor genes because they let us live long and
happy lives. They are selected for their ability
to propagate their information through
the generations.”



Anticancer proteins such as p16 may favor
the young over the old. When p16 pushes
a cell into senescence, the cell does not just
stop multiplying. It also begins producing an
odd balance of proteins. Among the proteins
it makes is vascular endothelial growth factor
(VEGF), which triggers the growth of
more blood vessels. VEGF fosters the growth
of tumors by supplying them with extra nutrients.
In young people, p16’s main effect
may be to suppress cancerous cells. But over
time, it may create a growing population of
senescent cells, which could make people
more vulnerable to cancer in old age.



Another way to delay cancer is to set up
several lines of defense. Studies on colon cancer,
for example, show that cells in the colon
must acquire mutations to several genes before
they turn cancerous. These defense lines
do not prevent people from getting colon
cancer—in fact, it is the third most common
form of the disease. But the need for multiple
mutations to occur in a cell may reduce the
chances that colon cancer will arise in young
individuals. The average age of people diagnosed
with colon cancer is 70.



Not all cancers strike the old, of course.
Most victims of a cancer of the retina called
retinoblastoma, for example, are children.
But Leonard Nunney of the University of
California, Riverside, argues that evolution
is responsible for that difference between the
two cancers. He points out that colon cells
have many more opportunities for acquiring
dangerous mutations than retinal cells do.
The colon is a large organ made of many
cells, which continue replicating throughout
a person’s life as old cells slough off and new
ones take their place. That risk puts a big
evolutionary premium on defenses that can
prevent colon cells from turning cancerous.



The retina, on the other hand, is “the
smallest bit of tissue you can imagine,” as
Nunney puts it. That small set of retinal cells
also stops multiplying by the time a child turns
five. With fewer cell divisions occurring, the
retina has far fewer opportunities to turn cancerous.
As a result, retinoblastoma is extremely
rare, striking only four people in a million.
Because the risk is so much lower, Nunney
argues, natural selection cannot drive the
spread of new defenses against retinoblastoma.
A defense against cancer in the retina
would make very little difference to the average
reproductive success of a population.



Making Tools for Tumors



Recent research suggests that natural
selection may have altered genes in ways
that make cancer cells more dangerous. Evolutionary
biologists discovered this disturbing
possibility as they searched for the changes
that have made us uniquely human. After
our ancestors diverged from other apes about
six million years ago, they experienced natural
selection as they adapted to a new way of
life as a toolmaking, savanna-walking hominid.
Scientists can distinguish between genes
that have not changed significantly since the
origin of hominids and those that have undergone
major alteration as a result of selection
pressures. It turns out that among the genes
that have changed most dramatically are
some that play important roles in cancer.



Scientists suspect that the adaptive advantages
brought by these genes outweigh the
harm they may cause. One of these highly
evolved cancer genes makes a protein called
fatty acid synthase (FAS). Normal cells use
the protein encoded by this gene to make
some of their fatty acids, which are used for
many functions, such as building membranes
and storing energy. In tumors, however, cancer
cells produce FAS protein at a much higher
rate. The protein is so important to them
that blocking the activity of the gene can kill
cancer cells. By comparing the sequence of
the FAS gene in humans and other mammals,
Mary J. O’Connell of Dublin City University
and James McInerney of the National University
of Ireland found that the gene has undergone
strong natural selection in humans.
“This gene has really changed in our lineage,”
McInerney says.



McInerney cannot say what FAS does differently
in humans, but he is intrigued by a
hypothesis put forward by the late psychiatrist
David Horrobin in the 1990s. Horrobin
argued that the dramatic increase in the size
and power of the human brain was made possible
by the advent of new kinds of fatty acids.
Neurons need fatty acids to build membranes
and make connections. “One of the things
that might allow a larger brain size was our
ability to synthesize fats,” McInerney speculates.
But with that new ability may have
come a new tool that cancer cells could borrow
for their own ends. Cancer cells may, for
example, use FAS as an extra source of energy.



Many fast-evolving cancer genes normally
produce proteins in tissues involved in reproduction—in the placenta, for instance.
Bernard J. Crespi of Simon Fraser University
in British Columbia and Kyle Summers of
East Carolina University argue that these
genes are part of an evolutionary struggle between
children and their mothers.



Natural selection favors genes that allow
children to draw as much nourishment from
their mothers as possible. A fetus produces
the placenta, which grows aggressively into
the mother’s tissue and extracts nutrients.
That demand puts the fetus in conflict with
its mother. Natural selection also favors genes
that allow mothers to give birth to healthy
children. If a mother sacrifices too much in
the pregnancy of one child, she may be less
likely to have healthy children afterward. So
mothers produce compounds that slow down
the flow of nutrients into the fetus.



Each time mothers evolve new strategies
to restrain their fetuses, natural selection favors
mutations that allow the fetuses to overcome
those strategies. “It’s a restrained conflict. There’s a tug-of-war about how much
the fetus is going to take from the mother,”
Crespi says.



Genes that allow cells to build a better
placenta, Crespi and Summers argue, can get
hijacked by cancer cells—turned on when
they would normally be silent. The ability to
stimulate new blood vessel formation and aggressive
growth serves a tumor just as it does
a placenta. “It’s something naturally liable to
be co-opted by cancer cell lineages,” Summers
says. “It sets up the opportunity for mutations
to create tools for cancer cells to use
to take over the body.”



Yet even though activation of these usually
quiet genes may make cancers more potent,
natural selection may still have favored
them because they helped fetuses grow. “You
may get selection for a gene variant that helps
the fetus get a little more from mom,” Crespi
says. “But then, when that kid is 60, it might
increase the odds of cancer by a few percent.
It’s still going to be selected for because of the
strong positive early effects.”



Sperm are another kind of cell that multiplies
rapidly. But whereas placental cells
proliferate for a few months, sperm-making
cells function for a lifetime. “For decades,
human males are producing an enormous
amount of sperm all the time,” says Andrew
Simpson of the Ludwig Institute for Cancer
Research in New York City. Genes that operate
specifically in such cells are also among
the fastest evolving in the human genome. A
gene that allows a progenitor sperm cell to
divide faster than other cells will become
more common in a man’s population of
sperm. That means it will be more likely to
get into a fertilized egg and be passed down
to future generations.



Unfortunately for us, genes that make for
fast-breeding sperm cells can make for fast-breeding cancer cells. Normally, nonsperm
cells prevent these genes from making proteins.
“These are genes that need to be firmly
silenced, because they are dangerous genes,”
Simpson says. It appears that in cancer cells,
mutations can unlock these sperm genes, allowing
the cells to multiply quickly.



How vs. Why



Evolutionary biologists hope that
their research can help in the fight against
cancer. In addition to clarifying why evolution
has not eradicated cancer, evolutionary
biology may elucidate one of the most daunting
challenges faced by oncologists: the emergence
of drug-resistant tumors.



Chemotherapy drugs often lose their effectiveness
against cancer cells. The process
has many parallels to the evolution of resistance
to antiviral drugs in HIV. Mutations
that allow cancer cells to survive exposure to
chemotherapy drugs enable the tumor cells
to outcompete more vulnerable cells. Understanding
the evolution of HIV and other
pathogens has helped scientists to come up
with new strategies for avoiding resistance.
Now scientists are investigating how understanding
the evolution within tumors could
lead to better ways of using chemotherapy.



The concepts evolutionary biologists have
been exploring are relatively new for most
cancer biologists. Some are reacting with
great enthusiasm. Simpson believes, for instance,
that deciphering the rapid evolution
of sperm-related genes could help in the fight
against tumors that borrow them. “I think
it’s absolutely crucial to understand exactly
why there is such strong selection on these
genes,” Simpson says. “Understanding that
will give us a real insight into cancer.”



Bert Vogelstein of the Howard Hughes
Medical Institute also finds it useful to view
cancer through an evolutionary lens. “Thinking
about cancer in evolutionary terms jibes
perfectly with the views of cancer molecular
geneticists,” he says. “In one sense, cancer is
a side effect of evolution.”



But Vogelstein is not yet persuaded by the
significance of fast-evolving cancer genes:
“One has to be a little cautious. The first
question I would ask is, Are they looking at
the whole genome in a wholly unbiased
way?” McInerney acknowledges that such
systematic studies have not yet been conducted,
but the early results have prompted him
and other scientists to begin them.



Some cancer specialists are leery of the
entire approach. Christopher Benz of the
Buck Institute for Age Research in Novato,
Calif., says that no insights from evolution
should be accepted until they are put to an
experimental test the way any other hypothesis
would be. “Call me skeptical,” he says.



Crespi is familiar with this skepticism,
and he thinks that it may emerge from the
different kinds of questions evolutionary biologists
and cancer biologists ask. “The people
working on cancer are working on the
how question, and the evolution people are
working on the why,” he says.



Perhaps by asking different questions,
evolutionary biologists will be able to contribute
to some of the debates among cancer
biologists. One long-standing argument focuses
on whether mice are good models for
cancer in humans. Some evolutionary biologists
argue that they are not, because of their
separate history. Rodents inherited the same
set of genes as we did from our common ancestor
some 100 million years ago, but then
many of those genes underwent more change
in the two lineages. Cancer-related genes such
as FAS may have experienced intense evolutionary
change in humans in just the past few
million years, making them significantly different
from their counterparts in mice.



Mice may also be a poor choice for a cancer
model because of the way they reproduce.
Scientists have bred lab mice to produce more
pups at a faster rate than their wild cousins.
Such manipulation may have altered the evolutionary
trade-off faced by mice, so that
they are rewarded for investing energy into
growing quickly and reproducing young. At
the same time, this artificial selection may be
selecting against cancer defenses. “We have
changed their life histories by selecting on
their timing of reproduction,” Crespi says.



Ultimately, the study of the evolution of
cancer may reveal why eradicating the disease
has proved so difficult. “There is no real
solution to the problem,” Breivik says. “Cancer
is a fundamental consequence of the way
we are made. We are temporary colonies
made by our genes to propagate them to the
next generation. The ultimate solution to
cancer is that we would have to start reproducing
ourselves in a different way.”










Evolution of a Cancer-Causing Virus



The American Cancer Society estimates that 17 percent of all cancer cases—more than 1.8 million a year—are caused by viruses and other infectious
agents. Scientists are studying the evolution of these cancer-causing
pathogens to find hints for fighting them. One such pathogen is the human
papillomavirus, responsible for most of the half a million cases of cervical cancer
diagnosed annually. The virus can cause host cells to divide long after normal
cells would stop and also prevents them from repairing mutations to their DNA.



Scientists have reconstructed some of the virus’s evolutionary history by
sequencing and comparing the genomes of hundreds of different types of
viruses. Papillomaviruses, which form a large family, are found in most
vertebrates, in whom they typically engender only warts and other benign
growths. Yet when Homo sapiens first emerged—about 200,000 years ago in
Africa—our ancestors already carried a number of
strains that could infect our species and no other
animal, and these included cancer-causing types. 


After about 100,000 years, H. sapiens expanded
out of Africa to other continents, bringing the viruses
with them. As human populations became isolated
from one another, their papillomaviruses did as well.
Consequently, the genealogy of human papillomaviruses
reflects human genealogy. The oldest
lineage of the viruses is most common in living
Africans, for example. Native Americans descended
from Asians, and their viruses share that kinship. 


This coevolution may be medically relevant,
because the viruses appear to have adapted to their hosts. In August 2006
scientists published a report in the Journal of the National Cancer Institute on
the persistence of various virus types in different ethnic groups. A woman who
becomes infected by a virus having an ancient association with her ethnic group
will carry the virus for a longer time than if she were infected by another type. 


Scientists are also investigating how certain benign papillomaviruses
evolved to cause cancer. Their discoveries will become all the more important
as vaccines are introduced against the viruses. The FDA has approved a
vaccine against the most dangerous human papillomavirus strain, known as
H16. But evolutionary studies indicate that on rare occasions, human
papillomavirus types have traded genes involved in triggering cancer. The
global HIV epidemic might raise the risk of this gene swapping. As HIV weakens
a person’s immune system, more types of human papillomaviruses can invade
and coexist. This mingling could conceivably give rise to a new cancer-causing
strain for which today’s vaccines would be less protective. 



—C.Z.	











The Surprising History of a Dog Cancer	



A canine cancer called Sticker’s sarcoma can be transmitted both through sex
and by licking or touching a tumor. Once established in a new host, it can
produce tumors that grow to the size of grapefruits before gradually
disappearing. Many scientists once thought that the disease, like cervical
cancer, was spread by viruses. Now they know that the cancer cells themselves
move from dog to dog and have been spreading this way for centuries.



A team of scientists from University College London and the University
of Chicago analyzed the genes of Sticker’s sarcoma cells collected from dogs
around the world. They found that the
tumors are much more genetically
similar to one another than they are to
the dogs in which they grew. Additional
research confirmed that the tumors
belong to a single lineage of cancer cells.



“It represents the evolution of a
cancer cell into a successful parasite of
worldwide distribution,” the scientists
wrote in 2006 in the journal Cell. 


Investigators have identified only a
few other possible examples of parasitic
cancer. Tasmanian devils, for example,
can spread a facial tumor by biting one
another. Why aren’t there more parasitic
cancers? Organ transplantation may
offer a clue. One of the biggest dangers in organ transplantation is rejection,
in which a patient’s immune system violently attacks the organ. All vertebrates
reject grafts of foreign tissue with this kind of ferocity. It is possible
that this rejection response evolved hundreds of millions of years ago as a
defense against parasitic cancers.



Sticker’s sarcoma appears to have evolved its way around this ancient
defense. The cells in the tumor make very few of the surface proteins that
vertebrates use to distinguish self from nonself—allowing them to evade
an all-out attack from the dog’s immune system. Instead the immune system
erodes the tumor slowly over the course of several months, and individual
cancer cells can survive even after the tumor is gone. Rather than being
just an ordinary cancer that dies with its host, it has become a cancer that
can live for centuries. 



—C.Z.	












--Originally published: Scientific American:  296(1); 68-75 (January 2007).






	
	    
Mapping the Cancer Genome

by Francis S. Collins & Anna D. Barker




If we wish to learn more about cancer, we must
now concentrate on the cellular genome.” Nobel
laureate Renato Dulbecco penned those words
more than 30 years ago in one of the earliest
public calls for what would become the Human
Genome Project. “We are at a turning point,” Dulbecco, a
pioneering cancer researcher, declared in 1986 in the journal
Science. Discoveries in preceding years had made clear
that much of the deranged behavior of cancer cells stemmed
from damage to their genes and alterations in their functioning.
“We have two options,” he wrote. “Either try to
discover the genes important in malignancy by a piecemeal
approach, or ... sequence the whole genome.”



Dulbecco and others in the scientific community
grasped that sequencing the human genome, though a
monumental achievement itself, would mark just the first
step of the quest to fully understand the biology of cancer.
With the complete sequence of nucleotide bases in normal
human DNA in hand, scientists would then need to classify
the wide array of human genes according to their function—
which in turn could reveal their roles in cancer. Over
the span of two decades Dulbecco’s vision has moved from
pipe dream to reality. Less than three years after the Human
Genome Project’s completion, the National Institutes
of Health officially launched the pilot stage of an effort to
create a comprehensive catalogue of the genomic changes
involved in cancer: The Cancer Genome Atlas (TCGA).



The main reason to pursue this next ambitious venture
in large-scale biology with great urgency is cancer’s
terrible toll on humankind. Every day more than 1,500
Americans die from cancer—about one person every minute.
As the U.S. population ages, this rate is expected to
rise significantly in the years ahead unless investigators
find ways to accelerate the identification of new vulnerabilities
within cancerous cells and develop novel strategies
for attacking those targets.



Still, however noble the intent, it takes more than a
desire to ease human suffering to justify a research enterprise
of this magnitude. When applied to the 50 most common
types of cancer, this effort could ultimately prove to
be the equivalent of more than 10,000 Human Genome
Projects in terms of the sheer volume of DNA to be sequenced.
The dream must therefore be matched with an
ambitious but realistic assessment of the emerging scientific opportunities for waging a smarter war against cancer.



A Disease of Genes



The idea that alterations to the cellular genome
lie at the heart of all forms of cancer is not new. Since the
first identification in 1981 of a cancer-promoting version
of a human gene, known as an oncogene, scientists have
increasingly come to understand that cancer is caused
primarily by mutations in specific genes. The damage can
be incurred through exposure to toxins or radiation, by
faulty DNA repair processes or by errors that occur when
DNA is copied prior to cell division. In relatively rare
cases, a cancer-predisposing mutation is carried within a
gene variant inherited from one’s ancestors.



Whatever their origin, these mutations disrupt biological
pathways in ways that result in the uncontrolled
cell replication, or growth, that is characteristic of cancer
as well as other hallmarks of malignancy, such as the ability to invade neighboring tissues and to spread to sites throughout
the body. Some mutations may disable genes that normally
protect against abnormal cell behavior, whereas others
increase the activity of disruptive genes. Most cells must acquire
at least several of these alterations before they become
transformed into cancer cells—a process that can take years.



Over the past two decades many individual research
groups have used groundbreaking molecular biology techniques
to search for mutations in genes that are likely candidates
for wreaking havoc on normal patterns of cell growth
and behavior. By early 2007 such small-scale approaches had
identified 350 cancer-related genes and yielded many significant insights into this diabolical disease. A database of these
changes, called the catalogue of somatic mutations in cancer,
or COSMIC, is maintained by Michael Stratton’s group at
the Wellcome Trust Sanger Institute in Cambridge, England.
But no one imagines that it is the complete list.



So does it make sense to continue exploring the genomic
basis of cancer at cottage-industry scale when we now possess
the means to vastly increase the scope and speed of discovery?
In recent years a number of ideas, tools and technologies
have emerged and, more important, converged in a
manner that has convinced many leading minds in the cancer
and molecular biology communities that it is time for a systematic,
collaborative and comprehensive exploration of the
genomics of cancer.



The Human Genome Project laid a solid foundation for
TCGA by creating a standardized reference sequence of the
three billion DNA base pairs in the genome of normal human
tissues. Now another initiative is needed to compare the DNA
sequences and other physical traits of the genomes of normal
cells with those of cancerous cells, to identify the major genetic
changes that drive the hallmark features of cancer. The importance of international partnerships
in large-scale biology to pool resources and speed
scientific discovery was also demonstrated by the Human Genome
Project, and TCGA is exploring similar collaborations.



Finally, the Human Genome Project spurred significant
advances in the technologies used to sequence and analyze
genomes. At the start of that project in 1990, for example,
the cost of DNA sequencing was more than $10 per “finished”
nucleotide base. Today the cost is less than a penny per base
and is expected to drop further with the emergence of innovative
sequencing methods. Because of these and other technological
developments, the large-scale approach embodied in
TCGA—unthinkable even a few years ago—has emerged as
perhaps the most efficient and cost-effective way to identify
the wide array of genomic factors involved in cancer.








MANY PATHWAYS TO MALIGNANCY



Gene malfunctions underlie the ability of cancer cells to escape normal constraints on a cell’s behavior. Because genes
give rise to proteins that serve as cellular building blocks, signals and regulators of other genes, a mutation that
disables one gene, or causes it to be overactive, can have multiple deranging effects on the cell (below).
Nevertheless, cells usually need to accrete several cancer-promoting, or oncogenic, mutations in separate genes
to acquire the hallmark properties of malignancy. Identifying all the genes whose alteration can
produce those traits should one day reveal which mutations are the true drivers of specific types of cancer—even
of a specific patient’s malignancy—and therefore the most effective ways to intervene in the disease.	


[image: ]


Credit: Lucy Reading-Ikkanda.	










Proofs of Concept



Piles of data are, of course, not worth much without
evidence that comprehensive knowledge of cancer’s molecular
origins can actually make a difference in the care of people.
Several recent developments have provided proofs of concept
that identifying specific genetic changes in cancer cells
can indeed point to better ways to diagnose, treat and prevent
the disease. They offer encouraging glimpses of what is to
come and also demonstrate why the steps toward those rewards
are complex, time-consuming and expensive.



In 2001, when the Wellcome Trust Sanger Institute began
its own effort to use genomic technologies to explore cancer,
the project’s immediate goal was to optimize robotics and
information management systems in test runs that involved
sequencing 20 genes in 378 cancer samples. But the investigators
hit pay dirt a year later when they found that a gene
called B-RAF was mutated in about 70 percent of the malignant
melanoma cases they examined. A variety of researchers
swiftly set their sights on this potential new therapeutic target
in the most deadly form of skin cancer. They tested multiple
approaches—from classic chemical drugs to small interfering
ribonucleic acids—in cell lines and in mice, to see if
these interventions could block or reduce the activity of BRAF
or inhibit a protein called MEK that is overproduced as
a result of B-RAF mutations. Today the most promising of
these therapies are being tested in clinical trials.



Other research groups have already zeroed in on genetic
mutations linked to certain types of breast cancer, colon cancer,
leukemia, lymphoma and additional cancers to develop
molecular diagnostics, as well as prognostic tests that can
point to an agent in the current arsenal of chemotherapies to
which a particular patient is most likely to respond. Cancer
genomics has also helped to directly shape the development
and use of some of the newest treatments.



The drug Gleevec, for example, was designed to inhibit
an enzyme produced by a mutant fused version of two genes,
called BCR-ABL, that causes chronic myelogenous leukemia.
Gleevec is proving dramatically effective against that disease
and showing value in the treatment of more genetically complex
malignancies, such as gastrointestinal stromal tumor
and several other relatively rare cancers that involve similar
enzymes. Herceptin, an agent that targets a cellular signal-receiving protein called HER2, is successful against breast
cancers with an abnormal multiplication of the HER2 gene
that causes overproduction of the receptor protein.



Strategies for selecting treatments based on specific gene
mutations in a patient’s cancer are also being tested in studies
of the drugs Iressa and Tarceva for lung cancer, as well as
Avastin for lung, colon and other cancers. The performance
of these new gene-based diagnostics, prognostics and therapeutics
is certainly good news, although the list of such interventions
remains far shorter than it would be if researchers
in academia and the private sector had ready access to the
entire atlas of genomic changes that occur in cancer.



Recent studies illustrate both the potential power of large-scale
genomics applied to the discovery of cancer genes and
the tremendous undertaking a comprehensive cancer genome
atlas will be. In 2006 Johns Hopkins University researchers
sequenced about 13,000 genes in tumor tissues taken from 11
colorectal cancer patients and 11 breast cancer patients. They
reported finding potentially significant mutations in nearly
200 different genes, most of which had not been previously
associated with those two cancers. A follow-up analysis by the
Broad Institute in Cambridge, Mass., raised statistical concerns
about those conclusions, however, indicating that much
larger numbers of samples are likely required to distinguish
true cancer-causing mutations, or drivers, from background
mutations, or passengers, in these and other cancers.



A 2007 study of lung cancer by the National Human Genome
Research Institute’s Tumor Sequencing Project took
advantage of a larger sample set, getting much closer to the
size we are aiming for in TCGA. That analysis of 371 lung
adenocarcinoma samples, plus 242 matched samples of normal
tissue, uncovered a critical gene alteration not previously
linked to any form of cancer.



Among the major challenges encountered by researchers
sequencing cancer cell genomes is the difficulty of distinguishing
meaningless mutations in the tumor samples from
those that are cancer-related. Somewhat surprisingly, early
sequencing studies have also found very little overlap among
the genetic mutations present in different types of cancer and
even substantial variation in the pattern of genetic mutations
among tumor samples from patients with the same type of
cancer. Such findings underscore the idea that many different
possible combinations of mutations can transform a normal
cell into a cancer cell. Therefore, even among patients with
cancers of the same body organ or tissue, the genetic profile
of each individual’s tumor can differ greatly.



To grasp the full scope of what TCGA hopes to achieve,
one must consider the complexities identified in such early
efforts and imagine extending the work to more than 100
types of cancer. It is enough to give even veterans of the Human
Genome Project and seasoned cancer biologists pause.
Yet TCGA participants and other scientific pioneers from
around the world are forging ahead, because we are convinced
that amid the intricacies of the cancer genome may lie
the greatest promise for saving the lives of patients.



Recognizing the immensity of this challenge and leveraging
knowledge gained from TCGA and earlier efforts in England,
researchers from Asia, Australia, Europe and North America
recently announced plans to form the International Cancer
Genome Consortium. The goals of the consortium, in which
the U.S. will play a central role, will be to produce high-quality
genomic data on a number of cancers and to make such data
rapidly and freely available to researchers around the globe.



Although investigators will probably take many years to
complete a comprehensive catalogue of all the genomic mutations
that cause normal cells to become malignant, findings
with the potential to revolutionize cancer treatment are likely
to appear well before this compendium is finished, as the
proofs of concept have shown. As each new type of cancer is
studied and added to TCGA, investigators will gain another
rich new set of genomic targets and profiles that can be used
to develop more tailored therapies.



Compiling a Colossal Atlas



A phased-in strategy that proved successful at the beginning
of the Human Genome Project was to test protocols
and technology before scaling up to full DNA sequence “production.”
Similarly, TCGA is beginning with a pilot project to
develop and test the scientific framework needed to ultimately
map all the genomic abnormalities involved in cancer.



In 2006 the National Cancer Institute and National Human
Genome Research Institute selected the scientific teams
and facilities that are participating in this pilot project, along
with the cancer types they have since begun examining. Over
the next few years these two institutes are devoting $100 million
to compiling an atlas of genomic changes in three tumor
types: glioblastomas of the brain, lung cancer and ovarian cancer.
These particular cancers were chosen for several reasons,
including their value in gauging the feasibility of scaling up this
project to a much larger number of cancer types. Indeed, only
if this pilot phase achieves its goals will the NIH move forward
with a full-fledged project to develop a complete cancer atlas.



The three malignancies selected for the pilot collectively
account for more than 210,000 cancer cases in the U.S. every
year and caused an estimated 191,000 deaths in this country
in 2006 alone. Moreover, tumor specimen collections meeting
the project’s strict scientific, technical and ethical requirements
exist for these cancer types. In September 2006 our institutes
announced the selection of several biorepositories to provide
both tumor and matched samples of normal tissue from the
same patients. These repositories, along with other qualifying
academic institutions and private hospitals, are delivering materials
to a central Biospecimen Core Resource, one of four
major structural components in TCGA’s pilot project.



Cancer Genome Characterization Centers, Genome Sequencing
Centers and a Data Coordinating Center constitute
the project’s other three main elements, and all these groups collaborate and exchange data
openly. Specifically, the seven Cancer Genome Characterization
Centers are using a variety of technologies to examine the
activity levels of genes within tumor samples and to uncover
and catalogue so-called large-scale genomic changes that contribute
to the development and progression of cancer. Such
alterations include chromosome rearrangements, changes in
gene copy numbers and epigenetic changes, which are chemical
modifications of the DNA strand that can turn gene activity
on or off without actually altering the DNA sequence.



Genes and other chromosomal areas of interest identified
by the Cancer Genome Characterization Centers are targets
for sequencing by the three Genome Sequencing Centers. In
addition, families of genes suspected to be involved in cancer,
such as those encoding enzymes involved in cell-cycle control
known as tyrosine kinases and phosphatases, are being sequenced
to identify genetic mutations or other small-scale
changes in their DNA code. At present, we estimate that some
2,000 genes—in each of perhaps 1,500 tumor samples—will be
sequenced during this pilot project. The exact numbers will, of
course, depend on the samples obtained and what is discovered
about them by the Cancer Genome Characterization Centers.



Both the sequencing and genome characterization groups,
many of which were participants in the Human Genome
Project, can expect to encounter a far greater level of complexity
than that in the DNA of normal cells. Once cells become
cancerous, they are prone to an even greater rate of
mutation as their self-control and repair mechanisms fail.
The genomic makeup of individual cells can therefore vary
dramatically within a single tumor, and the integrated teams
will need to develop robust methods for efficiently distinguishing
the “signal” of a potentially biologically significant
mutation from the “noise” of the high background rate of
mutations seen in many tumors. Furthermore, tumors almost
always harbor some nonmalignant cells, which can dilute the
sample. If the tumor DNA to be sequenced is too heterogeneous,
some important mutations may be missed.



The extent of these and other challenges should be known
soon, as researchers begin to examine the extraordinary sets
of multidimensional data being generated by TCGA. Though
still in its early phases, the atlas team’s comprehensive analysis
of glioblastoma has already identified at least one new
gene that may prove to be important in understanding the
cause of this deadly form of brain cancer.



Following the lead of the Human Genome Project and other
recent medical genomics efforts, scientists are making all
these data swiftly and freely available to the worldwide research community. To further enhance its usefulness to both
basic and clinical researchers and, ultimately, health care professionals,
TCGA is linking its sequence data and genome
analyses with information about observable characteristics of
the patient donors and their clinical outcomes. Developing the
bioinformatic tools to gather, integrate and analyze those massive
amounts of data, while safeguarding the confidentiality of
patient information, is therefore another hurdle that must be
cleared to turn our vision into reality.








Genes and Cancer



A connection between genetic abnormalities and the aberrant
features of cancer cells was first suggested more than 100
years ago by German biologist Theodor Boveri and others. But
over the past few decades evidence that gene alterations
directly cause the deranged behavior of cancer cells began
accumulating. Calls arose by 1986 to sequence the normal
human genome to study malignant gene changes comprehensively.
The Human Genome Project was completed in 2003. The
Cancer Genome Atlas project recently started cataloguing the
gene mutations found in three types of human cancer.



1890–1914

Studies of abnormal chromosome distribution
during cell division suggest a role in malignancy.


1950s–1960s

Multiple discoveries reveal that tumor viruses can cause cancer
by injecting their genes into cells.


1960

First genetic defect associated with a specific
cancer—an abnormality known as the Philadelphia
chromosome—is discovered in chronic
myelogenous leukemia (CML) cells.


1976

Scientists discover that src, a nonviral gene found in animal cells,
can cause cancer. 

1979

  P53, later found to be the most frequently mutated gene in human
cancer, is discovered. 

1981

  H-RAS is the first human oncogene (a gene whose alteration is
cancer-promoting) to be discovered. 

1983

Altered methylation of DNA, suspected to affect gene activation,
is found in cancer cells.


1986

Renato Dulbecco, writing in Science, calls for sequencing the human
genome to advance cancer research. 

1986

U.S. Department of Energy considers sequencing
the human genome to further study of radiation effects.


1986

First tumor suppressor gene, RB1, is identified. 

1987

Fused gene BCR-ABL in the Philadelphia chromosome
is found to cause CML.


1990

Model of multistep tumor genesis clarifies
the role of accumulated gene changes in
cellular transformation to malignancy.


1990

Human Genome Project begins.


1993

Preclinical testing starts on drug that would
become Gleevec, the first therapy developed to
target a known gene-based cause of a cancer.


1999

Gene-activity profiles are first shown to distinguish between
cancer types and to predict chemotherapy response.


2001

Gleevec earns FDA approval.


2002

Wellcome Trust Sanger Institute tumor genome survey discovers
a mutation in B-RAF gene common to 70 percent of melanomas.


2003

Human Genome Project is completed.


2005

The Cancer Genome Atlas (TCGA) pilot project is
announced by the National Institutes of Health.


2006

TCGA names pilot project participants and three
cancer types for sequencing and genetic analysis.


2007–2010

TCGA will collect and analyze tumor samples obtained from designated
biorepository institutions treating patients with cancer. The project’s
four primary components—a Biospecimen Core Resource, seven Cancer
Genome Characterization Centers, three Genome Sequencing Centers
and a Data Coordinating Center—will cooperate to test methods
and technologies and to generate and manage data that will be made
available to the wider research community.









Uncharted Territory



The road ahead is fraught with scientific, technological
and policy challenges—some of which are known and others
as yet unknown. Among the uncertainties to be resolved: Will
new sequencing technologies deliver on their early promise in
time to make this effort economically feasible? How quickly
can we improve and expand our toolbox for systematically
detecting epigenetic changes and other large-scale genomic
alterations involved in cancer, especially those associated with
metastasis? How can we harness the power of computational
biology to create data portals that prove useful to basic biologists,
clinical researchers and, eventually, health care professionals
on the front lines? How can we balance intellectual property
rights in a way that promotes both basic research
and the development of therapies? The list goes on.



To avoid raising false expectations, we also must be clear
about the questions this project will not attempt to answer.
Although it will serve as a resource for a broad range of biological
exploration, TCGA is only a foundation for the future
of cancer research and certainly not the entire house. And we
face the sobering issue of time—something that is in short
supply for many cancer patients and their families. As we
survey the considerable empty spaces that exist in our current
map of genomic knowledge about cancer, the prospect of filling
those gaps is both exhilarating and daunting. Scientists
and the public need to know up front that this unprecedented
foray into molecular cartography is going to take years of
hard work and creative problem solving by thousands of researchers
from many different disciplines.



Where all this work will lead can only be dimly glimpsed
today. In this sense, our position is similar to that of the early
19th-century explorers Meriwether Lewis and William Clark.
As they ventured up the Missouri River into the largely uncharted
Northwest Territory in 1804, their orders from President
Thomas Jefferson were to “take observations of latitude
and longitude at all remarkable points.... Your observations
are to be taken with great pains and accuracy; to be entered
distinctly and intelligibly for others, as well as yourself.”



Although Lewis and Clark did not find the much-longed-for
water route across the continent, their detailed maps
proved valuable to their fledgling nation in myriad ways that
Jefferson could never have imagined. For the sake of all those
whose lives have and will be touched by cancer, we can only
hope our 21st-century expedition into cancer biology exceeds
even Renato Dulbecco’s grandest dreams.








Targeting Gene Changes in Cancer	



TCGA pilot project teams will examine the DNA of some
1,500 tumor samples from patients with cancers of the lung,
ovaries or brain (glioblastoma), looking for genetic changes.
Approximately 2,000 suspect genes in each sample will be
sequenced to identify specific mutations. The list of target
genes will be tailored to each cancer type and largely determined
by what the Cancer Genome Characterization Centers
find in the samples, although candidates will also be drawn
from categories of genes already associated with cancer.
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From Genome to Cancer—Why the Time Is Right



When in 1986 I suggested a new project directed at identifying
all human genes, one of my overriding goals was to find those
genes involved in cancer development—a feat I hoped would
lead to new tools for cancer research and, ultimately, to new
therapies. That original human genome project has now been
carried out and has demonstrated its usefulness for the
discovery of genes involved in many diseases, including cancer.
Moreover, the genome sequencing effort has been extended to
other organisms—from bacteria to chimpanzees—and is
showing the unity of life by revealing how many genes
distant species share.



In the course of this work, new technologies
have also provided a much more detailed
understanding of the complicated processes by
which genes give rise to a variety of functional
molecules. An important outcome of this research is
the realization that genes do not act alone but are
participants in extensive networks of activity within cells. Any
change in the functioning of one gene can therefore be
accompanied by changes in the workings of multiple genes and
proteins involved in the cells’ self-maintenance.



The complexity of this system in normal
cells is evident in what we already know
about cancer—that it results from the
stepwise loss of such cellular self-control,
which becomes more and more complete as
the disease progresses. That progression is
caused only in part by physical alterations, or
mutations, in specific genes; mostly it is the
result of consequent changes in the
activity of many other genes involved
in cell regulation. Single genes may
therefore be responsible in the
initiation of cancer and so potential
therapeutic targets. To reach the
more advanced stages of these
cancers (such as the acute phase of myeloid leukemia or the
metastatic phase of other cancers), however, the participation
of many other genes is required. Most of them are still unknown.



An exception is the recently observed phenomenon of
oncogene addiction in certain tumor cells: despite the presence
of numerous mutations to the cellular genome, turning off the
activity of one so-called oncogene causes the cells to commit
suicide via a mechanism known as apoptosis. But how generally
this phenomenon occurs is also unknown. To approach these
questions, it will be necessary to have a complete
catalogue of the structural and functional alterations
of genes and other cellular components that cause
the loss of regulation in cancer cells. This process, in
turn, will require a complete determination of their
connections into networks by computational
means—a task for the future.



On the way to this goal, however, many other
unanswered questions can be explored by the research
community. A possible role for stem cells in cancer, for
example, is supported by similarities in the behavior of stem
cells and cancer cells: both have an unlimited ability to divide;
both are very sensitive to the cellular environment, or niche,
in which they grow; and many of the genes known to be active
in stem cells are also activated in cancer cells.



The advent of genomics has provided welcome insight into
the mechanisms by which normal cells become cancerous, but
our picture is still incomplete. The time has come to obtain a
truly comprehensive catalogue of the genes involved in cancer,
bringing to bear all the power of the new tools of genomics and
molecular biology to the problem. The Cancer Genome Atlas
project aims to do just that.



- By Renato Dulbecco	










--Originally published: Scientific American  296(3); 50-57 (March 2007).






	
		
	

SECTION 2


Early Detection: What About Screening?


		

	
	    
Beyond Mammograms: Research Aims To Improve Breast Cancer Screening

by Nancy Shute




Find a breast cancer tumor when it is tiny, and a woman will probably beat the disease. Find that same malignancy when it is larger or has spread to other organs, and she is far more likely to die, even after surgery, radiation and chemotherapy. Finding breast tumors before they turn deadly is a challenge and one that medical technology has so far failed to master.



“We desperately need better breast cancer screening tools,” says Otis Webb Brawley, chief medical officer at the American Cancer Society. His organization promotes mammography in an effort to reduce the 40,000 deaths from breast cancer every year in the U.S. But that emphasis, Brawley fears, leads engineers and medical device manufacturers to presume that the problem of breast cancer detection is not worth their attention, because it has been solved. It has not. Mammograms miss up to 20 percent of tumors, and an average of one out of 10 readings mistakenly identifies healthy breast tissue as possibly malignant. Those false positives mean that women who try to do the right thing by going in for routine cancer screening face a substantial risk of needless biopsies (which can themselves be disfiguring and interfere with treatment later on) and expense, as well as the misplaced fear that they have cancer when they really do not.



Mammography’s shortcomings have spawned controversy and confusion. In 2009 the U.S. Preventive Services Task Force (USPSTF) determined that routine mammograms would save too few lives of women ages 40 to 49 to justify the number of false positives and unnecessary biopsies that would result in that age group. Medical societies and patient advocacy groups attacked the recommendation; the American Cancer Society still advises women in their 40s to undergo mammography every year. Some health experts fret, though, that the USPSTF finding has discouraged more than a few women, not just those in their 40s, from getting tested. “It’s made women more skeptical about the test,” says Sheryl Gabram-Mendola, a surgical oncologist at Emory University’s Winship Cancer Institute. “Women say, ‘I’m just not going to do it, I’m too busy.’”



Even before the 2009 controversy, however, women were forgoing screening mammograms. According to the most recent data from the U.S. Centers for Disease Control and Prevention, the percentage of women who have undergone mammograms within the previous two years has dropped a bit across all age groups. For women 40 to 49, the number fell from 64.3 percent in 2000 to 61.5 percent in 2008—which makes sense if mammograms are unhelpful as screening tests in that age group. For women 50 to 64, it fell from 78.7 percent in 2000 to 74.2 percent in 2008—which is worrisome given that the evidence shows mammograms are clearly beneficial for women 50 and older.



Better tools could help encourage screening and make it more useful for women of all ages. No method currently under study is robust enough yet to supplant mammography. But researchers and clinicians hope that a greater understanding of the physiology and biochemistry of breast cancer, combined with more dexterous technology, will one day result in screening tools that can replace or inexpensively supplement mammograms so that the results will be more trustworthy.



Today’s Options



Mammography, which has been used to detect tumors since the 1970s, misses some cancers and wrongly suggests the presence of others because it is based on low-dose x-rays, which have inherent limitations in their ability to resolve tumors. When viewed with x-rays, a malignancy appears lighter in color than does normal breast tissue. X-rays also pick up white specks of calcium deposits that may be generated by a tumor as it grows. But x-rays are not good at spotting tiny tumors, partly because of a lack of contrast and partly because the calcifications associated with tumors are much smaller than benign deposits and therefore easy to overlook. Nor are x-rays good at detecting tumors in dense breast tissue, which also reads as white; many women younger than 50 have dense breasts. Finally, mammograms cannot indicate for sure whether an unusual mass is cancerous.



Two other commonly used imaging techniques—magnetic resonance imaging (MRI) and ultrasound—often supplement mammography to detect breast cancer but are not yet reliable enough to be used by themselves for screening. MRI uses magnetism and radio waves to measure differences in the water content of tissue, which provides more detail about differences in the composition of breast tissue than do x-rays. But because a benign cyst often looks like a tumor on an MRI, screening with MRI also increases the rate of false positives. For that reason, the American Cancer Society recommends annual MRI screenings only in women with a strong family history of breast or ovarian cancer. In addition, breast MRIs are too expensive for routine use in the general population, running $2,000 to $6,000 a test compared with a few hundred dollars for a mammogram.



Ultrasound relies on high-frequency sound waves to characterize the internal structures of the breast. Unlike MRI, it can determine if a lump is a harmless, fluid-filled cyst. But its images cannot distinguish malignant tumors from benign growths filled with harmless breast tissue. It thus gives more false negatives than mammography does, which is why it is less than ideal as a stand-alone method for initial screening.



Fresh Ideas



Researchers, in their quest for better solutions, are experimenting with new twists on an age-old method: feeling for lumps. Tumors are stiffer than healthy breast tissue—which is why they feel different. The problem with waiting until a tumor has grown large enough to be felt, however, is that the delay increases the odds that the cancer will have spread by the time it is diagnosed. The goal is to create ways of detecting that stiffness while a tumor is still too small to be felt by human hands.



One method for measuring such stiffness depends on a combination of low-frequency sound waves and MRI. Dubbed magnetic resonance elastography, the technique was first developed more than a decade ago by Richard Ehman, a radiologist at the Mayo Clinic. Currently applied to the diagnosis of nonmalignant liver diseases, the approach is now being tested on breast tumors. Patients are scanned in an MRI while sound waves with a frequency of 60 hertz pass through plastic tubes to the breasts. The MRI picks up tiny variations in how tissue is moved by the sound waves. Ehman says his team has gotten pretty good at distinguishing between normal and malignant breast tissue based on the stiffness revealed by the MRI. But for elastography to work as a population-wide screening tool, the cost of using an MRI would have to be much lower.



Another technique for measuring tissue stiffness dispenses with the expense and claustrophobia of an MRI. Bruce Tromberg, a biomedical engineering professor at the University of California, Irvine, has built a handheld scanner that sends near-infrared light through the skin and into the breasts and then measures how the light energy scatters on its path through the body before it gets reflected back to the scanner. The light photons travel differently through tumors than through normal tissue. The experimental device is being tested in cancer patients to see whether it can be tuned to accurately measure tumor shrinkage in response to therapy. Tromberg hopes, though, that the technology can eventually be refined enough to spot malignancies while they are still microscopic.



A simpler screen, like a blood test, would be ideal. Physicians do have blood tests that detect the recurrence of breast and ovarian cancer, such as by measuring a molecule called CA125, but they are not accurate enough for large-scale screening. Several researchers, however, are tracking chemical markers in the blood and in the breath with the goal of creating screening tools that could someday not just find cancer but also indicate how dangerous it is likely to be.



Emory’s Gabram-Mendola and chemists at the Georgia Institute of Technology have found markers in the breath of 20 breast cancer patients that were not present in the breath of 20 control subjects. The team is not focusing on fully replacing mammography but on saving it to use as a follow-up tool in places where resources are scarce. “There is a huge need to come up with something that can be used in countries where mammography is less available,” says Charlene Bayer, who is leading the effort at Georgia Tech. A breath test performed in a doctor’s office could also have great appeal for the many women in developed countries who shun screening mammograms because of the discomfort and inconvenience.



Meanwhile developing a single, perfect detection tool for spotting breast cancer remains a tall order. “The technology needs to be able to identify many, preferably most or all, of the people who have the disease,” says David Dershaw, attending radiologist and emeritus director of breast imaging at Memorial Sloan-Kettering Cancer Center in New York City. “It needs to be reasonably noninvasive, tolerable and acceptable to people so they will undergo the test. It needs to be not very expensive. And it has to be widely available.” Nothing under study fits that bill better than mammograms do—at least for now.



Where does that leave women in their 40s? Many doctors who no longer advise mammograms for most women younger than 50 continue to suggest them for those with a family history of breast or ovarian cancer. But for now the majority of women in their 40s will have to continue to struggle with the to-screen-or-not-to-screen question—and a realization that when it comes to tracking down breast cancer, there is still no perfect tool.







--Originally published: Scientific American Online, May 1, 2011.







	
	    
Why I Won’t Get a Colonoscopy

by John Horgan




I recently visited a doctor for one problem, and, as doctors are wont to do, he recommended tests for completely unrelated problems. My hearing has seemed muffled lately, so I wanted the doctor to peer in my ears. He said my ears looked fine; I'm probably just experiencing normal, age-related hearing decline. (Delayed effects, no doubt, from sitting in the front row during a Jimi Hendrix concert in 1968.)


 
The doctor asked me when my last check-up was. Five years ago, I said, after I got a sports hernia playing hockey, but I feel fine. He nonetheless recommended a blood test for high cholesterol and other potential problems, a PSA test for prostate cancer and maybe a screen for colon cancer. No thanks, I said coldly, and left his office. Little did he know he was talking to an anti-testing nut.


 
As I reported in the fall of 2011, men are 47 times more likely to get unnecessary, harmful treatments—biopsies, surgery, radiation, chemotherapy—as a result of receiving a positive PSA test than they are to have their lives extended, according to a major study.


 
As for screening for colon cancer, a new study allegedly finds merit in colonoscopies, a nasty, expensive procedure in which a physician sticks a cable tipped with a camera and clippers up your butt and snips off suspicious-looking lumps on the wall of your bowels. The study, published in the New England Journal of Medicine, involved 2,602 patients tracked for up to 23 years after they had colonoscopies resulting in the removal of polyps. Twelve people in this group died of colon cancer, compared to an average of 25.4 people in the general population.


 
A New York Times editorial proclaimed that the study "ought to goad millions who are still ducking [colonoscopies] to get over their squeamishness." The study ought to do no such thing. First of all, it was not a randomized clinical trial. The screened group might have been healthier to begin with than the non-screened group.


 
Second, the study looked only at death from colon cancer and not from all causes. The physician James Penston, a consultant to England's National Health Service, argued in the British Medical Journal last October that all-cause mortality is a better measure of the value of screening, both because attributing cause of death can be unreliable and because screening itself can be harmful.


 
"Invasive procedures may have fatal complications, while overdiagnosis—that is, the identification and treatment of tumors that otherwise would have caused no disease—may also result in death," Penston stated. According to Penston, meta-analysis of four randomized trials involving 300,000 people found that tests for bowel cancer did not reduce overall mortality rates.


 
Another analysis of British data on colon cancer, by the watchdog group Straight Statistics, concluded that screening 1,000 patients for 10 years will prevent two deaths from the disease. Meanwhile, colonoscopies lead to "serious medical complications" in 5 out of every 1,000 patients, according to a 2006 report in the Annals of Internal Medicine. Given these risks, my guess is that a rigorous examination of colonoscopies will find that their benefits do not outweigh their downside.


 
The New York Times, perhaps to offset its ill-considered editorial plug for colonoscopies on February 24, ran a rebuttal of sorts three days later from H. Gilbert Welch, a professor of medicine at the Dartmouth Institute for Health Policy and Clinical Practice and author of Overdiagnosed: Making People Sick in the Pursuit of Health (Beacon Press, 2011). Welch wrote:


 
"Screening the apparently healthy potentially saves a few lives (although the National Cancer Institute couldn’t find any evidence for this in its recent large studies of prostate and ovarian cancer screening). But it definitely drags many others into the system needlessly—into needless appointments, needless tests, needless drugs and needless operations (not to mention all the accompanying needless insurance forms). This process doesn’t promote health; it promotes disease. People suffer from more anxiety about their health, from drug side effects, from complications of surgery. A few die. And remember: these people felt fine when they entered the health care system."


 
Now that's a healer who adheres to the ancient precept: First, do no harm. The next time a doctor urges me to get unnecessary tests, I'm going to email him Welch's essay.





--Originally published: Scientific American Online, March 12, 2012






	
	    
The Great Prostate Cancer Debate

by Marc B. Garnick




In the fall of 2011 the U.S. preventive services task force dropped a bombshell, arguing
that healthy men should stop undergoing a routine blood test as a screen for
prostate cancer. An analysis of the best available evidence, it argued, had shown
little or no long-term benefit from the measure—called the prostate-specific antigen
(PSA) test—for most men with no symptoms of the disease. Use of the
screening was not saving lives. In fact, it was needlessly exposing hundreds of
thousands of men who were tested and found to have prostate cancer to such
common complications as impotence and urinary incontinence (from surgical removal of the
prostate) and rectal bleeding (from radiation treatment). Indeed, the task force estimated that
more than one million men have been treated because of PSA testing who otherwise would not
have been since 1985. At least 5,000 of them died soon after treatment, and another 300,000 men
suffered impotence or incontinence, or both. Instead of praise for sparing more men from suffering
similar fates, however, the task force’s announcement quickly drew outrage and counterarguments
from several professional medical groups, including the American Urological Association.



The controversy is not new. Experts have long debated the value
of the PSA test, but until now the weight of opinion in the U.S.
fell on the side of doing the test. As a medical oncologist specializing
in prostate cancer, however, I essentially agree with the task
force’s assessment of the evidence. Most people outside the medical
community do not realize how flimsy the evidence has been in
favor of the screening tests. (Make no mistake, the PSA test still
provides valuable information after a prostate cancer has already
been diagnosed, however.) Nor does the public realize how common
complications can be—even from sophisticated treatment
that proponents advertise as the most advanced.



As the debate over PSA testing continues, controversy also
swirls over a related question: when and if to treat people who
ultimately turn out to have prostate cancer after testing positive
on a screening test. Here, too, the evidence favors a significant
change in course—away from aggressive early treatment for all
and toward taking a more cautious, individualized approach.



At the root of these changing attitudes is the realization that
prostate cancer can behave very differently from one patient to
another and that “early” treatment is not the panacea that most
physicians, including myself, used to think it would be.



The Source of the Controversy


The controversies have arisen because the screening test and
treatments are both deeply flawed. In a perfect world, a screening
test would identify only cancers that would prove lethal if
untreated. Then men who had small, curable cancers would be
treated, and their lives would be saved. Ideally, the treatments
would not only be effective, they would have no serious side effects.
Such a scenario would justify massive screening and treatment
of everyone with a positive test.



But the reality is far different. The PSA test does not tell you if
a man has cancer, just that he might have it. The test measures
the amount of a protein called prostate-specific antigen, which is
produced by the cells of the prostate and whose levels can rise
for a variety of reasons—including benign growth of the prostate
gland with age, infection, sexual activity or the proliferation of
malignant cells. So a positive test means men have to have a biopsy, which involves some discomfort and risk. And that is not
the worst if it. A biopsy can, at least, distinguish men who actually
do have cancer from those who probably do not. The real problem,
though, is that doctors do not have a reliable way to determine
which of these very small cancers that are caught by a biopsy
are potentially dangerous and which will never bother a man
in his lifetime. (Indeed, autopsy studies show that more than
half of men in their 50s and three quarters of men in their 80s in
the U.S. had prostate cancer but died of something else.) That
uncertainty means doctors do not know who absolutely needs
treatment to survive and who would be fine without it.



Such ambiguity would not be so bad if the treatments were
virtually risk free. In that case, treating everyone might be worth
the extra effort and cost to save the few who actually needed it.
Yet the treatments are far from risk free. Unfortunately, the prostate
is situated close to the rectum, bladder and penis, making it
difficult to remove surgically or to treat with radiation without
long-lasting complications.



Each type of treatment comes with its own side effects. Surgery
(open radical prostatectomy) often results in urinary leakage
because the removal of the prostate requires the lower portion
of the bladder to be disconnected from the urinary tube running
through the penis. The surgeon later reconnects the bladder
and urethra, but damage to the nearby muscle that controls urination
may lead to incontinence. Meanwhile the nerves and
blood vessels controlling erections may be severed during surgery,
causing erectile dysfunction (impotence). Although advertisements
typically extol lower complication rates with robot-assisted
surgery, large independent studies that rigorously compare
the two approaches have not been conducted.



In addition to impotence, radiation therapy of the prostate
often ends up damaging the rectum and bladder because it is
hard to avoid radiation scatter, which hits the front of the rectum
and the base of the bladder. Moreover, rectal bleeding and fecal
soiling are frequent but commonly underreported side effects of
both radiation therapy (including radioactive seed implants)
and surgical approaches. (As an aside, side effects of the medical
therapies that are used for advanced cancer that requires treatment—hormonal 
treatments, immune therapies or chemotherapy—include loss of sexual drive, impotence, weight gain, bone
thinning, hot flashes, and heart and liver abnormalities.) Thus,
when a decision is made to offer treatment, the true risks must be
carefully weighed against potential benefits.








Potential for Complications	



Treatment for prostate cancer includes surgery to remove the prostate or radiation to
destroy it. Yet the location of the gland, which produces part of the seminal fluid,
means that both approaches often cause side effects. Because the prostate sits below
the bladder, in front of the rectum and near the nerves that help the penis achieve
erection, complications from radiation and surgery can include urinary incontinence,
impotence and rectal bleeding.
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Updating the Guidelines



The evidence against PSA screening has been growing for some
time. In 2008, which was the last time the Preventive Services
Task Force looked at the PSA guidelines, it recommended that
physicians stop testing asymptomatic men older than the age of
75. The data showed that most men with prostate cancer at 75
were more likely to die of something else. Just one year later two
very large prospective studies were published that seemed to settle
the question for younger men as well.



Referred to as the European study and the U.S. study, respectively,
the two reports took otherwise healthy men, most of whom
were in their 50s and 60s, and randomly divided them into two
groups. One group of men was periodically screened for prostate
cancer with either the PSA test or a digital rectal exam (in which a
physician inserts a finger into the rectum to feel for abnormalities
in the prostate), or both. If either test was abnormal, a biopsy was
performed, and if the biopsy showed cancer, treatment was generally
recommended. The second group of men was not offered
routine testing; however, they received standard medical care as
needed. For example, if they started showing symptoms of prostate
cancer—such as trouble urinating (which is also a sign of benign
enlargement of the prostate gland)—then they were tested.
At the end of the specified study periods, participants were evaluated
for two important outcomes:



■ Did the tested and treated men live any longer than those
not tested?

■ Did the tested and treated men lessen their chance of
dying of prostate cancer, compared with those not tested?



Remarkably, in neither study did the tested and treated men
live any longer, and in the European study only those who were
tested and treated had about a 20 percent lower likelihood of dying
of prostate cancer. Such a decrease in prostate cancer mortality
was not found in the U.S. study.



The European study went on to calculate how many men
would need to be screened and treated to prevent a single death
resulting from prostate cancer. Determining this so-called number
needed to screen (NNS) ratio has become increasingly important in trying to figure out which screening tests are most
helpful. The European researchers determined that to save one
life from prostate cancer, about 1,400 men would have to be
screened, leading 48 men to undergo treatment. So 47 men
would be treated unnecessarily—many of whom would suffer
fairly serious side effects—so that one man’s death from prostate
cancer could be prevented. And yet, despite successfully preventing
a death from prostate cancer, the value of screening for even
that one person is debatable because the overall death rate from
all causes was identical in both the screened and unscreened
groups. More recent analyses of subgroups in the European
study have suggested that the number needed to treat may be as
low as 12. The more favorable results all come from one area in
Sweden, however, and therefore may not be widely applicable.



As always with medical studies, a few caveats must be kept
in mind. Whereas the data strongly suggest that most healthy,
asymptomatic men do not have to undergo routine screening,
those with a strong family history of prostate cancer—men who,
for example, had a father, an uncle or a grandfather die of the
disease before the age of 70—may reasonably decide to undergo
routine PSA screening. Practically speaking, as a physician, I
would find it hard to deny offering them the PSA test, especially
if they requested it. They probably have inherited a genetic predisposition
to the illness that makes them particularly susceptible
and thus unlike the general population. In a few more years
we may be able to use specific genetic tests to identify individuals
who need to pay closer attention to their risks.







Disappointing Data



Starting in the 1990s, the widespread use of the PSA test to
screen for prostate cancer led to a surge in tumor diagnoses
(blue). Soon after, the number of deaths from prostate cancer
(red) started to fall. But these trends do not prove cause and effect.
In fact, in 2009 two scientifically rigorous, prospective studies
found that the PSA screening test offered little or no benefit
with respect to cause of death. The decline in deaths seen below
could be the result of lifestyle changes or perhaps the increasing
use of cholesterol drugs called statins, which have an
anti-inflammatory effect that may protect against cancer
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Mr. H. Says No



As it happens, one of my patients unknowingly anticipated the
position of the Preventive Services Task Force 16 years ago,
when he was 54 years old. In 1996, against the advice of every
cancer specialist that he consulted (including
me), he decided to forgo any
therapy after a routine PSA test led to a
diagnosis of prostate cancer. Even then,
his reading of the available research led
him to conclude that his particular
cancer was unlikely to kill him, at least
for the foreseeable future. Moreover, he
reasoned, the delay might prove beneficial
if newer, more effective therapies
came along in a few years’ time. Therefore,
he refused immediate treatment,
although he adopted healthier habits
and lost weight. Every year after his
bold decision, I would advise Mr. H., as
I will refer to him, to undergo treatment.
Every year he would just as
steadfastly refuse my advice.



Sixteen years later Mr. H. is still very
much alive, and the tumor remains confined
to his prostate gland. He has not
received surgery, radiation or medicinal
treatments for his cancer. His PSA level
has risen from seven to 18 units—a very
slow rate of rise, indicating that the
cancer is growing very slowly. (Of
course, had we known that in 1996 the
decision not to treat would have been
an easier one.) By demanding to know
what proof we had for our recommendations,
he was able to make a reasoned
decision and avoided trading almost
certain harms for uncertain benefits.



Changing Assumptions



In fact, when I first met Mr. H., our recommendations
were based not on
strong clinical trials but on a mistaken
idea of how prostate cancer behaves
over time. We knew that some prostate
tumors were slow-growing and others
were very aggressive. Still, we assumed
that most tumors eventually progressed
from small cancerous growths to bigger ones to metastatic tumors
that spread throughout the body and became incurable.
Catching a cancer in its early stages and removing or destroying
it would, therefore, nearly always mean we had saved someone’s
life. That seemingly logical assumption led us to advise
our patients to undergo treatment whenever a cancer was
caught in its earliest stages—and count themselves lucky that
they had. Indeed, this logic is the support for all our screening
programs in cancer.



Unfortunately, the mortality data collected over the past 25
years show that the natural history of prostate cancer is not as
straightforward as my colleagues and I once believed. True
enough, the death rate from prostate cancer has fallen from its
peak in the 1990s. While proponents of screening argue that this
decline must be related to PSA testing, their conclusion is not, as
we have seen, borne out by prospective studies. Furthermore, if
our understanding of how prostate
cancers grow and progress
had been correct, the death rate
should have fallen much further
and faster. In fact, we now know
that many prostate cancers do
not progress at all. Their growth
is slower than slow. It is stalled.



As researchers discover more
examples of cancers that are diagnosed
by their cellular abnormalities
but nonetheless grow so
slowly that they neither spread
or turn fatal, there is talk of giving
these growths a different
name, such as indolent tumor, to
underscore the fact that they do
not necessarily have to be treated
for a very long time or perhaps ever. Of course, we do not
know which ones are indolent at first diagnosis, but we can have
strong suspicions based on various characteristics of the tumor
and can confirm the hunch by monitoring patients over time.



Changing Practice



Changing ingrained habits is just as hard in medicine as it is in
other areas of life. There are bound to be many men (not to
mention their physicians) who simply will not feel comfortable
forgoing a PSA test after all the years of advice to the contrary.
And some individuals will swear that the PSA test saved their
life. Fortunately, I think we can manage their care in ways that
protect them from unnecessary treatment. This approach can
also offer a way out of the “to treat or not to treat” dilemma. It
consists of delaying therapy until a cancer more definitively
shows itself to be indolent, slow-growing or potentially lethal.



In my own practice, a substantial percentage of the men I
care for with prostate cancer are not receiving any treatment at
present. Rather they are enrolled in a program that used to be
called “watchful waiting” and is now more sophisticated and
known as “active surveillance with delayed intention to treat.”
In other words, these men have elected to undergo PSA screening
and have learned they have a tumor but have chosen not to
be treated right away. Instead they continue to have their PSA
levels monitored and undergo periodic biopsies of the prostate
gland to keep a watch on the activity of the tumor. Last December
a consensus panel of experts convened by the National Institutes
of Health examined the evidence and declared that “active
surveillance has emerged as a viable option that should be offered
to patients with low-risk prostate cancer.”



Treatment is considered if further biopsies show that the
growth has gotten bigger, PSA results increase rapidly or the
newly biopsied cells look markedly more dangerous under a microscope
as measured by the so-called Gleason score. Results of
a long-term Canadian study indicate that the death rate from
the disease for men who elect active surveillance is 1 percent
over 10 years—compared with a 0.5 percent risk of dying from
complications in the first month after prostate cancer surgery.



The point is that the initial decision to forgo treatment is not
necessarily the final one. Surgery, radiation and other therapies
are still available later on, and the data indicate that the outcome
will not be negatively affected by the delay. For those who eventually
need treatment, newer techniques that destroy just the cancerous
part of the prostate (so-called prostate lumpectomy or focal
therapy) may be appropriate and result in fewer side effects—although
rigorous comparison studies have not yet been completed.



As for the 4 percent of U.S. men with prostate cancer whose
disease has spread to the bones or other organs, there is still no
cure, but treatments are slowly becoming more effective. Testosterone-blocking medication—which interferes with the cancer’s
ability to grow—is the standard of care for advanced cases. Eventually,
however, a few tumor cells overcome the effects of this
chemical castration and continue to wreak havoc. More recently,
the U.S. Food and Drug Administration has approved two new
approaches to treating late-stage disease. The first involves a
complex biochemical process that boosts the immune system’s
ability to destroy malignant cells.



The second is a drug called abiraterone, which stops the production
of testosterone in prostate cancer cells. Studies of both
therapies show that they prolong survival by an average of four
months. Other treatments, which target molecules that the cancer
cells need to grow and spread, are under investigation.



We have learned a good deal about prostate cancer in the
years since Mr. H. first opted against treatment for what turned
out to be a very slow growing tumor. That knowledge is improving
our ability to tailor treatments for individuals rather than
always treating everyone the same. It has also taught doctors
that we have to be very clear both with ourselves and with our
patients about what we really know, from a scientific point of
view, and what we do not know—and have the courage to act on
the evidence and not just our beliefs.






--Originally published: Scientific American 306(2); 38-43 (February 2012).






	
		
	

SECTION 3


Homing in on Targeted Therapies


		

	
	    
A New Ally against Cancer

by Eric von Hofe




For decades, cancer specialists have offered patients three 
main therapies: surgery, chemotherapy and radiation. (Some
cancer survivors pointedly refer to this harsh trinity as
“slash, poison and burn.”) Over the years continual refinements
in these admittedly blunt instruments have made the
more severe side effects increasingly manageable. At the same time, effectiveness
has improved markedly. And new, very targeted drugs (Herceptin
and Gleevec) have become available for a few specific cancers. All
told, the average five-year survival rate for invasive cancers as a group
has risen from 50 percent to 66 percent in the past 30-plus years. In spite
of these gains, many cancer survivors will not have a normal life span.



Researchers have long suspected that they could add a weapon
that would dramatically increase cancer survival rates without
producing serious side effects if they could just figure out
how to prod the body’s own immune system to do a better job of
fighting malignancies. But decades of effort met with one failure
after another. In the 1980s, for instance, overheated hopes
that an immune system molecule called interferon would rouse
the body’s defenses to cure all or most cancers were dashed after
a few more years of research. Today interferon has a place but is
not the cure-all once envisioned. By the first decade of this century
a great number of clinical trials were being conducted using
lots of different types of vaccine-related approaches, but
nothing seemed to be working. It was starting to look as though
the long-hoped-for general weapon against a broad range of tumors
would never materialize.



It still has not. But something happened in the summer of
2010 suggesting that the age of false starts and blind alleys in
the effort to awaken the immune system may finally be drawing
to a close: the U.S. Food and Drug Administration approved the
first vaccine to treat a cancer. The drug, called Provenge, is not a
cure, but it—along with standard chemotherapy—already has
given hundreds of men with advanced prostate cancer a few extra
months of life.



This positive turn of events occurred after scientists reexamined
a few fundamental assumptions about how the immune
system works against cancer cells as well as how tumors fight
back against immunological attacks. Today cancer researchers
are cautiously optimistic that we can develop additional, very
specific immune-boosting therapies that can be used routinely
alongside surgery, chemotherapy and radiation to subdue cancer
while triggering side effects that are no worse than a bad cold.



A New Ally



Many of us are focusing particularly on therapeutic cancer vaccines.
Unlike most familiar vaccines, which prevent certain infections
that can lead to brain damage (measles), paralysis (polio) or
liver cancer (hepatitis B) from taking hold in the first place, therapeutic
cancer vaccines train the body to recognize and destroy
cancer cells that already exist within its tissues and to keep killing
those malignant cells long after treatment has ended.



Developing such vaccines is easier said than done. Most preventive
vaccines trigger a simple antibody response, which is
usually pretty good for protecting against lots of different kinds
of infections. The antibodies just stick to flu viruses, for example,
and stop them from infecting cells. In general, however, antibody
responses are not strong enough to kill cancer cells. For that
kind of job, the immune system needs to stimulate a group of
cells called T cells. There are two main types of T cells in the
body. Scientists often distinguish between different kinds by referring
to various distinctive proteins, termed receptors—such as
CD4 or CD8—that sit on their outer membranes. The kinds of T
cells that are especially good at directly destroying malignant
cells—assuming they can be induced to recognize the cancer
cells as dangerous—display CD8 receptors. (These T cells are
called CD8+ cells because the CD8 receptor is present.)



Despite these complexities, creating a cancer vaccine is not a
new idea. In the waning years of the 19th century, long before anyone
had ever heard of a CD8+ cell, William B. Coley started injecting
cancer patients with a substance that came to be called Coley’s
toxin. An orthopedic surgeon at what is now Memorial Sloan-Kettering
Cancer Center in New York City, Coley was intrigued by reports
of cancer patients who apparently had been cured of their
disease after a brief bout with a life-threatening infection. In an
attempt to simulate the infection without risking its potentially
deadly consequences, Coley prepared a solution that mixed two
strains of deadly bacteria. He gently heated the preparation so
that the bacteria were killed and rendered harmless. Enough of
the bacterial proteins remained in the brew, however, that the patients’
bodies responded by generating very high fevers.



Coley hypothesized that high fevers could jump-start his patients’
moribund immune systems into recognizing and attacking
the abnormal growths within their bodies. He extended the length
of his patients’ artificial fevers with daily injections of increasingly
concentrated dead bacteria. Remarkably, long-term survival
was greater among the cancer patients who received the toxin
than among those who had not. Coley argued, with some justification,
that his toxin had served as a kind of vaccine against cancer.



By the 1950s, however, physicians started getting more consistent
results with chemotherapy. As Coley’s bacterial toxins fell
out of favor, the whole notion of creating vaccines to treat cancer
ground to a halt.



But study of the immune system and its possible role in cancer
did not stand still. Gradually researchers developed evidence to
support the idea, first suggested by Paul Ehrlich in 1909, that the
immune system continually surveys and destroys newly arisen
cancer cells. This so-called immune surveillance theory gained
further credibility in the 1980s, when investigators calculated that
the high level of spontaneous mutation in human cells that they
were observing should have resulted in many more malignant
growths than were indeed detected. Somehow the body was regularly
finding and destroying numerous cancerous cells on its own.



Even after the occasional tumor managed to avoid eradication,
the evidence suggested, the immune system kept fighting—
just not as effectively. Pathologists had long noted that tumors
were frequently infiltrated by immune cells, giving rise to the
concept that tumors were “wounds that would not heal.” In addition,
further experiments showed that as a tumor grows, it releases
more and more substances that actively suppress T cells. The
question now became how to design cancer vaccines that would
tip the balance in favor of T cells able to eradicate the tumor.



An answer began to emerge in 2002, when a team of scientists
at the National Cancer Institute (NCI) showed that another
immune T cell, known as a CD4+ cell, was a critical component
of an effective anticancer response. CD4+ cells are sort of like
the generals of the immune system: they give the orders about
who and what to attack to the foot soldiers—which, in this scenario,
are the CD8+ cells—that do the actual killing. The NCI
team, led by Steven Rosenberg, took T cells out of 13 advanced
melanoma patients whose tumors had metastasized, or spread,
throughout their body. The researchers selectively activated the
removed immune cells to target and attack the melanoma cells
in a test tube. Then the scientists grew the activated cells in
large amounts and infused them back into the patient. The NCI
team’s approach, referred to as adoptive immunotherapy, is, in
effect, a kind of self-transplantation of immune cells (altered artificially
outside the body) and, as such, differs from vaccination,
which causes the immune system to generate its own targeted
immune cells inside the body.



Previous adoptive immunotherapy treatments using just
CD8+ cells had shown no benefit. But when the NCI team added
CD4+ cells to the mix, the results were remarkable. Tumors
shrank dramatically in six subjects, and blood tests from two of
the six showed that they were still making powerful anticancer
immune cells on their own more than nine months after the
treatment had ended. For the most part, patients experienced
temporary flu-like symptoms as a result of the treatment, although
four of them also suffered a complex autoimmune reaction
that led to the loss of pigment from parts of their skin.



The NCI results offered a convincing proof of concept: an immune
response based on T cells could, in fact, be boosted precisely
enough to destroy tumors. The number of cloned immune
cells needed per patient in this experiment was staggering: more
than 70 billion CD8+ cells and CD4+ cells—or several hundred
milliliters in volume. But at least the scientific community now
believed that immunotherapy against cancer could work. The
next steps were to figure out how to obtain the same result in a
simpler fashion—that is, without having to remove cells from the
body, grow them in great numbers and reinfuse them later. In
other words, it should be possible to make the body grow most of
the additional cells it needed on its own—which is exactly what it
does in response to an effective vaccine.



Multiple Strategies



My colleagues and I at Antigen Express were gratified when
Rosenberg’s group showed that a cancer vaccine would have to
elicit both CD4+ and CD8+ cells to be effective. We had previously
argued the same point based on animal studies and had
essentially staked the future of our company on that belief.



Basically, there are three elements to making a cancer vaccine.
The first is to decide precisely what molecular feature, or
antigen, in a malignant tumor the immune system should recognize
as foreign and target for killing. The second is to decide how
to deliver a triggering agent (or vaccine) to the immune system
that ramps it up to attack cancer cells. And the third is to decide
which cancer patients to treat and when during the course of
their disease to administer the vaccine.



Over the past several years researchers in the biotech industry
have considered a wide range of proteins, as well as pieces of
proteins (called peptides), as the potential starting points for
driving an immune response robust enough to kill cancer cells.
(Other possibilities for priming the pump include using bits of
genetic material that encode cancer proteins or even whole cancer
cells after they have been irradiated.) It turns out that the genetic
alterations that allow cancer cells to grow uncontrollably
also cause them to make some proteins in much higher amounts
than are found anywhere else in the body. About 10 companies,
including our own, have selected various examples of these peptides
to fulfill the first two requirements for making a cancer vaccine:
the starting point and the delivery mechanism.



Part of what makes peptide vaccines particularly attractive is
that these bits of protein are small in size, inexpensive to synthesize
and very easy to manipulate, which means that they can be
readily formulated into a vaccine that is simple to manufacture
in large amounts. Furthermore, since the peptides that have
been identified show up in many people with different types of
cancer, they can be used in formulations that would help many
people without doctors having to compose individual vaccines
for each person, which they have to do with cell-based immunotherapies.
Finally, all the peptide vaccines tested so far produce
relatively mild side effects, such as temporary irritation at the injection
site and perhaps a fever or other flulike symptom.



Ten years ago scientists at Antigen Express made a few key
modifications to a peptide that had been used in an experimental
vaccine against breast cancer. Known as HER2, this particular
protein is also the target of Herceptin, a monoclonal antibody
treatment against certain types of breast cancer. Our researchers
found that adding just four more amino acids to the peptide dramatically
increased its ability to stimulate CD4+ cells, as well as
CD8+ cells, against breast cancer cells that make the HER2 protein.
This finding was the innovation on which we bet the company’s
future. Preliminary data published earlier this year from
an independent study that compared our HER2-enhanced vaccine
against two other peptide vaccines designed to stimulate
only CD8+ cells suggests that we are on the right track.



Some companies, such as Dendreon, makers of the newly
FDA-approved Provenge, placed their bets differently. Dendreon
and some other companies are providing targets specific for cancer
cells directly to an immune cell known as a dendritic cell.
Scattered throughout the body, particularly in tissues that come
into contact with the outside world (such as the skin or the lining
of the digestive tract), dendritic cells act like the immune system’s
sentinels and are among the first defenders to alert the T
cells that something is wrong. Because immune cells take orders
only from other immune cells that are genetically identical to
them, however, the necessary dendritic cells must be harvested
from each individual patient, loaded with the cancer-specific
protein and then reinfused back into the patient—all at a cost of
about $93,000 for a full course of treatment. Side effects include
chills, fever, headache and, less commonly, stroke. But a short-term
clinical study proved that people with advanced prostate
cancer who were treated with Provenge lived, on average, at least
four months longer than their untreated counterparts.








The Long March	



Boosting the immune system’s cancer-fighting ability has taken decades of research.



1890s

William B. Coley stimulates the immune
systems of cancer patients by injecting
them with mixtures of dead bacteria.

1909

Paul Ehrlich suggests that the
immune system may suppress
tumor development.

1975

Monoclonal antibodies are created,
allowing development of highly
specific immunological tools

1980

Researchers insert
a gene that codes
for interferon into
bacteria, allowing
the immune-stimulating
molecule to
be mass-produced
for the first time.

1986

The Food and Drug Administration okays interferon,
the first proved immunotherapy against cancer,
for the treatment of hairy cell leukemia.

1997

The FDA approves
the first monoclonal
antibody treatment
against
cancer, with the
brand name Rituxan,
for non-Hodgkin’s
lymphoma.

1998

The FDA approves the monoclonal
antibody Herceptin for the treatment
of metastatic breast cancer.

2002

Researchers at the National Cancer
Institute prove that a T cell–based
treatment against cancer is possible
and requires the contribution of two
kinds of immune cell: CD8+ T cells
(gold, seen at left attacking cancer
cell) and CD4+ T cells.

2010

The FDA approves Provenge, the first vaccine
meant to elicit an attack on an existing
tumor, for advanced prostate cancer.










Next Steps



The FDA's approval of Dendreon’s Provenge plus promising preliminary
data from clinical trials conducted by various companies,
including our own, suggests that we are entering a new era
in the development of cancer vaccines. As scientists venture further
in this promising new endeavor, however, we are discovering
that we cannot use the same yardsticks for measuring progress
against cancer with immunotherapy as we do for chemotherapy
or radiation. The latter two show their benefits rather
quickly—within a few weeks the tumors either shrink in size,
which is good, or they do not, which is bad. But data from several
clinical trials suggest that it may take up to a year after treatment
with a cancer vaccine for the immune system to really start
making substantial progress against tumor growth.



This lag time is not entirely surprising, because the immune
system needs a good deal of coaxing to attack cells that look awfully
similar to normal cells in the body, as opposed to a bacterium
or virus. Breaking tolerance—or the immune system’s reluctance
to attack cells that have arisen from the host—is perhaps
the biggest obstacle in generating effective therapeutic vaccines
to fight cancer. Another surprise is that tumors may actually appear
to grow in size after treatment with cancer vaccines. Analysis
of tumor tissue, however, shows that this increase can be the
result of invading immune cells, not of tumor cell replication.



The deliberate pace with which the immune system so far
seems to respond to the therapeutic cancer vaccines being developed,
however, suggests two important intermediate conclusions.
One, individual cancer vaccines will probably be most effective
in the near term in people at earlier stages of their disease,
when their tumors are not big enough to depress their immune
system and they have enough time to wait for a more powerful
immune response to kick in. Two, people with advanced disease
probably will usually need to have their tumors shrunk through
conventional treatment before they can benefit from receiving a
cancer vaccine. Starting with a small tumor or shrinking existing
ones are important because large, long-lived tumors are just that
much better than smaller, younger ones at suppressing or evading
the immune system. They have more cells that can release
greater amounts and types of immune-suppressing chemicals.
Late-stage cancer patients may simply have too much cancer
present for even a healthy immune system to dispatch.



In spite of these obstacles and complexities, the signs are clear:
a patient’s own immune system can be effectively enlisted to help
combat cancer. This realization has given tremendous encouragement
to investigators in academia and industry who have persevered
in the face of so many failures. Previous clinical trials that
had been written off as failures are being reexamined to see if perhaps
evidence of immune-related responses may have been overlooked.
Indeed, one such trial of a potential prostate cancer vaccine
(Prostvac) showed that while the compound failed to meet its
original predetermined end point—lack of tumor growth—it
boosted overall survival. Of course, this discovery came after the
small biotech company that developed Prostvac had already gone
out of business for having failed to meet the primary end point of
the trial. Fortunately, another company secured the rights to develop
the drug.



As for the survivors in the industry, we have been conditioned
by years of frustrating results to look beyond setbacks and not to
make too many promises. But the evidence from the research
and clinical trials over the past couple of years leads a growing
number of investigators to believe that therapeutic cancer vaccines
will take a prominent role alongside surgery, chemotherapy
and radiation over the next decade as an effective treatment
for some of the most common cancers that plague humanity.
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The Cancer Defense

by Karen Weintraub




If Michelle Boyer had received her diagnosis
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 genetically
altered to fight her malignancy more aggressively. The treatment,
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 regular
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
past 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 chemicals
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 treatment
for some cancers.



In clinical trials of a new immunotherapy for a highly aggressive
form of leukemia, 90  percent of patients underwent a complete
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. Immunotherapy,
says Gary Gilliland, president and director of the
Fred Hutchinson Cancer Research Center in Seattle, “is truly paradigm
shifting in our approach to treating cancer.” 



These are, admittedly, still early days. Increasing life expectancy
to a few years for some cancers still means that patients
die of the disease. So scientists continue to experiment with different
ways to unleash and boost the immune response, including
vaccines, viruses, genetically engineered cells and pills. 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 immune system dates
back at least 125 years to William Coley of New York City, a physician
who injected some of his cancer patients with bacteria in
an effort to jump-start their body’s natural healing powers. Coley’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 replaced
by advances in chemotherapy and later hormone and antibody
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 enhanced
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 antibodies
against bacteria and viruses. (B  cells also help to coordinate
various other immune responses, along with another
group of cells called T cells.) 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 protein
(CD20) found on the surface of these cells at a specific, late
stage of their existence. Dubbed rituximab, this so-called monoclonal
antibody signaled the T  cells to do something they do not
usually do: attack and destroy these older, CD20-bearing B cell	



The problem was that CD20 is not a cancer-specific marker.
It appears on normal B cells as well as dangerous ones. So the
drug killed both healthy and cancerous B cells. It turns out,
however, that most people can live without B cells. (The same is
not true of T cells, as the death of millions of people infected
with the T cell–targeting AIDS virus tragically demonstrates.)
And after the drug wore off, most patients eventually started
making B cells on their own again from the stockpile of stem
cells in their bone marrow. Clinical trials in the 1990s demonstrated
that the combination of chemotherapy and rituximab
was particularly effective against B cell–based cancers.



Koehler’s leukemia originated with
mutated B cells, but rituximab made her
very sick and seemed only partially effective,
so she stopped taking it. In addition,
tests indicated her cancer would resist
standard chemotherapy. Because her malignancy
was rapidly getting worse, her
doctors suggested an experimental immune
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 rituximab
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 direct
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 characteristics
of both T cells 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 general
use sometime next year.



The CD19-targeting CAR-T cells multiplied
so quickly inside Koehler’s body that
the single bag of modified cells that she received
on February 10, 2015, knocked out
all her B cells. Unlike other patients, however,
her body seems 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 antibodies,
called gamma globulin, to help
protect her against infection. The infusions
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 chemo’s
nausea—a storm called cytokine release
syndrome. This reaction occurs
when many more T cells than usual are
activated at once—triggering a flood of
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 terrible
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 unresponsive.
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. Koehler 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 marrow
test showed no evidence of cancer, and three weeks after
that she was back on the golf course with her husband. The cytokine
storm was terrible, but unlike chemo, the effects subsided
within a few weeks and did not cause her to lose her hair. Fortunately,
given that cytokine storms are fairly common with
CAR-T cell treatments, physicians have begun
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 extraordinarily
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 process;
he believes these are mainly engineering
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, prostate,
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 liquid tumor
cells are relatively easy to locate. Even
more crucial, whereas CAR-Ts can eliminate
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 surrounded
by a matrix of connective and
other tissues, which blocks cells from entering
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, ipilimumab
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 malformed
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 tumor
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
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 needed
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 unblock.
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
Boyer and patients like her have to keep experimenting with different
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 tumors that appear
to attract few T cells still respond to checkpoint inhibitors, whereas
the drugs sometimes have no effect on other tumors that contain
lots of T cells—suggesting the cancer is playing other tricks.



That has made picking an effective solid tumor treatment
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 signals
that help to boost the immune system’s ability to fight cancer.
At first the drug seemed to stop the growth of Boyer’s tumors,
but after three months, scans showed that the cancer was
on the move again.



Boyer opted for a second clinical trial, this time pairing the
recently approved checkpoint inhibitor ipilimumab with still another
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 cancerous
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 appeared
on her head and in her breast.



Surgery dispatched the lump in her breast, and two other immune-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 entered
a clinical trial, which combined yet another checkpoint inhibitor
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 herself
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 finding 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.
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LOOKING AHEAD



Because Boyer and other patients are living long enough to feel
some contentment, Genentech’s Mellman is excited. For immunotherapy,
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 limitations and figure out how to get
around them,” Mellman says, but “this is an incredibly 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 tumor
might first have the tumor biopsied to look for the presence
of T cells. If enough T cells were in the tumor, the person would
likely be given a single checkpoint inhibitor or maybe several inhibitors.
(At present, the FDA has approved three checkpoint inhibitors,
but more than a dozen others are under development.)
If the tumor has not already attracted many T cells, 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 immune
response. Killing a number of tumor cells with lower doses
of chemotherapy or radiation should release lots of cellular
debris from the tumor, thereby alerting the immune system to
send T cells 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 immune
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 challenge:
price. Combining therapies raises the cost of what are already
quite expensive treatments. The global market for oncology
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 improvements,
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 husband.
“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 opportunities
to enjoy a new lease on life.








A VACCINE FOR CANCER?	



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 look
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 self-proteins that serve as identifying
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 attacked. 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 proteins
that are unique to the malignancies by scouring genome
sequences of a patient’s normal tissue and a tumor to identify proteins
exclusive to the cancer. Then we study which cancer-specific
proteins spark a strong response from immune molecules charged
with directing the body’s response to foreign substances, called
major histocompatibility complex proteins, or MHCs. Using that
information, we can create personalized vaccines that include
MHC-containing dendritic cells from the patient that will grab
the cancer proteins and present them to the immune system.
That stimulus helps to generate antitumor T cell responses and
marks cancer cells bearing those specific proteins for destruction.



Last year we tried this approach with three melanoma
patients. As we wrote in Science, we found seven cancer-specific
proteins that would bind to each patient’s MHC molecules.
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.



A year 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 vaccine production
time. Eventually we would like to use these vaccines to complement other cancer immunotherapies.
Ultimately, we hope, vaccines will give patients a better shot against cancer.	



- By Beatriz M. Carreno and Elaine R. Mardis











GERM WARFARE



Why do some patients respond well to the
new cancer immunotherapies 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 various
parts of the body.



These bacterial communities,
particularly the ones found in the
intestines, can differ in their constituent
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
cells into becoming cancerous or
mistakenly trains immune cells to
attack healthy tissue in the joints, as
in rheumatoid arthritis.



Sometimes bacteria might be
able to trigger a therapeutic
response. Our group, based at the University
of Chicago, studied genetically identical
strains of mice that had different microbiomes
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 stronger
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, feeding
the mice just one strain—either
Bifidobacterium longum or Bifidobacterium
breve—was sufficient to boost
the immune system and slow down
tumor growth in recipient
mice. The presence of these
beneficial bacterial strains
even determined how well
one new immunotherapy
drug, a so-called checkpoint
inhibitor,
worked. The tumors disappeared
entirely in mice that
were treated with the checkpoint inhibitor
and whose microbiome included the Bifidobacterium species; mice lacking Bifidobacterium,
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 bacterial
genus, Bacteroides, allowed the treated
animals to eliminate injected tumors. Giving
the animals an antibiotic that killed these
microbes rendered the anticancer drug ineffective—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. 


Obviously 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 Bifidobacterium 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. 


- By Maria-Luisa Alegre and Thomas F. Gajewski











--Originally published: Scientific American 314(4); 42-51 (April 2016).






	
	    
Cancer's Off Switch

by Jedd D. Wolchok




In June 2004 I was asked 
to examine a 22-year-old woman who had just graduated
from college and was engaged to be married. During the
months leading up to her graduation, Shirley (not her real
name) had been plagued by a nagging cough. Eventually a
computed tomographic (CT) scan revealed multiple masses
in and around her lungs. A biopsy indicated metastatic
melanoma that had spread from a skin cancer Shirley did
not know she had. She immediately began chemotherapy
treatments timed around a hastily rescheduled wedding.



Unfortunately, two rounds of chemotherapy and radiation
treatments to her brain over the next two years slowed but could
not stop the tumors’ spread. Shirley was running out of options. I
told her about a new study in which an innovative medicine
designed to supercharge a patient’s own immune system against
cancer was being tested.



It was a randomized trial, meaning not every participant
would get the new medicine, at the time known as MDX-010,
but Shirley agreed to participate. After four treatments, a new
set of CT scans showed that every trace of melanoma had disappeared.
To this day, Shirley remains in complete remission;
she has two beautiful, healthy children and, in her own words,
has “gotten her life back.”



For me, as a cancer specialist and a researcher, seeing Shirley’s
transformation validated many years of hope that scientists
could develop powerful cancer therapies that would work by setting
the body’s own immune system against malignancies. Optimism
grew throughout the medical community last year as we
learned about similar successes with this and other immunotherapy
treatments in patients with advanced leukemia and kidney
and lung cancers. Although immunotherapy is by no means
a panacea, the recent advances may allow us to make significantly
more progress against the later stages of cancer than we have
been able to achieve in recent decades.



Multilayered Defenses



The notion that the immune system could control cancer is not
new. Attempts to harness host defenses against malignancy date
back over 100 years to when William Coley, a
surgeon at New York Cancer Hospital (now
Memorial Sloan Kettering Cancer Center), tried
using heat-killed bacteria for this purpose. After
noticing that some patients seemed to live longer
if they developed an infection after their
cancer surgery, Coley hypothesized that the intrinsic defense system that had been mobilized
against the pathogen could also affect the tumor.



During the ensuing decades, basic scientists
have revealed much about the cells that make up this protective
system, as well as the chemical mediators and molecular switches
that precisely control it. In that time, they have learned how the
immune system rapidly mobilizes to detect potentially dangerous
infectious pathogens such as bacteria or viruses. Just as important,
researchers have detailed the many checks and balances that
usually signal the immune system to limit its response so that it
does not wind up destroying too much normal tissue in the process.
All told, they have gained detailed insights into how the immune system reacts to, and is affected by, cancer.



The first layer of defense against pathogens consists of a general
response against bacteria and viruses that is coordinated by
white blood cells known as neutrophils and monocytes. These
cells belong to what is called the innate immune system, and
their function is to recognize certain aspects of molecular anatomy
common to all bacteria or viruses—such as parts of their
outer coating or quirks in the structure of their DNA and RNA
molecules that differ from what is found in higher organisms.
Although these white blood cells do not target specific species
or proteins for attack, they nonetheless manage to destroy many
of the microbiological invaders and, as a result, generate molecular
fragments, referred to as antigens, that other players of the
immune system perceive as foreign.



Cells responsible for the second layer of defenses, called the
adaptive immune system, take these antigens as the starting
point for a much more precisely targeted response that, if successful,
will create a living memory of the microbial invaders so
that they can be more easily defeated in the future. Two different
types of cells—T cells and B cells—lie at the heart of this adaptive
response. There are various types of T cells, but all descend from
precursors that emerge from the thymus gland, a small organ
that sits just on top of the heart in the center of the chest. B cells,
for their part, are originally derived from the bone marrow and
give rise to antibody molecules. Antibodies and certain molecules
on T cells home in on specific antigens, thereby allowing
the immune system to target and destroy bacteria and infected
cells that display these antigens on their surface.



When the immune system is working optimally, both its general
and adaptive branches cooperate to identify and rid the
body of dangerous pathogens. In addition, a subset of T cells retains
a long-term molecular memory of the original threat so
that it can be neutralized more quickly at a future date if it is encountered
once again.



Cancers are not infections, of course. They arise when the
body’s own cells undergo certain genetic and other changes.
Even so, the immune system ought to be able to recognize malignant
cells because they display abnormal molecular fragments,
which should look foreign to T and B cells. For various reasons,
however, the immune system often fails to fight cancers effectively.
Through the years, efforts to pump up the response have
met with mixed results. The recent, more consistently successful
approaches take a different tack. It turns out that cancers sometimes
co-opt the usual shutoff switches of the immune system
and actively dampen immune responses to malignancies. The
new approaches attempt to disable those brakes.



Checks and Balances



The experimental medication that saved Shirley’s life fits into the
new paradigm. It grew out of research into a protein called
CTLA-4, which is present in many kinds of T cells but jumps into
action only after certain T cells recognize their target and receive
a “go” signal from other molecules. When activated, CTLA-4 and
a number of other proteins work like a series of molecular brakes
or checkpoints that prevent the immune system from becoming
overly destructive.



The necessity of these checkpoints can be seen in animals
deficient in them. Mice that have been genetically engineered so
that they lack the CTLA-4 protein die within three to four weeks
of age. With nothing to stop the escalation of the immune response,
activated T cells infiltrate all the normal organs in the
body, causing their complete destruction. This finding, published
in 1995, showed that the permanent lack of this single
molecule could cause a devastating autoimmune reaction.



That same year, James Allison, then working at the University
of California, Berkeley, hypothesized that if the CTLA-4 molecular
brake could be temporarily disabled, the immune system would
be able to launch a more vigorous attack on cancer cells, resulting
in the shrinkage of tumors. Allison and his colleagues set out to
test that hypothesis in mice by delivering a synthetically developed
antibody that obstructs CTLA-4 activity.



Sure enough, blocking CTLA-4 resulted in the regression of
several types of tumors—including colon cancer and sarcoma—
that had been transplanted into the laboratory animals. In other
experiments, melanoma tumors shrank considerably when mice
were treated with the CTLA-4-blocking antibody and an experimental
vaccine, made from altered melanoma
cells, that was designed to incite an immune
attack specifically against that cancer.



The next step was to try this approach,
technically referred to as immunologic checkpoint
blockade, in people. Allison turned to
the biotechnology company Medarex, which
developed a fully human version of a CTLA-4-blocking antibody (originally called MDX-010 and now known as ipilimumab),
and began
clinical trials in patients who had very
advanced
cancers that had not responded to
other therapies. Medarex was later bought by
Bristol-Myers Squibb, which further developed
the drug and won regulatory approval for it in 2011.



Starting with the first experiment and continuing with subsequent
ones, some patients experienced profound tumor regressions.
But before they did, early tests of whether the treatment
was working gave curious results. Investigators soon learned
that when it comes to immunotherapy, the usual ways of assessing
whether a cancer treatment is working could be misleading.






[image: ]


Jen Christiansen.









Success Rates



Oncologists can usually tell fairly quickly how well a patient is
responding to standard anticancer treatments. We use various
imaging techniques—CT, positron-emission tomography or magnetic
resonance imaging to measure the size of a tumor immediately
before starting treatment and then again about six weeks
later. If the malignant growth is appreciably smaller, we can decide
to continue treatment because we know it is having an effect,
consider a different approach or stop treatment altogether.



Making such decisions about immunotherapy is not quite as
straightforward. For starters, we have to allow more time for the
immune system to become activated, so we generally do not take a
second measurement of the tumor’s size until 12 weeks after treatment
has begun. Even considering the additional six weeks of
observation and treatment, however, the results of the CTLA-4-blocking
experiments were perplexing. Some patients had scans
that were clearly better, whereas others showed enlargement of
preexisting tumors and even the appearance of new growths. Yet
some of the patients with bigger tumors actually felt better.



We now see two plausible explanations for why tumors grow
after immunotherapy: the treatment is not working, or a large
number of T cells and other immune cells have begun flooding
the malignant growth. In other words, bigger tumors might, paradoxically,
mean that the treatment is actually working; we just
have to wait a little longer for the growths to shrink. Given how
difficult it can be to measure progress during immunotherapy,
researchers testing ipilimumab now use the simple and important
assessment of overall survival (how long patients live) as the
most appropriate end point for their analyses.



Results of the latest clinical studies show that just over 20
percent of patients with metastatic melanoma who are treated
with ipilimumab demonstrate long-term control of their disease,
remaining alive for more than three years since beginning treatment.
This is an important fact to note because before the development
of modern medicines such as ipilimumab, median life
expectancy for metastatic melanoma was seven to eight months.
Indeed, some of the earliest recipients, like Shirley, are alive
more than five years after treatment.



Meanwhile research has progressed on a second immune system–
braking molecule called PD-1, which dots the surface of
many T cells. When bound by certain other molecules, PD-1 compels
the cells on which it is found to destroy themselves—a normal
process that, as with the closely related CTLA-4 protein,
helps to bring an ongoing immune reaction to a safe stop. Some
tumor cells, however, have evolved to defend themselves by covering
their surface with molecules that trick the PD-1 proteins on
T cells into starting the self-destruct sequence too soon. As a
result, any T cell that attacks a cancer cell receives a signal to
destroy itself instead. This striking example is one of the many
ways that tumors can render the immune system ineffective.



Half a dozen companies—Bristol-Myers Squibb, CureTech,
EMD Serono, Genentech, Merck and MedImmune—have now
developed antibodies that block various tumors from inducing
PD-1-mediated suicide in T cells. In recent trials, these experimental
compounds have shown long periods of remissions, some
lasting years, in more than 30 percent of patients with advanced
melanoma. Several of my colleagues at Memorial Sloan Kettering
and collaborators at many other centers have tried these PD-1-blocking
agents in patients with a type of lung cancer. More than
20 percent of participants had durable regressions.



The lung cancer results, which were reported in June 2012,
proved to be a turning point for the field of immunotherapy. No
longer can skeptical clinicians dismiss the approach as likely to
be viable for only a few specific kinds of tumors, such as melanoma
and kidney cancer, that have previously been shown to be
particularly sensitive to immune treatments. Immunotherapy
now appears to work for a broader range of cancers as well. Odds
are that this approach will soon join chemotherapy and radiation
as a standard treatment for many kinds of tumors.



As with most cancer treatments, these immunotherapies trigger
some side effects. Patients receiving anti-CTLA-4 medication,
for example, may suffer inflammatory reactions in the skin and
large intestine that are caused when immune cells release an
overabundance of excitatory chemicals. The resulting rashes and
painful bouts of cramps and diarrhea are typically controlled
with immunosuppressing steroids such as prednisone. Patients
who are given PD-1-blocking therapy may also experience these
flare-ups—particularly in the kidneys, lungs and liver—but they
are generally less frequent and usually of lower severity compared
with those of a CTLA-4 blockade. Fortunately, the use of
anti-inflammatory drugs does not seem to dampen the therapeutic
effect of either drug on tumors.



Inflammation can lead to greater problems. For a long time,
researchers worried that the excitatory cascade could lead to
full-blown autoimmune reactions, in which the immune system
cannot be stopped from targeting ever larger amounts of normal
tissue for destruction. Unlike a true autoimmune disease, however,
these inflammatory side effects appear to be transient and
do not recur after they are initially treated.



Because antibodies against PD-1 and CTLA-4 seem to boost
the immune response to tumors in different ways, it makes sense
to investigate whether concurrent treatment with the drugs can
be safe and effective. In 2007 experiments on lab animals with
colon cancer and melanoma showed that the combination of
CTLA-4 and PD-1 blockade was more effective than using either
agent alone. Therefore, in 2010 my group, working together with
Mario Sznol of Yale University, decided to undertake a small safety
study of ipilimumab and the PD-1-blocking drug nivolumab in
53 patients with metastatic melanoma.



The results, which we reported at a medical conference last
year, were impressive. More than 50 percent of patients treated
with what we considered to be optimal doses of the antibodies
showed tumors shrinking by more than half their original size.
These responses appear to be dramatically different from those
seen with either agent by itself. Side effects were more common
than with each medicine alone but were controllable, as before,
with corticosteroids. It is important to note that these are early
results in a modestly sized study and may not appear as favorable
in a larger or longer trial. We are currently conducting a
more extensive study of a combined blockade with ipilimumab
and nivolumab in more than 900 melanoma patients.



Other researchers are investigating this combined immunotherapy
for treating lung cancer, kidney cancer, gastric cancer,
breast cancer, head and neck cancer, and pancreatic cancer. It is
also possible that the addition of direct attacks on the tumor—
with chemotherapy or radiation—may render immunotherapy
even more effective if the cancer cells die in a way that triggers the
innate branch of the immune system. The result could be a perfect
therapeutic “storm” of killing tumor cells and allowing the debris
to be recognized more avidly by the immune system. Such a combination
should also allow the formation of memory T cells that
will maintain an enhanced vigilance against further cancer
growth long after treatment has stopped. Whether this kind of
immunotherapy could or should be combined for potentially
greater effect with some of the other types of immunotherapy now
being developed—such as cancer vaccines—remains to be seen.



All in all, I believe it is finally time to start thinking realistically
about long-term remissions, even cures, because we can now
combine standard therapies that target the tumor with immunotherapies
that boost a patient’s own defenses.	






--Originally published: Scientific American 310(5); 40-45 (May 2014).






	
	    
Cancer Immunotherapy: The Cutting Edge Gets Sharper

by Christine Gorman




Artificially boosting the body's immune response against cancer is the most exciting advance in the treatment of tumors in the past couple of years. But as the jam-packed sessions at a recent scientific conference in New York City made clear, a lot of questions remain to be answered before anyone can declare victory in the war on cancer. Among them: What is the best way to kick the immune system into action? Will immunotherapy work for all sorts of people with all kinds of cancer or just for a lucky few? Is there a way to make the treatments less dangerous or expensive?



It was standing room only for many of the presentations at the first International Cancer Immunotherapy Conference, which took place from September 16 to 19 in 2015.* Speaker after speaker started their talks by disclosing financial ties to a variety of companies ranging from pharmaceutical giants to their own start-ups. The audience consisted primarily of scientists and physicians. But sprinkled among the 1,400 attendees, in addition to the usual smattering of journalists, were a number of industry scouts and finance people seeking to glean the next big investment opportunity or joint project possibility.



Jill O'Donnell-Tormey, chief executive officer of the Cancer Research Institute, proclaimed 2015 "a truly special year for cancer immunotherapy." The U.S. Food and Drug Administration approved two new immunotherapy drugs, she noted, "more than half of the current cancer clinical trials include some form of immunotherapy," several groups are working on possible combination therapies and oncologists around the world are recognizing "a paradigm shift in cancer." But as exciting as these advances are, she continued, "we know that we are only at the beginning" in terms of being able to understand or broadly use them.



Reality Check



The first thing you need to know about the researchers studying immunotherapy for cancer is that every one of them seemingly has a few patients who have responded extraordinarily well. Steven Rosenberg of the National Cancer Institute no doubt takes the prize in this category. In 1984, he treated a woman named Linda Taylor who had metastatic melanoma (an aggressive type of skin cancer with a survival rate of less than 10 percent after ten years). Taylor was the 81st patient to undergo the debilitating therapy and the first to respond successfully. Within a few months her tumors melted away and she remains alive and healthy today. Rosenberg—the keynote speaker at the conference—reports that his latest regimen is not as hard on patients and results in 20 percent of them experiencing "a complete and durable remission." That's about par for a lot of the immune therapies now being studied.



The second thing you need to know is that there is a reason why the body works so hard to suppress its immune reactions most of the time. The immune system has such powerful weapons in its arsenal that it can kill you faster than whatever ails you. And some of the things that doctors do to prepare the body for immune treatment are just as toxic as chemotherapy and radiation. (Indeed, for complex reasons, some immunotherapies require a dose of chemotherapy or radiation as a first step.) As Rosenberg says, "We have had some treatment-related deaths. That's been true in the field as well as in our own experience."



With those sobering caveats in mind, however, there is no mistaking the growing optimism among many cancer researchers. They are starting to figure out when it's more important to take the brakes off the body's immune responses, when to step on the accelerator to get a sluggish reaction into high gear—and when they can safely do both. As investigators study different combinations of treatments and dosages, they can see improvements in response rates and believe they are getting a better handle on some of the most severe side effects.



Hot and Cold Tumors



Investigators have developed several different methods for tweaking a patient's immune system so that it recognizes and attacks dangerous tumors more effectively than it otherwise would. Some of these therapies feature so-called monoclonal antibodies that interfere with cancer cells' ability to fool the immune system into ignoring them. Known as checkpoint blockade, these treatments so far appear to work best in melanoma and smoking-induced lung cancer.



There are good biological reasons for that observation. Melanoma and smoker's lung cancer both occur as a result of environmental exposure—the former from the sun’s ultraviolet rays, the latter from carcinogens in tobacco smoke. As a result, lots of mutations occur in the DNA of affected cells. These mutations in turn lead to the production of many aberrant proteins, which are usually recognized by the immune system as potentially dangerous, and any cells that contain them are quickly marked for destruction.



Researchers refer to these malignancies as "hot" tumors because they sport a lot of deviant proteins that the immune system is likely to notice. They need a long time to figure out how to shield themselves from the immune system—which is part of the reason it typically takes decades for melanomas and lung cancers to grow big enough to threaten someone's life.



In these cases the immune system has already dispatched lots of immune cells to the tumor; it's just that the cancer manages to turn the defenders off whenever they arrive. Checkpoint blockade reawakens the immune cells that have already found their way inside the tumor to start killing the malignant cells in the immediate vicinity and anywhere else they may be found in the body.



Intriguingly, combining checkpoint blockade drugs results in fewer extreme side effects for patients with melanoma than for those with lung cancer. "This is something that is very recently being recognized—maybe in the past two years," says Jedd Wolchok, an oncologist at Memorial Sloan Kettering Cancer Center in New York City. "The same doses of the same medicine may not be tolerated equally in patients who have different cancers. We may have to use less medicine in patients with lung cancer. [Immunotherapy] is not one size fits all."



In any event, many kinds of cancer (such as prostate, ovarian and pancreatic) are caused by just a handful of genetic mutations. They do not create the wide range of malfunctioning proteins that would usually attract the immune system's attention. As a result, these tumors are not typically filled with lots of slumbering immune cells waiting to be reawakened; checkpoint blockade, therefore, usually doesn't work on them. They are, in the parlance of cancer immunologists, "cold" tumors.



And yet, several investigators reported on efforts to turn such cold tumors hot so they could then be targeted with immunotherapy. Padmanee Sharma, an immunologist at The University of Texas M. D. Anderson Cancer Center, for example, described a study in which men with apparently aggressive prostate cancer were given hormone treatment prior to surgery in order to first kill a few of their cancer cells before their tumor is removed. Once these cells die, the various proteins and other compounds that are usually found inside them spill into the body. Somehow, this makes it easier for the immune system to pay attention and it starts sending immune cells to tackle whatever microscopic bits of tumor might be left elsewhere in the body after the operation. Unfortunately, as Sharma told the audience, their subsequent response to immune-boosting drugs was short-lived. She and her colleagues are pursuing several different ideas, however, to make it last longer.



Finding the Right Balance



Indeed, the idea that you don't have to kill all the cancer cells in a tumor to get the immune system going sparked a lot of interest at the conference. Ira Mellman, Genentech’s vice president of cancer immunology, wondered aloud whether "chemotherapy may in fact be, to some extent, immunotherapy." By killing a few cells, it may prime the immune system to respond better to later treatments. In some cases the release of cancer proteins jump-starts the immune response. In others a chemotherapy drug such as gemcitabine actually releases the brakes by temporarily eliminating the cells whose normal job is to tamp down the immune system.



Stanford University oncologist Ron Levy has taken this concept one step further by using low-dose radiation treatment to kill a few malignant cells in 15 patients with non-Hodgkin's lymphoma who had several visible tumors. Then he injected an experimental immunostimulatory compound directly into a single lesion in each of these patients. By doing so, he found he could lower the amount of drug he needed to trigger a reaction. Acting on a single tumor—which doesn't require as much medicine as trying to reach all the tumors in the body—was sufficient to trigger a general immune response.



Most of the patients in Levy's study exhibited some kind of response; even tumors that had not been treated started to shrink in a few people. Generally speaking, it took six months to two years to see the changes. One 38-year-old man experienced a complete response, meaning all observable signs of the cancer disappeared throughout the body—an outcome that lasted more than a year. (A "complete response" is not necessarily the same thing as a cure because undetectable amounts of cancer might still be lurking somewhere in the body.) "We're trying to make this response more common and more durable," Levy said. His next step is to try to combine this method for stimulating the immune system with monoclonal antibodies that prevent tumors from shutting the immune system down (given at 1/20th of the usual dose). "We hope to eliminate toxicity by going local and lowering the effective dose," he told meeting participants. Although Levy has started treating at least one person with this newer combo approach, he was not yet ready to share results.



Investigators presented several other promising immunotherapies at the conference but no roundup would be complete without mentioning the so-called CAR T cells, many of which have received orphan drug or  "breakthrough status" by the FDA in the past 18 months.



CAR T cells are immune cells that have been genetically engineered to target tumors in a much more powerful way than normal immune cells can. To date, clinical trials conducted at Memorial Sloan Kettering, the Fred Hutchinson Cancer Research Center and the University of Pennsylvania Perelman School of Medicine have demonstrated remission rates of about 90 percent in several advanced cancers of the blood and lymph systems (again, not necessarily the same as a cure but still astounding).



"There are 300 kinds of cancer at least and they're each going to have different issues," says Carl June of the University of Pennsylvania. But, he adds, "I think we have enough tools that we can plot a course." Stay tuned.



*Four professional associations combined forces to conduct the meeting: the Cancer Research Institute, the Association for Cancer Immunotherapy (CIMT), the European Academy of Tumor Immunology and the American Association for Cancer Research.







--Originally published: Scientific American Online, October 1, 2015.







	
	    
Cancer Drugs Hit their Mark

by Dina Fine Maron




Cancer plays a deadly game of hide-and-seek
in the body, and the drugs sent to treat it are often the losers—
as is the cancer patient. The drugs have trouble distinguishing
between tumor cells and healthy ones and may drop
their payload on the normal cells, causing miserable side effects
and leaving nearby cancer cells untouched. Malignancies may
also get a helping hand from the body’s own leading defense
weapon, the immune system. It often mistakes anticancer
drugs for harmful bacteria or other foreign invaders and breaks
them down. The shattered pieces are conveyed to the body’s
trash receptacles in the liver, kidneys and spleen, again, before
they reach their intended target. Even when the drugs do manage
to arrive at a tumor, many of them become entangled in the
dense undergrowth of the malignant mass—unable to penetrate
it completely.



Recent advances in nanomedicine are now allowing drugs
to better traverse this fraught landscape and hit tumors where
they live. The key is a uniquely crafted drug vehicle, wrapped in
a protective outer shell, that shuttles the chemotherapy drugs
through the body. Fine-grained control over the components
from which the vehicles are built, which can be just a few billionths
of a meter across, has let scientists create a specialized
architecture that, among other things, does not trip immune
system alarms. Researchers such as Kazunori Kataoka of the
University of Tokyo and his colleagues have tucked potent chemotherapy
drugs inside sheaths the size of a hepatitis C virus—
some 200 times as small as a red blood cell. On a molecular level,
those drugs look a lot more like something the body makes.
These compounds also have the advantage of being able to slip
into tumors and steer clear of healthy cells.



Several versions of nanodrug vehicles from Kataoka’s team,
each holding different medications and aimed at different types
of tumors, are now wending their way
through the final stages of clinical trials
in Asia. Drugs in these new carriers
have slowed or reversed disease progression
in people with breast or pancreatic
cancer. Still another nanoparticle
is in the second stage of clinical
trials in the U.S. “With science like
this, the initial stages take time, but I
believe the field is starting to show
promise,” Kataoka says. “The development
speed will be much faster in the
coming five years.”



DRUGS IN DISGUISE



Employing nanotechnology for chemotherapy
drugs is not a
brand-new idea. Medications such as Abraxane
for metastatic
breast cancer and Eligard for advanced prostate cancer, which
are already on the market, are nanodrugs. But these pharmaceuticals
attack only certain tumors, so more therapies are needed.
Subsequent advances
in engineering have allowed scientists to
tweak the structure of nanocarriers so they work against a wider
array of cancers with even greater precision. The nanotherapies
now being tested—administered via an intravenous injection—
seem to be more effective at eliminating tumors.



Most of these newer nanomedicines encase a drug-containing
core in a soft sheath dotted with polyethylene glycol, a synthetic
material that acts as a cloaking agent. That cloak is a covering
of water molecules, which are attracted by the sheath
material and thus surround it with a common body liquid. Water
helps to block electrical charges from the particle that
would otherwise alert the immune system to the presence of
a foreign substance.



The liquid buffer also covers the nanoparticle’s edges, making
it too smooth to provide purchase for any passing sentries from
the immune system, such as antibodies. The size of the nanoparticle—
somewhat larger than a traditional chemotherapy drug—also
helps to ensure that it is not broken down too quickly by the body’s
enzymes. That resistance to degradation gives the drug more time
to reach a tumor and do its job. For example, the first approved
nanotherapy for cancer, called Doxil, has a half-life in the bloodstream
that allows it to survive much longer than its conventional
chemotherapy cousin, doxorubicin. (Both drugs are used to treat
ovarian cancer.) With its design and protective coating, the nanoscale
version is better poised to get to tumors without being
destroyed by the body. The soft, flexible texture of the newest
nano shell-type drugs also allows them to skip through one of
their final obstacles: the dense, irregular ecosystem of the malignant
tissue that could snag something more rigid.



The final weapon of the new nanoparticles lies within their
inner depths. The drug-containing core can be broken down by
acid, so it will readily disintegrate and shed its drug cargo only
after it leaves the neutral environment of the blood and arrives
at its tumor destination, which has much higher acid levels.



To better steer the nanocarriers toward
cancers and away from healthy cells, other
scientists are trying to dot their exteriors
with selected antibody molecules that are
attracted to proteins that are particularly
abundant on cancer cells. Proteins such as
EGFR are one such example, and University
of California, Los Angeles, bioengineer Dean
Ho has done preliminary experiments, published
in Advanced Materials in 2013, showing
that nanoparticles can be layered with
antibodies that link to those proteins.



Nanoparticles can also be built to serve as
actual medicines, not just the delivery vehicles.
Scientists at Northwestern University
created nanoparticles made from bits of gold
and laced with genetic material—RNA—selected for its ability to silence cancer-causing
genes. Because of the particles’ small size
and other yet to be determined factors, gold
nanoparticles studded with RNA can penetrate
one of the hardest places to reach with
a drug: the brain. In October 2013 researchers
reported that, in animals, the nanoparticles
can cross the blood-brain barrier—a
tight mesh of small blood vessels—to help
combat brain tumors. The approach caused
overall tumor size to shrink in rodents, but
ultimately the creatures still died from the
cancer, says researcher Alexander Stegh of
Northwestern. Exactly how this technique
managed to clear the blood-brain barrier is
still being explored, he notes. It is possible
that the particles’ structure binds to receptor
molecules on the surfaces of blood vessel
cells, and the receptors help to pull them in.



Still other types of nanoparticles made from nucleic acids are
being studied as probes to detect cancer cells that circulate
through human blood. Chad A. Mirkin, a
Northwestern chemist leading the project, says the research may
lead to nanoparticles that carry both diagnostic chemicals and
medicine—a formidable package that could eliminate hard-to-find cancerous cells before they spread to new places in the body.
Devising that kind of tiny powerhouse would be no small feat.








A Flare for Cancer

Diagnostic spheres of DNA seek out and tag malignant cells




Cancer travels. Large tumors shed cells that move through the body and seed
new malignancies. Now scientists are tinkering on the nanoscale to build unusual
spheres made of DNA—a molecule that became famous as another shape, the
double helix—that can find, tag and potentially kill off these tumor cells.



The spheres look a bit like toothpicks stuck in a small Styrofoam ball. The toothpicks
are really a dense crowd of single DNA strands jutting out from a central core.
The strands are chosen for their ability to bind to complementary DNA in cancer
cells. When a bond happens, it displaces tiny light-emitting molecules stuck to the
tips of the DNA in the sphere, essentially sending up a flare that indicates the presence
of cancer. The brighter the flare, the more cancer DNA that is present, says
Chad A. Mirkin, a chemist and director of the International Institute for Nanotechnology
at Northwestern University, who has spearheaded the research.



These encounters occur in a sample of a patient’s blood. When the spheres run
into a cell, they move through pores in the cell membrane into the interior. Because
spheres have more surface area than other shapes, the DNA that forms that outer
rim has a much higher chance of encountering and latching on to cancer DNA
than isolated strands would. Spherical nucleic acids “bind to other nucleic acids
100 times more strongly,” Mirkin says.



Mirkin’s spheres, also called Nanoflares, are already being used by hospitals for
rapid cancer diagnosis. Other systems fish out dead tumor cells based on proteins
on their outer surfaces, but because these spheres identify live cells, Mirkin says,
scientists could test how the cells respond to different drugs and eventually develop
personalized treatments based on the results. 



—Joshua A. Krisch










--Originally published: Scientific American 312(4); 44-46 (April 2015).






	
	    
Virus Therapy for Cancer

by Douglas J. Mahoney, David F. Stojdl and Gordon Laird




In 1904 a woman in Italy confronted
two life-threatening events: first,
diagnosis with cancer of the
uterine cervix, then a dog bite.
Doctors delivered the rabies
vaccine for the bite, and subsequently
her “enormously large”
tumor disappeared (“il tumore non esisteva
più”). The woman lived cancer-free
until 1912. Soon thereafter several other
Italian patients with cervical cancer also
received the vaccine—a live rabies virus
that had been weakened. As reported by
Nicola De Pace in 1910, tumors in some
patients shrank, presumably because the
virus somehow killed the cancer. All eventually
relapsed and died, however.



Even though the patients perished, the notion of treating cancer
with viruses able to kill malignant cells—now termed oncolytic
virotherapy—was born. And investigators had some success
in laboratory animals. Yet for a long time only partial responses
and rare cures in human trials ensured that the field stayed at
the fringes of cancer research. Viral therapy for cancer faced several
additional hurdles: uncertainty about its mechanisms and
how to use viruses to achieve cures, a dearth of tools with which
to engineer more effective viral strains and the habitual reluctance
of physicians to infect patients with pathogens. Doctors
elected to use poisons (chemotherapy) instead of microbes–mostly because they were more comfortable with those drugs
and understood them better.



The story is very different today. Starting in the 1990s, researchers armed with a richer understanding of cancer and viruses
and with tools for manipulating genes began to uncover the details
of how viruses attack cancer cells. Investigators also started devising
ways to genetically alter viruses to enhance their cancer-killing
prowess and to prevent them from causing unwanted effects.



That work is beginning to pay off. One oncolytic virus was
approved in China for head and neck cancer in 2005, and nearly
a dozen are now in various stages of human testing in a wide
variety of cancers. Recent results from the virus furthest along
in testing give researchers hope that the U.S. Food and Drug
Ad ministration will approve one or more viruses as cancer
therapies within a couple of years.



In particular, findings presented at the annual meeting of the
American Society of Clinical Oncology in June 2013 showed that
11 percent of patients in a large trial of virotherapy against advanced metastatic melanoma (a skin cancer) had a “complete
response”—showed no sign of the cancer—after treatment. The
medicine, named T-VEC, consists of a version of the herpes simplex
virus genetically altered to hit cancer with a double whammy-both to destroy cancer cells directly and to produce a protein
(GM-CSF) meant to spur the immune system to also attack the
cancer. In contrast to the side effects of many cancer therapies,
the worst ones the virus caused in the study were flulike symptoms
such as fatigue, chills and fever. Amgen, which makes the
drug, released data on overall survival in November 2013 and the
spring of 2014. Patients taking T-VEC gained four months over
those taking GM-CSF alone.



The survival data may seem disappointing. Yet investigators
are heartened that one in 10 patients had a complete response.
The complete response rates achieved by T-VEC surpassed those
of all recently approved drugs for metastatic melanoma, including
a drug called vemurafenib, which was approved in 2011 to
treat that cancer after a study reported in the New England Journal
of Medicine determined that all signs of cancer disappeared
in a much smaller ratio of patients—less than 1 percent.



Most encouraging, in the case of T-VEC, is a 2009 report
showing that close to 90 percent of patients who responded to
the therapy were alive more than three years later. A New Jersey
woman named Sue Bohlin, for example, had no luck with standard
treatments for her melanoma, and the cancer continued to
spread, so she enrolled in a clinical trial of T-VEC. Three years
after treatment with the drug, the now 61-year-old Bohlin remains cancer-free. “I’m one of the lucky ones,” she says. “It’s been
a wonder drug for me.”



The goal, of course, is to make Bohlin’s experience the norm
so that more than 11 percent of patients see their cancer disappear.
Some of the viruses in clinical trials could well do that.
Meanwhile researchers, including two of us (Stojdl and Mahoney),
continue to explore ways to make virotherapy more effective
for more people.



Programmable Biological Machines



Viruses offer a number of features that are appealing for cancer
therapy, and scientists are trying to enhance several of them to
improve their potency and safety. For one, certain viruses-either on their own or with some prodding—will selectively infect
cancer cells while ignoring normal cells or will grow well
only in cancer cells, leaving healthy cells relatively unscathed.
Such selectivity is important for minimizing side effects, which
are mainly caused by damage to normal tissues.



Once inside a cancer cell, viruses can be powerful killing machines.
No virus can reproduce on its own, but if it finds the right
conditions in a cell, it can hijack that cell’s gene-copying and protein-
making machinery to make new copies of itself. If all goes
well in the case of cancer treatment, a virus will generate an army
of clones that charge out of the infected tumor cell to seek and
infect neighboring or even distant cancer cells. At times, the escaping
viruses literally blow apart an infected cell as they exit—a
process known as cell lysis—hence the name “oncolytic” virotherapy.
In other cases, the viruses kill more stealthily, subtly programming
a tumor cell to initiate a self-destruct sequence, called
cell suicide, or apoptosis. In essence, viruses delivered as a drug
convert infected cells into factories within the body that churn
out more and more drug, then close for business.



Another advantageous component of virotherapy is its multipronged
approach to attacking a cancer. Many cancer drugs interfere
with only one aspect of cell functioning, a common drawback
because malignant cells often eventually find ways of
compensating for the effect. Also, cancers are really an ecosystem
of cells that all descend from one deranged ancestral cell but now
possess different genetic and other aberrations—so a drug that
works on some cells may not work on others. These are two reasons
why cancers become resistant to treatment, allowing tumors
to rebound and kill patients. For such reasons, physicians often
attack cancer from multiple angles with more than one kind of
treatment, much as doctors treat patients with HIV today. Virotherapy,
by itself, is more akin to combination than single therapy
because viruses disrupt many processes in the cell at once so that
the cell is less likely to become resistant.



Beyond directly destroying tumor cells, when a virus infects a
cell, it elicits several “bystander” mechanisms that can kill cancer
cells that have resisted infection, including so-called vascular collapse. Whereas oncolytic viruses are predominantly
selective for tumor cells, some strains also infect
tumor blood vessels. This secondary infection, in turn, attracts
immune cells that damage the blood vessels, choking off blood
flow to the tumor. Another important mechanism involves the
rapid recruitment of immune cells to the tumor to fight off the
initial infection. This immune response has long been viewed as a
major impediment to successful virotherapy; after all, a prompt,
strong attack should, in theory, erase virus-infected cells before
the microorganisms have a chance to reach many cells. In fact,
early efforts focused on keeping the immune system at bay to give
the virus time to infiltrate the tumor.



Yet more recent work has shown that these immune cells
sometimes get redirected toward the cancer itself and are, in
many cases, critical for therapeutic success. Although we do not
know the full details of how, when and why this switchover occurs,
we do know that the process of infecting and killing tumor
cells generates cellular debris that induces the production of
small immune-stimulating molecules called cytokines and also
activates the immune system’s dendritic cells. Dendritic cells
normally survey the body for any entities not native to the body
and alert the immune system’s T cells to mount a response
against the apparent invader. In this case, the dendritic cells are
thought to treat tumor components as “foreign” and to awaken
the immune system to the fact that there is a tumor growing.



In addition to all these potential benefits, viruses can be programmed
to behave in ways that natural viruses would not: they
can be genetically altered to, for instance, decrease their ability to
reproduce in healthy cells and increase their selective replication
in cancer cells. The virus’s genome can also be revised to give the
viruses other cancer-fighting traits, such as the T-VEC virus’s ability
to pump up the body’s immune attack against a tumor.
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Superviruses



Researchers are exploiting all this knowledge to enhance virotherapy
in several ways, some of which are being tested in clinical
trials now under way. One approach aims to engineer viruses
to home in on certain molecules known as receptors that occur
in greater quantities on cancer cells than on normal cells. Attachment
to these receptors helps viruses to enter cells. This
engineering should therefore help ensure that much more virus
is taken up by cancer cells than by their healthy cousins.



A second, more advanced approach aims to enhance the tendency
of viruses to replicate best in cancer cells. Because malignant
cells replicate constantly, they generate a great deal of raw
material. Viruses need these raw materials as well, and so they
will often proliferate, or grow, better in a malignant cell than in
other cells they manage to enter. Knowing of this proclivity, scientists
have engineered viruses that are hyperresponsive to the
raw materials present in excessive amounts in tumor cells. For
example, they can genetically alter a virus so that it cannot direct
the production of thymidine, a building block of DNA. Without
this ability, the virus is forced to find an outside source of thymidine,
and tumor cells have plenty. Normal cells do not offer
enough thymidine for the virus to replicate. This approach is in
early and midstage clinical testing.



John Bell’s group at the Ottawa Hospital Research Institute
(in which Stojdl was a postdoctoral researcher) and Glen Barber’s
group at the University of Miami have identified another
reason that viruses can thrive in cancer cells: as cells undergo
genetic and other changes that push them toward malignancy,
they often lose some of their defenses against microbial attack,
such as the ability to produce an antiviral molecule called interferon.
These groups and others have taken advantage of this
weakness to design viruses, such as an engineered version of
vesicular stomatitis virus (VSV), that will not grow in any cell
except tumors with defects in their antiviral defenses. One of
these VSVs is being evaluated in patients with liver cancer.



To us and many of our colleagues, the greatest gains are going
to come if we can enhance the ability of viruses to elicit immune
responses against tumors. In the T-VEC trials, investigators found
that the virus did not reach every metastatic cancer cell that had
spread away from the primary tumor. Even so, 11 percent of patients
experienced a complete response—no sign of cancer anywhere
in the body—presumably because the engineered virus
stimulated the immune system to seek out and destroy cells that
the virus did not reach. In support of this possibility, the researchers
found activated T cells at sites of metastases.



In another immunity-related strategy, pioneered by our colleagues
at McMaster University in Ontario and the Mayo Clinic in
Rochester, Minn., Stojdl is engineering into therapeutic viruses
genes that encode molecules called tumor antigens that can elicit
an immune response when present on tumor cells (for example,
melanoma-associated antigen, or MAGE). In treated animals, the
antigens are displayed to the immune system, prompting it to
home in on and kill cancer cells at the same time that the oncolytic
virus both kills cancer cells directly and changes the tumor
microenvironment in a way that awakens other antitumor immune
responses. Human studies are expected to start this year.



The idea of revving up the immune system is promising. But
we have learned an important lesson from decades of immunotherapy
research: tumors have evolved many ways to evade immune
attack, and co-treating patients with other agents that relieve
the immune suppression within the tumor may also be
needed. It does not matter how much we boost the immune system
if the tumor is highly adept at tamping down the response.



With colleagues at the University of Calgary, one of us
(Mahoney) is trying to shut down the immune-suppressing
cells that are known to lurk within tumors at the same time as
patients receive oncolytic viruses. With those cells under wraps,
the immune system activated by the virus should be able to
escape suppression and thus fight cancers more effectively. By
targeting the suppressor cells, we are taking advantage of decades
of work by other researchers who have been designing
molecules able to target and shut down immunosuppression;
such drugs, including monoclonal antibodies that latch onto a
molecule called PD-1, are among the most promising next-generation
cancer therapies. Almost certainly such combination
strategies, as well as deploying viruses together with traditional
approaches, will be the future of oncolytic virus therapy because
of their potential to help patients who do not respond to
stand-alone virus treatment.



As we consider combination treatments, however, we must
be careful. Although virotherapy has so far proved to be safe in
clinical trials—there have been very few serious adverse events
reported in patients, which contrasts sharply with most other
experimental cancer medicines—we cannot be sure how our
viruses will behave when combined with other, complementary
immunotherapy strategies or when we increase the dose. “Oncolytic
virotherapy has been very safe so far,” says our colleague
Stephen Russell, a professor of medicine at the Mayo Clinic. “But
as we work toward increasing its potency and broadening its
utility—particularly in the context of modulating host immunity-we run the risk of introducing toxicity, and we need to be
aware of that,” he cautions.



Harnessing the power of viruses to treat cancer has been a
long work in progress. As the result of decades of research into
molecular genetics, cancer biology, tumor immunology, immunotherapy,
virology and gene therapy, investigators finally have the
collective tool set and knowledge they need to exploit these interactions
between viruses and the body for cancer therapy. That
oncolytic virus therapy can work has been proved. The question
now is how to make it work for more patients and to finally realize
the promise of De Pace’s 100-year-old dream of putting viruses
to good use by saving the lives of people with cancer.






--Originally published: Scientific American 311(5); 54-59 (November 2014).
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Fruits and Veggies Don’t Help Much

by Katherine Harmon




Despite decades of entreaties from the World Health Organization (WHO) and mothers alike to eat more fruits and vegetables, a new study has found that these dietary additions appear to do little to decrease the overall likelihood of getting cancer. 



The recommendation that people eat at least five servings (about 400 grams) of fruits and veggies each day, espoused by the WHO since 1990, was based on studies that found a link between higher intakes of these foods and lower risks for cancer and other diseases. 



Since the 1990s, however, evidence from large studies has been mounting that the protective effects of these foods against cancer in particular might be modest—if it exists at all. (Other research has continued to show that diets high in fruits and vegetables are important for preventing conditions such as obesity and cardiovascular disease.) A new report, analyzing cancer incidence in 478,478 men and women ages 25 to 70 over more than eight years in 10 European countries, found "a very small inverse association between the intake of total fruits and vegetables and cancer risk," the researchers concluded. 



Among those who have had the highest relative benefit from high fruit and veggie intake were smokers and heavy drinkers. They actually had a lower risk of getting the types of cancers they are prone to, such as respiratory and digestive ones, although their risk was still greater than their non-smoking and non-heavy-drinking counterparts. And although the men in the study seemed to have the lowest risk if they ate both fruits and vegetables, women appeared to also decrease their risk even if they only ate large amounts of vegetables. The researchers caution, however, that because the decreases in cancer rates, while statistically significant, were so small, the results should be used carefully. 



About 6 percent of the people in the study were diagnosed with cancer during the follow-up period. The researchers concluded that if the results of the analysis can be broadly applied, upping daily fruit and vegetable consumption by about 150 grams (equivalent to about one cup of cherry tomatoes or 1.5 medium bananas), from most dietary levels, could prevent about 2.5 percent of all cancers in most populations. The results appeared online April 6 in the Journal of the National Cancer Institute. 



The results are in line with other findings both in the U.S. and abroad that suggest the protective effect of fruits and vegetables is "much smaller than had been believed 10 years ago," Harvard School of Public Health's Walter Willett, who wrote an editorial accompanying the study, noted in an e-mail to ScientificAmerican.com. People who eat more fresh fruits and vegetables are also more likely to make other healthful lifestyle choices, such as exercising more and drinking and smoking less, which the researchers noted "may have contributed to a lower cancer risk" overall. 



Counting Cancers



To obtain their large sample, the researchers analyzed data collected for the European Prospective Investigation into Cancer and Nutrition (EPIC) project. Although the study was conducted throughout Europe, where residents of countries such as Greece and Italy are thought to have healthier diets to begin with, the researchers say that results would probably be similar if the analysis had been done in the U.S. "There is no reason to expect a different effect in the U.S. vs. Europe for a comparable level of consumption," Paolo Boffetta, of the Mount Sinai School of Medicine in New York and lead researcher on the study, wrote in an e-mail to ScientificAmerican.com. Those in the study reported that they ate a median of 335 grams of fruits and vegetables each day. And if people in the U.S. ate fewer fruits and vegetables overall, he notes, "the magnitude of the effect would be seemingly lower." 



Large cancer risk studies have increasingly been designed as so-called prospective studies, like this one. In a prospective study, participants are followed over time (e.g. across five years), and baseline information is compared with later follow-ups. Much of the older research—including studies that found more of a protective effect of fruits and vegetables—was done using a case-control method, in which one group (the "cases") already has a condition and is polled about past behaviors and compared with a population that does not have the condition (the "controls"). Many researchers fault case-control work as being a weak method for showing direct causality, especially because it is subject to substantial recall bias. 



As Willett noted in his editorial, "This study strongly confirms the findings from other prospective studies that the results of case-control studies were overly optimistic and that any association of fruits and vegetables with risk of cancer is weak at best." 



One of the downsides of the new analysis, however, is that researchers only obtained dietary information at the start of the study, with cancer information being gathered through direct patient follow up or official records. This means that if individuals changed their diet much between 1992 and 2000—even if they started eating loads of fruits and vegetables the month after the study started—those changes are not reflected in the final analysis. Boffetta explains that this aspect of the study design could "be an explanation of the weak effect we found. If we had been able to measure properly changes in diet, the measured protective effect might have been stronger." 



Growing Fruit and Vegetable Consumption



Despite the modest cancer protection that fruit and vegetable consumption showed in this study, Boffetta is not convinced that these foods should be overlooked in the fight against cancer. Fruit and vegetable consumption earlier in life might play a role in establishing overall lifetime cancer risk, he notes. "Ideally, one would like to measure diet at different points in time: during adolescence, young adulthood, etc. This would allow a more valid estimate of the association between different dietary factors (not only fruits and vegetables) and cancer risk," he explains. Such long-term, detailed studies, however, are difficult to execute given the need for substantial follow-up times. 



Willett agrees that longer-term research is needed. "We know from other aspects of cancer epidemiology that many risk factors act most importantly during childhood and early adult life," he notes. "We are only beginning to explore these dimensions of the relation of diet to risk of cancers." 



Although the new study's findings cast yet more doubt on zealous claims that fruits and veggies can stave off cancer, experts reiterate the importance of the foods to help prevent other ills, such as cardiovascular disease. Boffetta does not think the study results should prompt any changes in daily fruit and vegetable intake suggestions, saying that, "recommendations should take all health aspects into account, not just cancer risk."







--Originally published: Scientific American Online, April 6, 2010.






	
	    
The FDA’s Sunscreen Regulations: Will They Help?

by Sophie Bushwick




Sunscreen labeling regulations were issued by the federal government in 2011 for the first time in more than 30 years. The U.S. Food and Drug Administration's (FDA) regulations attempted to ban sunscreen manufacturers from labeling their products with misleading information. Starting in 2012 — in 2013 for smaller companies — products that protect the skin from burning but not from long-term damage must indicate so on the bottle, and they cannot hint that they have greater durability and strength than they actually possess.



If labeling helps Americans protect their skin from sun exposure, it has the potential to reduce the rates of skin cancer in the U.S. Ultraviolet (UV) radiation bears responsibility for 90 percent of non-melanoma skin cancers, which will afflict one out of every five Americans, and 65 percent of melanoma cases, which kills about 8,700 people a year. But many questions remain regarding the extent to which the new labels will translate into real protection from skin cancer.



"My hope is the FDA regulations will make consumers choose sunscreens more wisely," says dermatologist Jeanine Downie, a spokesperson for the Skin Cancer Foundation.



Under these rules, only products that protect skin from both UVA and UVB sun rays can be marked "broad spectrum," and sunscreen that does not meet the broad spectrum requirements, or that has a sun protection factor (SPF) of less than 15, must carry a warning that the product does not diminish the risk of skin cancer or prevent premature skin aging.



Only products labeled "broad spectrum" protect the skin from long-term damage such as premature aging and the risk of skin cancer. Although both UVA and UVB (two types of ultraviolet radiation) can cause long-term damage, UVB rays are the main culprits when it comes to causing sunburn. Because a sunscreen's SPF only indicates its ability to protect the skin from sunburn, lotions that protect against UVB radiation alone can still earn a high SPF without providing proper protection against long-term effects from both types of radiation. By requiring that sunscreens be labeled "broad spectrum" only when they deflect both UVA and UVB, the FDA is helping consumers choose a product that will also protect their skin from long-term damage.



Most commercial sunscreens combine two types of ingredients: light-absorbing chemicals and physical blockers. "The best protection is using a chemical with a physical blocker at once," Downie says, rather than using a purely physical or purely chemical formula.



Physical blockers, usually metal oxides such as zinc oxide or titanium oxide, act like miniature mirrors, reflecting the sun's rays before they can reach the skin. Chemical blockers, on the other hand, do not scatter UV rays. Instead, they absorb light, and then release it in the form of heat, essentially converting it to a different type of energy. Types of organic components include octinoxate, which blocks UVB rays, and oxybenzone, which protects against UVB as well as some UVA radiation.



Both types of sunscreen ingredients have come under fire from at least two advocacy groups: Friends of the Earth takes issue with physical blockers when they are reduced to nanoparticle size in order to render sunscreens more transparent. Unlike larger flecks of metal oxide, they fear the nanoparticles might pass through the skin. What if these materials have different physical properties when reduced to nanoscale, or interact negatively with the other chemicals in the sunscreen?



The Environmental Working Group, on the other hand, accepts nanoparticles in non-powder, non-spray sunscreens, instead reserving its animus for certain chemical components such as oxybenzone. The body can absorb this ingredient through the skin, and the EWG claims that it has been linked to hormone disruption and sun-activated allergic reactions.



Although the FDA is reviewing the safety information for sunscreen ingredients as part of the regulations, the agency "does not have any reason to believe these products are not safe for consumer use," according to an FDA press release.



Downie agrees. "None of these products have proven to be toxic in humans at all," she says. "Sunscreen does more good than it does harm."



In addition to encouraging the manufacture of sunscreen that provides broad-spectrum protection, the FDA has banned exaggerated claims about sunscreens' strength and durability. Even broad-spectrum sunscreen with an SPF over 15 cannot be called "sunblock," because no lotion entirely blocks the sun's rays. Nor can sunscreen products be labeled as waterproof or sweatproof: There is no sunscreen that stays completely on the body when exposed to water. At the most, a product may be water- or sweat- resistant.



Not only do sunscreens come off the skin (particularly when exposed to water or toweled off) but their chemical components break down over time. To preserve the efficiency of sunscreens, the products should be stored in a cool, dry place and replaced every year. In addition, they should be reapplied at least every two hours or more frequently if exposed to water or rubbed off. Under the new regulations, water-resistant formulas must say on the label how long the product will protect skin before needing to be reapplied, either 40 or 80 minutes.



"Bottom line—we want clarity in the product, to make people put it on and reapply it," Downie says.



In addition, the FDA proposed a rule that would cap advertised SPF at "50 +", because the evidence that more expensive, higher-SPF products provide more skin protection is lacking. Many who wear high-SPF sunscreen spend more time in the sun and reapply less frequently than those whose sunscreen has a lower SPF. As a result, they end up with both sunburn and possibly long-term skin damage. In addition, many misunderstand the meaning of SPF.



If a very fair beachgoer burns after, say, 10 minutes of skin exposure, then a sunscreen of SPF 15 will extend her time in the sun by a factor of 15, allowing her 150 minutes of exposure before her skin burns—as long as she reapplies the lotion regularly to ensure that it doesn't degrade or rub off. Following the same application rules, SPF 30 sunscreen will give her 300 minutes, SPF 40 400 minutes and so on.



The tests used to assign values of SPF to various products, however, use more sunscreen than the average consumer. During testing, two milligrams of lotion are applied to every square centimeter of skin. In practice, most people use only one fifth to one half of that quantity, which means that their skin does not receive the full protection promised by the SPF number on the bottle.



For full SPF protection Downie recommends spreading at least two ounces (enough to fill a shot glass) of sunscreen on exposed surfaces, taking care to remember oft-neglected areas such as the back of the neck as well as the tops of ears and feet. But ultimately, the best protection is to stay out of the sun whenever possible.





--Originally published: Scientific American Online, June 27, 2011.






	
	    
A Healthy Lifestyle Reduces Women’s Breast Cancer Risk

by Katherine Harmon




Moderate exercise, little booze intake and holding down one's weight might be key strategies that reduce the odds of getting breast cancer—even if a woman's mother or sister has had the disease.



Data from 85,644 U.S. women, who were followed for an average of about five and a half years as part of the Women's Health Initiative Observational Study, confirms earlier evidence that healthy lifestyle choices can sometimes trump genes and environment when it comes to breast cancer. The results of the study were reported online October 12, 2012 in Breast Cancer Research.



These findings are important, says Robert Gramling, an associate professor of family medicine and community and preventive medicine at University of Rochester Medical Center and a co-author of the study, because "particularly with growing awareness of genomics, often those who have a family history of a disease that's quite scary start thinking, 'There's nothing I can do to prevent it,'" he noted. "We're beginning to find that's not the case." Breast cancer is responsible for the second-most cancer deaths in women (lung cancer takes the highest toll), killing some 40,170 U.S. women in 2009, according to the American Cancer Society (ACS). About 192,370 new U.S. cases are diagnosed each year.



The three lifestyle changes have each been correlated individually with reduced risk of breast cancer, but the study looked at them as a group. The researchers asked women if they engaged in at least 20 minutes of moderate to vigorous exercise at least five days a week, limited alcohol consumption to seven glasses a week, and maintained a body mass index of 18.5 to 24.9, all of which are similar to recommendations the ACS makes for reducing risk of the disease.



Gramling and his colleagues analyzed information from women, aged 50 to 79, who had not had breast cancer themselves and who also had no close relatives with early-onset breast malignancies (before age 45).



Regardless of whether subjects had a family history of late-onset breast cancer or not, "the amount of risk reduced is exactly the same," Gramling explains. As a measure of absolute risk, for both groups, making the healthy lifestyle choices eliminated about one case of the disease out of 1,000 each year, he notes.



"This was a very well done study," says Catherine Carpenter an associate professor of medicine and nursing at the David Geffen School of Medicine at the University of California, Los Angeles, who was not involved in the new research. "The surprising thing was that the protection wasn't stronger in the family history–positive women," Carpenter says.



By excluding women with a family history of early-onset (before the age of 45) breast cancer from the study, however, the assessment might have played down the role of genetics in many cases, Carpenter notes. Late-onset "breast cancers tend to be less likely to be genetically determined," she notes, thus leaving them more likely to be affected by lifestyle factors.



She also added that it would be useful to study whether combining these behaviors also reduces risk for women who have a family history of early-onset breast cancer.



Not all of the genetic influences are necessarily linked directly to so-called breast cancer genes. "One of the factors that is heritable and genetically determined is obesity and body mass index," Carpenter says. "Families could inherit the predisposition to being overweight and that's what causes breast cancer, not that they're carrying a gene that enhances genetic susceptibility to breast cancer."



Carpenter also notes that she is curious to know which of the three lifestyle factors had the strongest influence on preventing breast cancer, as the study does not make a distinction among the specific behaviors and malignancy risk.



"These are very well-known behaviors that influence breast cancer," Carpenter says. But as Gramling points out, of the healthy lifestyle recommendations, "not all the things are easy to do." Only about 7 percent of women in the study reported following all of the lifestyle guidelines all of the time.



Untangling cancer's roots can be a tricky business. As Carpenter explains, "These folks are more likely to have shared behavioral patterns in the family." And getting to the bottom of cancer risk "is the major focus of genetic epidemiology in 2010," Gramling says.



Next-step research will include more interventional studies looking at the influence of exercise and weight on a woman's breast cancer risk. The hope of the new and the continuing research is "to better characterize how combinations of exposures contribute to women's risk," Gramling says, "so you can advise a woman how she can prevent breast cancer for herself."







--Originally published: Scientific American Online, October 12, 2010.







	
	    
HPV-Positive Cancers Spreading among the Middle-Aged

by Katherine Harmon




Head and neck cancer patients were once primarily older heavy smokers and drinkers. Now, the majority who are diagnosed with the disease are closer to middle age (many ages 40 to 55) and developed it not from years of tobacco or alcohol use but rather because they engaged in oral sex.



This shift has been traced to an increase in the human papillomavirus (HPV), the sexually transmitted infection that also causes cervical cancer. And oropharyngeal cancers are not the only malignancies the virus is spurring on. HPV is now likely responsible for more than 14,000 new cases of noncervical cancer in the U.S. each year.



Despite efforts to immunize more girls against HPV with the Gardasil or Cervarix vaccines—and continued debate about recommending the vaccine for boys—experts expect that number of these virus-linked cancers to continue to grow. "Based on what we have seen, in the past 10 years or so we don't see that the numbers have started to plateau," says Anil Chaturvedi, an investigator in the Division of Cancer Epidemiology and Genetics at the National Cancer Institute. "They're still on the rise."



The virus is exceedingly common. In the U.S. at least half of those who are sexually active will get HPV at some point during their lives, and most carriers manifest no obvious symptoms, so people who are infected are usually unaware that they have it—and could be transmitting it to their partners.



Most infections, including some 90 to 95 percent of cervical HPV infections, seem to clear on their own within a couple years. But for people whose infection does not go away, they face a higher risk of cancer.



Clinicians currently have no standardized way to test for other types of HPV infection outside of the cervix, and the virus's progression to cancer remains somewhat of a mystery. "We know quite a lot about the natural history of the HPV infection of the cervix," says Maura Gillison, a professor of internal medicine and epidemiology at The Ohio State University Medical Center. But, for other sites, "there's very little information."



A New Anatomy of Infection



Cervical cancer is still by far the most common HPV-related cancer, causing about 10,800 new cases each year for 1998 to 2003. But a 2008 U.S. Centers for Disease Control and Prevention (CDC) assessment of the U.S.'s HPV-related cancer burden found that each year the virus also likely caused about:



•    7,400 cases (some 60 percent) of oral cavity and oropharynx cancer (5,700 in men; 1,700 in women)

•    3,000 cases of anal cancer (1,100 in men; 1,900 in women)

•    2,300 cases of vulvar cancer

•    800 cases (some 40 percent) of penile cancer

•    600 cases of vaginal cancer




During the course of the study period (1998 to 2003), the CDC found that the rates of HPV-associated oral cavity and oropharynx cancer steadily rose about 3 percent annually. Although these numbers might sound small, the change has not gone unnoticed by clinicians.



Greg Hartig, a surgeon and professor of otolaryngology at the University of Wisconsin–Madison, says that in the 15 years he has worked there he has seen a significant increase in the number of patients with HPV-positive cancers. Some 60 percent of oropharyngeal squamous cell cancers now show traces of HPV.



Many researchers estimate that HPV-positive cancer rates will continue to rise for at least the next decade or two. Why? Simple societal shifts: "This increase that we are seeing could be arising from changes in sexual behaviors that have occurred over time in the United States," Chaturvedi says. People seem to be having more types of sex with more people—and starting to do so at a younger age.



Localized Love



Several viruses, including hepatitis viruses and a herpesvirus, have been linked to cancers, but HPV is responsible for the highest number of virus-related malignancies. As a virus, however, it is highly unusual in that it can stick to a localized infection site, rather than spread throughout the body. "You can literally be at risk for cervical cancer and not at risk for oral cancer," Gillison explains.



This atypical infection pattern has meant specific sites in the body come under risk for cancer depending on an individual's sexual history. The virus can be spread through sexual contact and, some studies suggest, even kissing.



Thus, as Americans have expanded their sexual repertoire, as an October study from The Journal of Sexual Medicine highlighted, prevalence of HPV can sweep quickly through a population—especially one that is unprotected by a vaccine or consistent condom use.



With the increase in oropharyngeal cancer in particular, researchers have concluded that the disease stems from local infection acquired during sexual activity. "We think it's probably because of getting involved with oral sex at an earlier age than earlier generations," says Shanthi Marur, an assistant professor of oncology at Johns Hopkins Medicine's Upper Aerodigestive Cancer Program, who co-authored an August paper on the subject in The Lancet Oncology. Adults who are presenting with HPV-positive oral cancers likely contracted the virus in their teens and 20s, she notes.



Although heterosexual men seem to be at higher risk for HPV-positive oropharyngeal cancers (likely, researchers posit, because the virus tends to infect—and persist in—the genital area of female partners), men who have sex with men face an increased risk for HPV anal cancer. And for patients who have compromised immune systems, such as those with HIV or AIDS, "the risk of anal cancer is enormously high," Chaturvedi says.



And for anal, oral and other cancers, "we don't have a pap smear equivalent," Gillison says. So doctors are often left in the dark while a patient's infection turns cancerous and that cancer grows. For oral cancers, for example, she explains, "most of these cancers arise from deep within the tonsillar crypt," where visual detection is largely impossible until a sizable tumor has already formed.



Oral Mystery



Despite HPV's role in increasing the number of oropharyngeal cancers, it seems to produce tumors that are much easier to treat than HPV-negative malignancies.



"The HPV status of a patient's tumor is the biggest determining factor of whether they're going to live or die from that cancer," Gillison says. Two patients that present with otherwise identical tumors could have very different outcomes if one turns out to be HPV-positive. Someone with an HPV-negative tumor who was a heavy smoker has only about a 30 percent chance of being alive five years later, she explains. On the other hand, someone who has not smoked and presents with a tumor that turns out to be HPV-positive, "that person is expected to survive," Gillison says. In fact, she says, they have about a 95 percent chance of surviving the cancer for at least five years.



Researchers are still piecing together why the two forms of cancer have such different mortality rates, but Hartig suggests that it might have something to do with the degree of genetic mutations that have been detected in cancerous cells. "The genome of these cancer cells is less abnormal as compared to cancers caused by tobacco and alcohol, where there are even more mutations present," he says.



And the susceptibility of these HPV-positive cancers to standard radiation therapy has led many researchers and clinicians to wonder "if we can dial down treatment" for this set of patients, Marur says. A reduction in harsh radiation therapy could be a big deal for many HPV-positive oral cancer patients, especially as they tend to be much younger (often in their 40s and 50s) compared with the previous majority of patients whose malignancies are linked to smoking or alcohol consumption. "Perhaps we can do less [treatment] there and give our patients better quality of life," Hartig says.



Stopping the Spread



The advent of the HPV vaccine, originally developed to prevent cervical cancer, offers some promise for stemming the spread of other HPV-related cancers in the future. Most oropharyngeal cancers are caused by HPV subtype 16, which is included in the vaccine. Only about a quarter of U.S. girls, however, have received even one of the three shots in the vaccine course. And the CDC is still debating whether to recommend the vaccine for boys as well. (Gardasil is currently approved for boys, about 1 percent of whom have been vaccinated.)



The key to slowing the spread of the virus via vaccines, though, is to immunize individuals before they become sexually active. "Vaccination prior to sexual debut is definitely the best recommendation," Chaturvedi says. And that effort will likely take more education.



As more people and parents learn about the virus, how it can be spread, and its link to cancer, Gillison says, "that might open up a little bit more conversation" about sexual behaviors and getting vaccinated at an earlier age—before sexual interactions, or even kissing, start. But, as she has observed in her own practice, "most patients we talk to who have HPV-associated head and neck cancers had no idea what HPV was."



Whether the vaccine will actually work to quell cancer rates down the road, however, remains to be seen. Given current vaccination rates, Gillison says, she is not optimistic it will make much difference "even if the vaccine works." Many researchers will have their eye on other countries, such as Australia, which made the vaccine free to girls and women ages 12 to 26, and started a nationwide vaccination program in 2007. So if the next few decades bring a dip in HPV-positive cancer rates there, scientists will have good evidence that the vaccine is at least partially protective for those cancers.



In the meantime, diagnostic vigilance for these increasingly common cancers will be important in order to offer patients the best treatment options. Johns Hopkins's Marur suggests that many physicians could do for more education on the topic. "These patients present to their internists, their primary care physicians," she says. "And nobody thinks about cancer because they're so young."







--Originally published: Scientific American Online, November 2, 2010.







	
	    
Can We Truly “Cure” Cancer?

by Dina Fine Maron




In one well-known episode of The West Wing a line about an astronomical effort to “cure cancer” gets cut from the president’s State of the Union. In real life, however, someone wrote the speech that the fictional president Josiah Bartlet never got to give.



On January 12, 2016 Pres. Barack Obama laid out an aspirational plan in his final State of the Union to “cure cancer.” He did not put forth a specific time line for this effort or the metrics that would measure success but did say that he was putting Vice Pres. Joe Biden in charge of “mission control.” And already, the White House released information about several meetings that Biden held to get the ball rolling on the initiative.



Yet is such a goal truly achievable in the near future? Patients and doctors know all too well that cancer is not one disease and there is no singular cure for the complex group of disorders. Biden did help secure a $264-million cash infusion in the most recent government spending bill that will support cancer work at the National Cancer Institute, but the obstacles to attacking cancer effectively are more than just financial. “A cure is a long way off,” but the prospect for some specific cancers does look bright, says James Allison, chair of the Department of Immunology at The University of Texas M. D. Anderson Cancer Center in Houston. For his part, at least Allison was not surprised about the announcement last night, he says, because the vice president himself called him and other researchers within the past two months to talk about cancer research. And now, unlike even five years ago, a 10-year remission is realistic for cancers like melanoma, which seemingly were unbeatable.



These gains are largely thanks to historic breakthroughs in the past few years with a bevvy of methods to employ patients’ own immune systems, collectively known as immunotherapy. But still large obstacles remain when it comes to getting immunotherapy to work for many different types of tumors. Although some cancers—particularly those that are rife with mutations like lung cancer or melanoma—create more tangible targets on the surface of cells for the immune system to recognize and attack, other malignancies such as prostate and pancreatic cancers have proved more intransigent. As Scientific American reported in 2016, more than half of the current cancer clinical trials do incorporate some form of immunotherapy but still oncologists are often only in the early stages of understanding how to use such treatment on a larger scale. Even with the cancers that are further along in their immunotherapy responses, a “certain fraction of those kinds of tumors, I don’t know we’ll ever cure,” Allison says.



Monica Bertagnolli, chief of the Division of Surgical Oncology at Brigham and Women’s Hospital and chair of the Alliance for Clinical Trials in Oncology, a nationwide effort to test new therapies, says she was thrilled that the president used the word “cure” in his speech at all. “I don’t think any of us are naive and think there is some magic bullet sitting under our thumb that is going to miraculously turn into a cure, but that’s where we have to aim—to cure,” she says. “For that reason, I think it was perfect to use that terminology.” Like Allison, Bertagnolli believes cures will be difficult to achieve and questions if that will be possible for some cancers. But the next best thing, she says, is “making sure that it [cancer] doesn’t negatively impact a patient’s life” and laying out this aspirational goal may help provide the impetus to get there and beyond.



Still, even agreeing on the definition of “cure” remains controversial. Cancer is often talked about in terms of years in remission rather than cure because there is still the creeping concern that the cancer will one day resurface. But whereas some “old school surgeons” would see potentially suspicious dark scar tissue on a CT (computed tomography) scan and say you cannot say cancer is “cured,” Allison maintains if there is no real evidence that a person still has cancer and they have been in remission for 10 years, “for all intents and purposes it is cured.”



Clinicians’ recent gains against cancer are not just due to immunotherapies. The American Cancer Society’s recent annual report on cancer indicates that more than 1.7 million cancer deaths have been averted between 1991 and 2012 largely due to better preventative steps such as smoking cessation and screening for breast and colon cancers.



Despite the progress against cancer, however, it is still the number-two killer in the U.S. after heart disease. Although more people are living or living longer with cancer than in years past, that is still not truly curing cancer. Cancer will certainly remain part of the human condition but the question is how best to tamp it down when it does appear. One of the biggest challenges that remains is making sure therapies continue to work with patients in the long term and pinpointing if that means cancer therapies should be administered in combination or deployed in a specific order for certain patients. “Unfortunately, we see some patients don’t respond to these wonderfully new therapies and some patients that do respond initially eventually develop resistance to those therapies and so the tumor returns,” Bertagnolli says. “Obviously that’s in the way of curing cancer because we want a treatment that a patient will never develop resistance to.”



Indeed, the fight against cancer is a long one and the president only has one year left in office. In the 1970s Pres. Richard Nixon called for a “War on Cancer.” That effort, alongside its public relations campaign, fueled unrealistic expectations that cancer would be quickly extinguished. So what’s different here? For one thing, the base level of knowledge about cancers and their causes—and targets to combat them—is fundamentally different. “I hope people don’t think the cure is right around the corner but I do think there’s reason for optimism,” Allison says. “To use a Texas term, we finally have purchase on it.”







--Originally published: Scientific American Online, January 16, 2016.
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leukemia), RAS (many cancers),
B-RAF (skin cancers)

*Regulators of cell death:

BCL-3 (lymphoma)

e Controllers of cell division:
RB1 retinoblastoma)

¢ DNArepairers: HNPCC (colon cancer,
endometrial cancer)

* Promoters of programmed cell
suicide: p53 (lung, colon, breast and
brain tumors)

*The oncogenes HER2 and EGFR are
partofthe epidermal growth factor
receptor signaling pathway, which
contains atleast half adozen other
genes suspected of playingkey
rolesin cancer development
and progression
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Antigens stimulate this
cellto divide and produce
antibodies that neutralize invaders
ortag them forkilling.

TCELL

AkillerTcell destroys an
infected cellin which
itdetects the presence of
antigens. Other T cells—such as
helper andregulatory types—
coordinate theimmuneresponse.
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CANCER HIJACKS WOUND HEALING

Innate immunity responds to aninsult, such as a puncture wound, with a cellular and chemical

arsenal. Cancer biologists have recently begun to understand how chronicallyinflamed
premalignant tissue uses many of the same biochemical players to promote cancer development.
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Cells of the innate immune system, Od
including macrophages, neutrophils N\
and mast cells, converge on bacteria,
either consuming them or spraying 0 ']
them with toxins. Some of the innate U, Rlaciophees)
cells emit chemical signals (cytokines) y! ’
tocoordinate the defensive actions.
Meanwhile blood platelets and a
protein called fibrin forma clot. Blood vessel
WOUND HEALING RUN AMOK mecls

Chronicallyinflamed precancerous
tissue commandeers manyof the
same innate cells and signals
presentin the acute immune
response to help the tumor grow and
develop ablood supply. Ultimately
the tumor starts toinvade
surrounding tissue, the pointat
whichitbecomes fully malignant.
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MAST CELL

This cell releases histamine

and other chemicals that . \',:‘__
promote inflammation. ‘w.,y_/‘,"

GRANULOCYTE

Three celltypes with tiny

granulesin theirinterior— e
the neutrophil, m
eosinophiland = -
basophil—par-

ticipatein the a

inflammatory response.

DENDRITICCELL __fh,
Itpresents antigens— ' S L.\\
fragments of protein or other "
molecules from pathogens or )
cancer cells—to adaptiveimmune
cells, inducingthe cells to attack
bearers of the displayed antigens.

NATURAL KILLER

CELL

This cell destroys the body’s

own cells thathave become infected
with pathogens;italso goes after
cancer cells.
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CANCER TYPE (year cancer stem cells identified)
Acute myeloid leukemia (1994)

Acute lymphoblastic leukemia (1997)

Chronic myelogenous leukemia (1999)

Breast (2003)

Multiple myeloma (2003)
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Prostate (2005)
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Ovarian (2008)
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GENETICALLY ALTERED CELL

2 Tumor development begins when
some cell (orange) within a normal

population (beige) sustains a genet-

o mutation that increases its.
propensity to proliferate when it
‘would normally rest.

4 The affected cells becorme still more
‘abnormal in growth and appearance. If
the tumor has not yet broken through

any boundaries between tissues, it is

 called cancer. This tumor may

HYPERPLASIA

DYSPLASIA

2 The altered cell and its descendants
continue to look normal, but they re-
produce too much—a condition
termed hyperplasia. After years, one.
in amillion of these cells (pink) suf-

 fers another mutation that further
Ioosens controls on cell growth.

3 In addition to proliferating excessively, the off-
spring of this cell appear abnormal in shape and in
orientation; the tissue is now said to exhibit dys-
plasia. Once again, after a time, a rare mutation
that alters cell behavior occurs (purple).

INVASIVE CANCER

5 If the genetic changes allow the tu-
mor to begin invading underlying tis-
 sue and to shed cells into the blood

have becor Nihene:
gade cells are likely to establi

(\Krs (metastases) mmghom
body; these may become lethal by
disrupting a vital organ. 9
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ONCOGENES

Genes for growth factors or their receptors

PDGF Codes for platelet-derived growth factor. Involved in glioma
(abrain cancer)

erb-B Codes for the receptor for epidermal growth factor. Involved in
glioblastoma (a brain cancer) and breast cancer

erb-B2  Also called HER-2 or neu. Codes for a growth factor receptor. Involved
in breast, salivary gland and ovarian cancers

RET Codes for a growth factor receptor. Involved in thyroid cancer

Genes for cytoplasmic relays in stimulatory signaling pathways

Ki-ras Involved in lung, ovarian, colon and pancreatic cancers
N-ras Involved in leukemias

Genes for transcription factors that activate growth-promoting genes

c-myc Involved in leukemias and breast, stomach and lung cancers
N-myc Involved in neuroblastoma (a nerve cell cancer) and glioblastoma
L-myc Involved in lung cancer

Genes for other kinds of molecules

Bcl-2 Codes for a protein that normally blocks cell suicide. Involved
in follicular B cell lymphoma

Bcel-1 Also called PRAD1. Codes for cyclin D1, a stimulatory component of the
cell cycle clock. Involved in breast, head and neck cancers

MDM2 Codes for an antagonist of the p53 tumor suppressor protein. Involved
in sarcomas (connective tissue cancers) and other cancers
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TUMOR SUPPRESSOR GENES

Genes for proteins in the cytoplasm

APC Involved in colon and stomach cancers

DPC4 Codes for a relay molecule in a signaling pathway that inhibits
cell division. Involved in pancreatic cancer

NF-1 Codes for a protein that inhibits a stimulatory (Ras) protein. Involved
in neurofibroma and pheochromocytoma (cancers of the peripheral
nervous system) and myeloid leukemia

NF-2 Involved in meningioma and ependymoma (brain cancers) and
schwannoma (affecting the wrapping around peripheral nerves)

Genes for proteins in the nucleus

MTS1 Codes for the p16 protein, a braking component of the cell cycle clock.
Involved in a wide range of cancers

RB Codes for the pRB protein, a master brake of the cell cycle. Involved in
retinoblastoma and bone, bladder, small cell lung and breast cancer
p53 Codes for the p53 protein, which can halt cell division and induce
abnormal cells to kill themselves. Involved in a wide range of cancers
WT1 Involved in Wilms’ tumor of the kidney

Genes for proteins whose cellular location is not yet clear

BRCA1 Involved in breast and ovarian cancers
BRCA2  Involved in breast cancer
VHL Involved in renal cell cancer
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