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Breast cancer is the most commonly diag-
nosed malignancy among women and, 
after lung cancer, the second leading cause 

of cancer-related deaths in North America. Yet 
unlike the survival rate for individuals diag-
nosed with lung cancer, the rate for women diag-
nosed with breast cancer has been rising dra-
matically over the past decade—to the point 
where breast cancer could soon lose its ranking 
as the second-greatest cancer killer. Nothing 
would delight clinicians like us more.

This improvement in overall outlook for 
women diagnosed with breast cancer is attribut-
able in part to earlier detection, which results 
from greater awareness of, and access to, regu-
lar breast screening. But breast cancer patients 
are also benefiting from accelerated research 
that has led to a much better understanding of 
the disease and a wider variety of treatment 
choices that doctors can mix and match to tailor 
therapy for a particular patient. In just the past 
decade, it has even become possible to target 
drugs to specific molecules within tumors that 
help to drive the disease.

Breast cancer was, in fact, the first type of sol-
id-tumor cancer to be treated with this molecu-
lar-targeting therapeutic approach, when the 
drug trastuzumab (Herceptin) was approved in 
1998. The protein that trastuzumab was 
designed to attack, called HER2, promotes 
aggressive tumor growth. Before trastuzumab, 
diagnosis with a tumor that overproduces HER2 
was dreaded news for patients. Now it can be 
one of the tumor types with the best prognosis, 
because doctors have an increasing number of 
effective weapons against HER2.

The next decade promises to be an exciting 
and productive time in the field of molecular-
targeted cancer therapy: additional drugs cur-
rently being tested in people and animals are 
making it possible to go after an increasing vari-
ety of molecular tumor features that play a criti-
cal role in the initiation and survival of malig-
nancies and in the cancers’ progression to 
increasingly threatening stages. Along with 
improvements in older therapies and supportive 
care, this newer generation of drugs gives doc-
tors more options for customizing treatment to 
cope with a tumor’s particular suite of molecu-
lar characteristics and reflects our growing real-
ization that breast cancer is not a single disease. 

Evolving Treatment Approaches
Although the prospect of tailoring treatment to 
the molecular features of individual tumors is 
incredibly encouraging, prior advances are also 
contributing to the declining mortality rate for 
women diagnosed with breast cancer. Improved 
screening techniques, for instance, are definitely 
helping to catch and confirm more cases at an 
earlier stage, which is a boon, because breast 
cancer is highly curable if detected early. Newer 
imaging methods include digital mammography 
(which produces a clearer picture than screen-
film mammography), ultrasound and magnetic 
resonance imaging (MRI). Women at high risk 
of developing breast cancer because of family 
history or mutations in one of the BRCA genes 
are now offered annual MRI breast screening, 
although ultrasounds are usually reserved for 
following up on abnormal findings in a mammo-
gram or physical exam. 

KEY CONCEPTS
■   Breast cancer survival 

rates have been steadily 
climbing in North America 
and Europe, thanks to 
increased early detection 
and novel treatment 
options.

■   Many new treatments tar-
get specific molecules on 
tumor cells, allowing doc-
tors to tailor medication to 
an individual patient’s 
tumor profile.

■   Breast cancer was the first 
solid-tumor type for which 
molecular-targeted thera-
py became available, and 
the success of the 
approach promises further 
dramatic advances.

 —The Editors

medicine

The newest targeted therapies are helping doctors to tailor 
increasingly effective treatments to individual patients 

by Francisco J. EsTEva and GabriEl n. HorTobaGyi

Gaining Ground on  
Breast Cancer
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tional chemotherapy and radiation therapy. 
Using this sandwich approach over the past 
three decades, specialized teams of doctors, 
nurses and other health professionals have great-
ly enhanced the cure rate for these patients. Even 
those whose breast tumor has already metasta-
sized to other organs now have access to novel 
therapies that prolong their survival and to sup-
portive care that increases their quality of life.

Another mainstay of breast cancer treatment, 
at least for patients with tumors that are deter-
mined to be dependent on estrogen or progester-
one, is endocrine therapy. Indeed, hormonal 
manipulations to treat breast cancer date as far 
back as the 1890s, when doctors observed 
tumors regressing after they had removed the 
ovaries of premenopausal women with advanced 
breast disease. In 1966 researchers identified 
hormone receptors—molecules that bind to spe-
cific hormones—in various tissues, including 
that of the breast. Subsequent studies showed 
that a significant number of invasive breast can-
cers—as many as 75 percent—contain estrogen 
receptors or progesterone receptors, or both, 
causing these molecules to quickly become ther-
apeutic targets. 

The antiestrogen drug tamoxifen was first 
approved in the U.S. in 1977 to treat advanced 
breast cancer in postmenopausal women. The 
drug molecule binds to the estrogen receptor, 
preventing estrogen from doing so. Tamoxifen 
has since proved effective for patients with local-
ized breast tumors that display estrogen or pro-
gesterone receptors and as a preventive therapy 
in healthy women who are at high risk for breast 
cancer. Meanwhile newer drugs that inhibit the 
aromatase enzyme, suppressing natural estro-

In addition, surgical approaches to tumor 
excision have changed over the past 20 years 
from radical tissue removal in women whose 
tumor appears confined to a small part of the 
breast to breast-conserving therapy. More 
focused radiation is also less damaging to nor-
mal tissues such as those of the heart and lungs. 
These changes have made treatment less destruc-
tive, with equally successful results. 

Besides these refinements in the detection and 
local management of breast tumors, the use of 
systemic therapies as supplementary, or adjuvant, 
treatments has become more sophisticated 
thanks to the availability of new drugs, improve-
ments in their delivery, and management of side 
effects. Such treatments aim to eradicate any 
malignant cells not eliminated by surgery or radi-
ation. The approach is often warranted because 
even tumors that are tiny and apparently self-
contained can already have quietly spawned 
microscopic metastases, undetectable tumors at 
distant sites in the body. By attacking these invis-
ible tumors, adjuvant chemotherapy can prolong 
disease-free intervals and overall survival rates.

Adjuvant chemotherapy is also improving the 
odds for those with more advanced tumors. In 
the 1970s our clinical group and others began 
developing multidisciplinary treatment pro-
grams for patients with so-called locally 
advanced breast cancer, which has invaded 
neighboring tissue. Such patients are often not 
diagnosed until their cancer is incurable with 
surgery alone. Our approach is to treat them 
with preoperative, or neoadjuvant, chemothera-
py to shrink their tumors to operable size, after 
which surgery is performed, followed by addi-

raisinG aWarEnEss of the importance of early 
detection, as well as raising funding for research, 
has paid off in notable declines in breast cancer 
mortality in the developed world. a
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[TrEaTmEnT milEsTonEs]

doctors started aggres-
sively treating breast 
cancer in the 19th centu-
ry, with the first mastec-
tomy performed in 1882. 
but insights into mecha-
nisms driving the disease 
that would lead to 
increasingly targeted 
therapies began with 
discoveries in the 1950s.

1880s–1890s

Hormonal 
cancer 
connection 
suggested 
when physicians 
report significant 
regression of breast 
cancer tumors 
following ovary removal or 
onset of menopause.

1896: First ovary removal 
performed as a breast cancer 
treatment by George T. Beatson.

George T. 
Beatson

fast facts 
Inherited mutations in the BRCA1 
gene can multiply lifetime breast 
cancer risk by 10 times, but only  
in the past year have researchers 
discovered why. BRCA1 is involved  
in DNA repair, so its malfunction 
makes errors in other cancer-
promoting genes more likely.

Following a 2002 report that 
hormone replacement therapy (HRT) 
increased breast cancer risk in 
postmenopausal women, HRT use 
fell. The next year there was a 
dramatic drop in the incidence of 
both invasive (7.3 percent) and 
noninvasive (5.5 percent) breast 
cancers in the U.S. 
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breast cancers of individual patients might 
behave differently. Some cancers have limited 
invasiveness and metastatic potential, for 
instance, whereas others spread quickly to dis-
tant organs. Knowing the molecular profile of 
a patient’s tumor should permit a doctor to 
focus on inhibiting the mechanisms driving that 
particular tumor, one day choosing from an 
arsenal of drugs a set that will interfere with the 
specific molecules involved in the initiation, 
growth and spread of the cancer. The success of 
trastuzumab and other HER2-targeted thera-
pies illustrates the potential of this approach in 
combating breast cancer. 

Targeting HER2 
In the early 1980s the gene that gives rise to 
HER2 was first discovered in mutated form in 
rat neural tumors by investigators at the Massa-
chusetts Institute of Technology, who named 
that oncogene Neu. Soon researchers realized 
that the gene was a mammalian version of one 
previously identified in viruses called ERBB, so 
Neu also came to be known as ERBB2. This 
gene was not done accumulating names, howev-
er. When scientists identified the protein encod-
ed by ERBB2, they realized that it was closely 
related to a cell-membrane protein called epider-
mal growth factor receptor (EGFR). Thus, when 
they finally isolated the human version of the 
ERBB2 gene, they named it human epidermal 
growth factor receptor 2 (HER2).

As it turns out, the entire EGFR family of pro-
teins has proved important to tumor cell growth 
in a variety of cancers. When activated by spe-
cific molecules that bind to them (their ligands), 
such receptors transmit a proliferation signal to 
the cell by initiating a cascade of internal molec-
ular interactions—spurring activity by genes 
whose encoded proteins regulate the activity of 
still more “downstream” genes. Shortly after the 
HER2 gene was discovered, scientists noted that 

gen manufacture in the body, have proved supe-
rior to tamoxifen in postmenopausal women.

In a sense, then, estrogen and progesterone 
receptors became the first molecular features of 
tumors that could be directly targeted by drugs, 
although an important distinction should be 
noted between these targets and newer ones 
identified in the past decade. The sex steroid 
receptors promote cell proliferation, or growth, 
in healthy tissues as well as in tumors, so sup-
pressing their ability to transmit growth signals 
does help to check tumor enlargement. And 
changes to the receptors’ shape or function may 
sometimes contribute to the general malignant 
characteristics of tumor cells. But the gene 
encoding the estrogen receptor is rarely mutated 
in breast cancers, which means that it is not a 
true cancer-causing gene. 

Perhaps the most important realization in 
cancer research since the era when sex hormone 
receptors were discovered is that particular 
genes, when they become mutated, can cause a 
normal cell to turn cancerous. Such genes, once 
they do mutate, are referred to as oncogenes, 
and they are believed to be responsible both for 
initiating the transformation of a normal cell 
into a cancerous one and for driving tumor 
growth. That is why breast cancer (like all can-
cers) is described today as fundamentally a dis-
ease of genes. An oncogenic mutation, such as a 
small change in the DNA nucleotide sequence of 
a gene, might disable a protective gene or boost 
the activity of a tumor-promoting one. In some 
cases, entire genes are deleted or duplicated [see 
sidebar on page 63]. 

Tumors can now be classified according to 
the genes that are overactive or suppressed in 
their cells and according to the resulting chang-
es in the manufacture and function of proteins 
encoded by those genes. The damaged genes 
can vary from tumor to tumor, and this hetero-
geneity at the genetic level explains why the 

[THE aUTHors]

Francisco J. Esteva is director of 
the breast cancer Translational 
research laboratory at the Univer-
sity of Texas m.d. anderson cancer 
center, where Gabriel n. Horto-
bagyi is director of the multidisci-
plinary breast cancer research 
Program. Esteva, an associate pro-
fessor in the departments of 
breast medical oncology and 
molecular and cellular oncology, 
focuses on bridging the gap 
between basic research and 
patient treatment. Hortobagyi, a 
recent president of the american 
society of clinical oncology, is also 
chair of, and a professor in, the 
department of breast medical 
oncology. His research spans all 
aspects of breast cancer biology, 
management and therapeutics and 
has earned numerous awards. 

[TrEaTmEnT milEsTonEs]

Estrogen receptor 
protein structure

1950s–1960s

1951: Estrogen and testosterone found to 
drive the growth of breast and prostate 
cancers, respectively. 

1958: Cancer researchers identify 
additional “growth 
factor” proteins that 
help tumors thrive. 

1966: Estrogen  
receptor 
identified. 

1970s–1980s

1976: Cancer-
promoting  
“oncogenes”  
first discovered  
in mammals.

1976: Clinical trials begin to show that 
lumpectomy with radiation can be as effective as mastectomy.

1977: Hormone-blocking drug tamoxifen approved in  
U.S. for treatment of breast cancers sensitive to estrogen  
or progesterone.

1988: Trial results show that preoperative chemotherapy 
shrinks tumors, making less invasive surgeries possible.

Tamoxifen, a 
selective estrogen 
receptor modulator

1990s–2008 

1994: BRCA1 gene, known to increase susceptibility to breast 
cancer, is isolated.

1997: Letrozole, which blocks estrogen synthesis, approved in 
U.S. for patients whose cancer did not respond to tamoxifen.

1998: Trastuzumab, the first molecular-targeted cancer 
therapy, approved in U.S. for use in breast cancer.

2007: Lapatinib, an inhibitor of growth signaling, 
approved in U.S. for use in breast cancer. 

2008: Bevacizumab, an inhibitor of blood vessel formation 
in tumors, approved in U.S. for use in breast cancer.

Trastuzumab, also known by the trade name Herceptin

© 2008 SCIENTIFIC AMERICAN, INC.



62 SC IE NTIF IC AMERIC AN June 20 0 8

remarkable laboratory results, leading to growth 
arrest and cell suicide in breast cancer cell lines 
that overproduce HER2. 

One way to improve the effectiveness of 
HER2-targeted therapy is, therefore, to com-
bine a drug such as trastuzumab with a tyrosine 
kinase inhibitor such as lapatinib. In breast can-
cer cell lines, that combination produces greater 
synergistic growth inhibition and higher rates of 
cell suicide. Even in cell lines that have devel-
oped resistance to trastuzumab after long-term 
treatment, lapatinib has proved just as effective 
at inducing cell suicide. A recent large (phase III) 
clinical trial among patients with HER2-over-
producing metastatic breast cancer, whose dis-
ease had become resistant to trastuzumab, dem-
onstrated that lapatinib plus capecitabine che-
motherapy doubled the median time to 
progression as compared with capecitabine 
alone. On the basis of these results, in 2007 the 
U.S. Food and Drug Administration approved 
the use of lapatinib combined with capecitabine 
for treating metastatic disease. Clinical trials to 
determine lapatinib’s value as an adjuvant treat-
ment in a wider variety of circumstances are 

it was frequently duplicated in breast cancer 
cells and that having multiple copies of the gene 
was associated with a poor prognosis.

Laboratory studies confirmed that adding 
copies of the HER2 gene to a normal cell could 
transform it into a cancer cell—a hallmark abil-
ity of oncogenes. Because 20 percent of breast 
cancer tumors overproduce the HER2 protein, 
it became a therapeutic target for drug research-
ers. Genentech scientists created trastuzumab in 
the late 1980s by manufacturing so-called 
monoclonal antibodies that bind to the HER2 
receptor, preventing it from being activated. In 
clinical trials, it was found that trastuzumab 
could lengthen the survival of patients with both 
early-stage and metastatic breast cancer. 

The success of trastuzumab has led to the 
development of similar antibody-based thera-
pies, such as pertuzumab, which binds to HER2 
at a different site than trastuzumab and has the 
added effect of preventing the receptor from 
interacting with other members of its family in 
the cell membrane, such as EGFR and HER3. 
Blocking such interactions reduces growth sig-
naling along the intracellular pathways of molec-
ular communication downstream of these recep-
tors. Pertuzumab can even disrupt certain types 
of HER2 activation in tumor cells that have 
become resistant to trastuzumab. Moreover, we 
have shown that combining trastuzumab with 
pertuzumab can boost the rate of cell death in 
breast cancer cells overproducing HER2.

Still another method of wielding antibodies 
against the HER2 receptor is to attach a potent 
toxin to them, which the antibodies then trans-
port into the cancer cell. After the toxin-anti-
body pair is internalized by a cell, the toxin 
detaches and kills the cell. This approach has 
been successful in other types of cancer, such as 
acute myeloid leukemia, and clinical trials are 
under way in patients with metastatic breast 
cancer to determine the safety and efficacy of 
such trastuzumab-based conjugates.

To send a growth signal into a cell, the intra-
cellular region of the EGFR family of proteins 
must first be acted on by tyrosine kinases, 
enzymes that chemically modify a segment 
known as the tyrosine kinase domain. Tyrosine 
kinases can thus act as growth-stimulating fac-
tors, and inhibiting them directly is another way 
of squelching EGFR-mediated growth signaling 
in cells. That is why pharmaceutical companies 
are avidly pursuing the clinical development of 
such drugs. Lapatinib (Tykerb) is a dual EGFR/
HER2 tyro sine kinase inhibitor that has shown 

TuMOR PAThwAYS
[TarGETs]

excessive activity of certain proteins and genes in breast can-
cer cells can switch on a series of molecular interactions,  
or pathways, that encourage the cells’ proliferation 
(growth) and survival. among these proteins are vari-
ous cell-surface receptors, such as her2 (a mem-
ber of the epidermal growth factor receptor,  
or egfr, family) and the insulinlike growth 
factor 1 receptor (igf-1r). 

THE on sWiTcH
When stimulated by a growth 
factor, an individual receptor 
protein joins, or dimerizes, 
with a neighbor. The pairing 
causes an enzyme called a 
tyrosine kinase to add a 
phosphate group to both units, 
setting off a signal to the cell 
nucleus. Those receptors 
are thus important targets 
for antitumor therapies 
(box at far right).

Like other growth factor receptors, estrogen 
receptor proteins dimerize when activated 
by estrogen. The receptor pair then acts 
directly on DNA (right) to switch on genes 
involved in cell growth and survival.
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commit suicide. We have even seen cells lose or 
disable the extracellular binding site that trastu-
zumab attaches to on the HER2 receptor.

In light of these observations, identifying 
additional molecular targets to attack in cells 
that overproduce HER2, as well as targets in 
the other 80 percent of tumors that do not have 
HER2 mutations, is a high research priority.

Expanding the Arsenal
Among the most promising new targets for breast 
cancer therapy is the IGF-1 receptor as well as the 
growth hormone molecules that activate it, IGF-1 
and IGF-2. High levels of IGF-1 in the blood-
stream have been linked with increased risk of 
breast cancer, and many laboratory and clinical 
studies have implicated its receptor in the devel-
opment, maintenance and progression of multi-
ple cancer types. Signaling by the IGF-1 receptor 
regulates a variety of cellular processes, including 
growth, motility and protection from cell suicide. 
In fact, such signals have been shown to protect 
tumor cells from the effects of chemotherapy and 
radiation therapy. Conversely, inhibiting IGF-1 
receptor activity during radiation therapy or co
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ongoing, as are trials of several other tyrosine 
kinase inhibitors that target HER2 and EGFR.

Finding alternative means of interfering with 
the same growth pathways is important because, 
as can happen with trastuzumab, cancer cells 
often do eventually find ways to evade individu-
al drugs. Also under way is research into how 
and why cancer cells develop resistance to tras-
tuzumab, so that investigators can use those 
insights as a guide to designing more effective 
combinations or new agents for patients whose 
tumors overproduce HER2. 

In studies of cell cultures and animals, for 
instance, our laboratory has discovered that 
cancer cells employ many different mechanisms 
to survive in the presence of trastuzumab, includ-
ing increasing their production of other growth 
factor receptors, either from the EGFR/HER 
family or from other families, such as the insu-
linlike growth factor 1 (IGF-1) receptor. The 
cells may also lose or inactivate the tumor sup-
pressor gene PTEN. This gene normally blocks 
a survival pathway involving the enzyme phos-
photidylinositol 3-kinase (PI3K), which allows 
damaged cells to ignore signals telling them to 

TuMOR PAThwAYS
aTTackinG TUmor ProTEins
Drugs designed to inhibit growth factor 
receptors on tumor cells can act in a variety 
of ways, including inducing the receptors 
to deliver toxins into the cells. 

deliver toxin 
into cell

Growth factor Drug

attack 
growth
factor

block growth 
factor binding site

inhibit 
dimerization

block 
tyrosine 
kinase 
activity

THE EFFEcTs
The signals activate specific genes, such as RAS, which give rise to proteins that 
act on additional genes. This series of gene-protein interactions, depicted in 
abbreviated form here, leads to cell growth and the suppression of mechanisms 
that would usually cause an abnormal cell to commit suicide. Mutations in any 
gene along such signaling pathways can produce similar results, making those 
genes and their encoded proteins therapeutic targets as well.

nucleus

dna

RAS RAf mek mApk

pI3k Akt mtOR

cell growth

cell survival

Gene
activation

Toxin

her2 
amplification 
a gene encoding the HEr2 
growth factor receptor is 
tagged with red fluorescence 
in breast cancer cells (top). in 
HEr2-positive cancer cells 
(bottom), the gene is dupli-
cated many times over, lead-
ing to overproduction of 
HEr2 proteins that cause the 
cells to receive excessive 
growth signals. 
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important role in drug resistance. Our research 
group has shown, for example, that blocking the 
IGF-1 receptor with a monoclonal antibody 
restores the sensitivity of resistant cells to tras-
tuzumab and disrupts the interaction between 
the IGF-1 and HER2 receptors. Suppressing the 
IGF-1 receptor also kills the resistant cells. Fur-
thermore, lapatinib appears to have inhibitory 
effects on IGF-1 signaling in the trastuzumab-
resistant cells, suggesting that its ability to limit 
tumor cell proliferation may result not only from 
its anti-EGFR/HER2 activities but also from 
direct IGF-1 receptor inhibition. 

The tangle of signaling pathways leading 
from the receptors we have been describing to 
the cellular processes that actually cause a cell 
to divide or to resist suicide despite DNA dam-
age is highly complex. But scientists are finding 
that key genes along those pathways are also fre-
quently mutated or dysregulated in tumor cells. 
Among the best characterized examples is the 
PI3K gene, whose encoded protein chemically 
modifies another protein known as AKT, which 
in turn modifies a complex called the mamma-
lian target of rapamycin (mTOR). This PI3K/
AKT/mTOR pathway plays a critical role in the 
body’s use of glucose for energy and other impor-
tant physiological processes in normal cells, but 
it is pathologically overactivated in cancer cells, 
prolonging their survival. Because the pathway’s 
effects are ubiquitous in the body, delivering 
drugs that inhibit it could disrupt healthy cells 
as well as cancerous ones—a drawback that has 
so far limited the use of such agents. 

Several mTOR inhibitors are nonetheless 
being tested in clinical trials, both as single 
agents and combined with other therapies. At 
the moment, studies using the mTOR-suppress-
ing antibiotic rapamycin, along with an inhibi-
tor of the IGF-1 receptor, suggest that such com-
binations yield additive antitumor effects as 
compared with single agents—and that, further, 
clinically evaluating combined inhibition of 
both pathways may be a good idea.

Another approach showing great promise is 
combining direct antitumor agents with com-
pounds that target elements in a tumor’s envi-
ronment. Cancers secrete a variety of growth 
factors to attract the endothelial cells that build 
new blood vessels in a process called angiogen-
esis. Overproduction of the most important of 
these, vascular endothelial growth factor 
(VEGF), is thought to make tumors more dan-
gerous, and high levels correlate with worse sur-
vival rates in human invasive breast cancers. 

chemotherapy has been found to enhance tumor 
cell suicide rates in animal studies. 

In addition to exploring IGF-1 receptor inhi-
bition as a direct therapeutic tool for breast can-
cer, scientists are evaluating ways to apply it 
toward preventing or reversing resistance to oth-
er treatments, such as endocrine therapies, tras-
tuzumab and lapatinib. Cross talk between the 
IGF-1 receptor and the various other growth fac-
tor receptors—including estrogen, HER2 and 
additional EGFRs—is a key mechanism for the 
growth and survival of breast cancer. This code-
pendence and communication between different 
intracellular pathways is thought to play an 

a growing list of drugs 
designed to inhibit 
specific tumor proteins 
are approved to treat 
breast cancer patients 
(bold) or are undergo-
ing clinical trials. 

TARgETEd ThERAPIES
TarGET drUG

Estrogen/
progesterone 
receptor proteins

●  anastrozole
●  letrozole
●  Exemestane
●  Tamoxifen
●  Fulvestrant

HER2 receptor 
protein

●  Trastuzumab
● Pertuzumab
●  lapatinib
●  neuvax
●  dher2
●  mvf-her-2
●  e1a (gene therapy)

IGF-1 receptor 
protein

●  imc-a12
●  cp-751, 871
●  amg 479
●  h7c10
●  osi-906

PI3K/AKT/mTOR cell 
survival pathway

●  bgt226
●  bez235a
●  rad001
●  rapamycin

VEGF receptor 
protein (involved  
in forming tumor 
blood vessels)

●  bevacizumab
●  sunitinib
●  vatalinib
●  pazopanib
●  azd2171
●  amg706
●  amg386 
●  ptc299

Other targets ●  dasatinib (src inhibitor)
●  theratope 
●  dendritic cell vaccines
●  p53 peptide vaccine
●  alt801 (p53 inhibitor)
●  ad5cmv-p53 (gene therapy)
●  anti-p53 t-cell reinfusion
●  azd2281 (parp protein inhibitor)
●  bsi-201 (parp inhibitor)

drUG TyPE
●  aromatase 

inhibitor  
(blocks an enzyme 
involved in estrogen 
and progesterone 
synthesis)

●  monoclonal 
antibody 
(impedes activation  
of cellular receptors)

●  kinase inhibitor 
(inhibits signaling  
by cellular receptors)

●  vaccine 
(stimulates production 
of antibodies specific 
to tumor proteins; can 
be composed of cells 
or peptide molecules)

●  other 
(includes direct 
inhibitors of other 
molecules or  
gene therapy to  
alter cellular protein 
manufacture)

© 2008 SCIENTIFIC AMERICAN, INC.



w w w.Sc iAm.com  SC IENTIF IC AMERIC AN 65

Genentech’s bevacizumab (Avastin) is a mono-
clonal antibody directed against VEGF that was 
first approved for use in colon cancer in 2004. In 
more recent clinical trials among patients with 
heavily treated metastatic breast cancer, bevaci-
zumab alone had limited activity, but certain 
patients who received it in combination with 
capecitabine chemotherapy showed improved 
responses [see “Taming Vessels to Treat Cancer,” 
by Rakesh K. Jain; Scientific American, Jan-
uary]. In another study, HER2-negative meta-
static breast cancer progressed more slowly in 
patients who received paclitaxel chemotherapy 
with bevacizumab than it did in patients who 
received paclitaxel alone. Based on such results, 
bevacizumab was recently approved for use in 
breast cancer patients, and other VEGF inhibi-
tors are also in development, such as Pfizer’s 
sunitinib (Sutent), a tyrosine kinase inhibitor 
targeted against the VEGF receptor. 

At the same time, very basic biology research 
is continuing to turn up new molecular targets 

global Power
that both reveal more about the underlying 

mechanisms of cancer and provide potential 
leads for drug development. Terumi Kohwi-

Shigematsu of Lawrence Berkeley National 
Laboratory and her colleagues announced one 
such discovery earlier this year. They identified a 
gene called SATB1 as the “master regulator” of 
activity for more than 1,000 genes involved in 
breast cancer metastasis. Kohwi-Shigematsu 
showed that the influence of the SATB1 protein 
encoded by the gene is both necessary and suffi-
cient for breast cancer cells to become metastatic, 
which makes it an appealing therapeutic candi-
date. Her research group is already working on 
an inhibitor of the SATB1 protein, which could 
be ready for clinical trials within a few years. 

Progress in the molecular targeting of breast 
cancer and individualized therapy will generally 
rely on the continuing development of profiling 
tools to determine whether a patient’s tumor 
overproduces proteins such as HER2, SATB1 
and others that might be direct drug targets. In 
addition, genetic testing can help to characterize 
a tumor’s overall gene activity patterns—a poten-
tial signature of a good or poor prognosis. Still 
other tests already available or nearing approval 
can help to profile the patient herself to establish 
whether she has genetic variations that might 
make her body process a medication more slowly 
than average—a situation that can be problem-
atic with a drug such as tamoxifen that depends 
on the body to convert it to active form. 

Meanwhile further clinical trials of various 
drug combinations are needed to validate the 
effectiveness of attacking multiple targets at 
once. A 50-country trial has recently begun 
recruitment in the U.S., for example, to test lap-
atinib and trastuzumab alone and in combina-
tion with each other and with traditional chemo-
therapies [see box on this page].

Such a large international trial exemplifies the 
considerable resources and attention focused on 
breast cancer research, in recognition of its 
importance as a global health threat. The inten-
sive scientific investigation and heightened 
awareness are certainly bearing fruit. When 
breast cancer is compared with other types of 
cancer, such as malignancies of the lung or brain, 
advances over the past decade have been impres-
sive. Doctors’ ability to profile a tumor and tailor 
treatment to fight it with a growing arsenal of 
weapons is already making a difference in the 
survival rates of breast cancer patients, and the 
coming decade promises even more dramatic 
progress. ■
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Targeted therapies will be most powerful, in 
principle, when they are used together in 

combinations tailored to the tumor features driv-
ing an individual patient’s cancer. Clinical trials to test 
specific drug combinations provide critical information 
about which treatments work most effectively on differ-
ent tumor profiles and reveal unexpected interactions 
between drugs. But trials take time, often years, to enroll 
a sufficient number of participants to generate statistical-
ly significant results. That is why multinational research 
consortia based in Europe and the U.S. are pooling 
resources to conduct a 50-country trial, the Adjuvant 
Lapatinib and/or Trastuzumab Treatment Optimization 
Study (ALTTO), which has just begun recruiting in the U.S. 

Some 1,500 testing sites will treat patients with early 
(stage I or II) breast cancers that overproduce the HER2 
protein, giving them chemotherapy and either trastuzu-
mab or lapatinib alone, or one of those drugs followed  
by the other, or both drugs together. The trial will provide 
the first side-by-side comparison of these HER2-targeted 
treatments that work by different mechanisms.

With a goal of including as many as 8,000 women on 
six continents, ALTTO has the potential to quickly gener-
ate results that can then be applied to patients every-
where. Moreover, this global data-sharing model can 
highlight differences in treatment responses or toxicity 
among different ethnic groups, a phenomenon observed 
with certain types of chemotherapy because of genetic 
variations that affect the way the drugs are metabolized 
by patients’ bodies. Having such information about the 
newer targeted therapies will help doctors to further  
personalize treatment, tailoring it to both the tumor and 
the patient.  —the editors
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