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Central nervous system (CNS) or brain metastasis is an emerging area of interest in organ-
specific metastasis research. Lung and breast cancers are the most common types of pri-
mary tumors to develop brain metastases. This disease complication contributes signifi-
cantly to the morbidity and mortality of both of these common cancers; as such, brain
metastasis is designated an unmet medical need by the US Food and Drug Administration
(FDA). Recently, an increase in incidence of CNS disease has been noted in the literature for
breast cancer, while it has been an ongoing major complication from lung cancer. Progress
in treating brain metastases has been hampered by a lack of model systems, a lack of
human tissue samples, and the exclusion of brain metastatic patients from many clinical
trials. While each of those is significant, the major impediment to effectively treating brain
metastatic disease is the blood-brain barrier (BBB). This barrier excludes most chemother-
apeutics from the brain and creates a sanctuary site for metastatic tumors. Recent findings
on the biology of this disease and translational leads identified by molecular studies are
discussed in this article.

Published by Elsevier Ltd.

1. Clinical overview

Brain metastasis is the most common form of adult CNS tu-
mors, outnumbering primary brain tumors by 10:1.* While
multiple primary tumor sites metastasize to the brain, 40-
50% of brain lesions originate from lung cancer and 20-
30% from breast cancer.? The natural history of the disease
is very different for these two primary tumor types. Lung
cancer patients develop brain metastases early - within
the first two years - after primary tumor diagnosis while
breast cancer patients tend to recur in the CNS after the
development of systemic metastatic disease and multiple
rounds of chemotherapy. Regardless, brain metastasis is a
major cause of morbidity and mortality. Tumors in the
CNS strongly affect patient quality of life, impairing sensory
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and motor neural functions and inducing headaches (24—
48%), nausea, vomiting, and seizures. The mainstay of
treatment is radiation therapy, which can add additional
morbidity, particularly neurocognitive complications from
whole brain radiotherapy.

The incidence of brain metastatic disease appears to be
rising as a result of multiple factors. First, there is an increase
in the aging population. Second, improvements in systemic
chemotherapy, particularly in breast cancer, have increased
the number of metastatic patients either responding to treat-
ment or with stable disease who are at risk of brain progres-
sion. Third, the increased awareness of the warning signs and
risk factors has led to frequent screening for disease in the
brain. However, more research is needed to identify patients
at high risk of developing brain metastasis.
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2. Lung cancer

Small cell (SCLC) and non-small cell (NSCLC) are the major
histological types of adenocarcinoma of the lung. It has been
estimated that 50% of both SCLC and NSCLC patients will de-
velop metastatic disease in the brain. For SCLC, 10% of pa-
tients already have CNS involvement at the time of primary
tumor diagnosis. Treatment options are limited and standard
of care is generally whole brain radiation therapy (WBRT)
with corticosteroids to alleviate edema. Overall survival
ranges from three to six months after diagnosis of CNS dis-
ease. Favorable prognostic factors that affect survival include
Karnofsky’s performance status, patient age (<65), control of
primary tumor, and absence of extracranial metastatic
disease.*

Recently, the use of prophylactic cranial irradiation (PCI)
has been investigated in clinical trials for both SCLC and
NSCLC. PCI entails a series of low-dose radiation exposures
to the whole brain to eliminate micrometastases. The
short- and long-term neurocognitive consequences of PCI
are still debated, particularly what portion of decline is
from disease itself versus the therapy. While PCI has been
believed to be beneficial in SCLC for some time, this benefit
was thought to be limited to patients who had a complete
response to chemotherapy for their primary disease. Slot-
man et al. conducted a randomized trial of patients with
extensive SCLC disease and found that patients who re-
ceived PCI were at a lower risk of developing symptomatic
brain metastasis (hazard ratio 0.27, p<0.001).> Significant,
yet modest, increases in disease-free (12 weeks compared
with 14.7 weeks with PCI) and overall survival (5.4 months
compared with 6.7 months with PCI) were also noted. In
NSCLC, randomized trials have shown that PCI can prevent
brain metastasis, but a survival benefit has not been dem-
onstrated.® The risk of significant neurocognitive decline
following PCI has been studied and debated. A discussion
of that literature is beyond the scope of this review; how-
ever, the need to identify lung cancer patients at risk of
developing brain metastasis to minimize the number of pa-
tients receiving PCI is important.

Few studies have identified risk factors for the develop-
ment of brain metastasis after diagnosis of lung cancer. This
is in contrast to breast cancer where several risk factors have
been identified that place breast cancer patients at high risk
of developing of brain metastasis. Grinberg-Rashi et al. re-
ported twelve candidate genes whose overexpression was
associated with brain or general metastasis in 142 NSCLC pri-
mary tumors to identify a predictive pattern of high risk.”
Multivariate Cox regression analysis showed that the expres-
sion values of three genes (CDH2, KIFC1, and FALZ) in primary
tumors had prognostic value. The role of CDH2 (N-cadherin)
is discussed further below.

3. Breast cancer

Historically, brain metastases developed in ~15-20% of pa-
tients with systemic metastatic disease.® At autopsy, asymp-
tomatic metastatic lesions are found in the brains of more
than 30% of breast cancer patients.’ Additionally, breast can-

cer is the solid tumor most commonly giving rise to leptome-
ningeal metastases, lesions in the tissue that lines the brain
and spinal cord.'® Several studies have reported risk factors
for the development of brain metastases (Table 1). These
studies generally examined characteristics of primary tumors
from patients who did and did not develop brain metastases.
Despite differences in the patient and tumor characteristics
between studies, several trends emerged. Breast cancer pa-
tients who (a) were young, (b) had ER-negative primary tu-
mors, but overexpression of HER2 and/or epidermal growth
factor receptor (EGFR)-positive primary tumors, and (c) had
lymph node-positive disease or distant metastases were at
high risk of brain metastatic relapse. Breast cancer is a dis-
ease with a number of subtypes and patients with metastatic
triple-negative breast cancer (ER-, PR-, HER2 unamplified)
tend to develop brain metastasis at a high rate.’* For the
HER2 amplified subtype, the frequency of brain metastasis
has been reported to be as high as 35%." As noted above,
one reason for the increased incidence of brain metastatic
disease is the improvement in patient survival due to effec-
tive control of systemic disease. This is particularly the case
for breast cancer patients with HER2 amplified tumors treated
with trastuzumab, a large monoclonal antibody to HER2 that
does not cross the blood-brain barrier (BBB). Many of these
patients had stable disease or were responding to treatment
systemically at the time of brain relapse.’®*® Patients whose
breast cancer has metastasized to the brain have an esti-
mated one-year survival rate of 20%. Other than cranial radio-
therapy and in limited cases, surgery, no effective treatment
options exist.

4. Molecular pathways mediating brain
metastasis
4.1.  Gene expression analyses

In order to identify pathways specific to the development of
brain metastasis and novel molecular targets/translational
leads, several groups have undertaken gene expression stud-
ies in animal models and human tissue cohorts. Gene expres-
sion analyses of surgically resected brain metastases or of
model systems consisting of parental and brain metastasiz-
ing variant cell lines have been reported for both lung and
breast cancers.’®?° For most of the model systems, a meta-
static tumor cell line is injected either into the left cardiac
ventricle or the carotid artery, so that the brain is a direct cap-
illary bed. Cells are then isolated from the brain and re-in-
jected for several rounds to establish a tissue-specific
subline. It is necessary to compare and contrast the gene
expression of patient tissues and model systems to attain
an accurate molecular portrait of brain metastases.

In a cohort of primary tumors from lung cancer patients
who developed brain metastases, Grinberg-Rashi et al. found
CDH2 (N-cadherin) to be significantly increased (p = 0.009).”
The cadherins are a family of Ca2+ dependent cell-cell adhe-
sion molecules. N-cadherin is involved in multiple processes
including inducing invasion, migration, promoting survival
of cancer cells, regulating adhesion and neurite outgrowth
(reviewed in®'). Clinically, N-cadherin overexpression has
been shown to be associated with decreased survival in
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Table 1 - Risk factors for the development of brain metastasis from breast cancer.

Patient or primary tumor risk factors (p value)

Reference

Node-positive (<0.01)

Grade, size > 2 cm, ER-negative, HER2-positive (each < 0.01)
ER-negative (0.0025)

Lung metastases (0.0003)

ER-negative (0.002)

Young age (0.0002)

ER-negative (0.0003)

HER2+ (0.02)

Number of sites of metastatic disease (0.03)
Young age (median 40) (0.007)
Lymphovascular invasion (<0.0001)

Relapse in bone or liver (<0.006)

Young age (0.001)

ER-negative (<0.001)

High grade (0.002)

CK5/6+ (<0.001)

Lung metastasis (0.02)

High p53 expression (0.05)

Pestalozzi et al.?®

Clark et al.>®
Slimane et al.®°

Evans et al.®!

Miller et al.®?

Carey et al.*®

Hicks et al.%*

Sezgin et al.®®

poorly differentiated small cell lung carcinomas (excluding
squamous cell carcinomas and adenocarcinomas).”> An N-
cadherin antagonist, a polypeptide known as ADH-1 or Exher-
in, is currently in clinical trials. Two Phase I clinical trials have
been reported showing the compound to be generally well tol-
erated and to induce partial responses and stable disease in
the treatment of solid tumors.?*%*

Activation of the WNT/TCF pathway has also been identi-
fied as playing a role in lung cancer spread to the brain and
bone. Nguyen et al. developed a T-cell factor 4 (TCF4) signa-
ture prognostic for lung metastasis to multiple organs using
a bioinformatic analysis of a cohort of 107 human lung adeno-
carcinoma samples. Functional validation of these findings
identified three genes from the TCF4 signature that were
highly correlated with metastatic development - LEF1,
HOXBY, and BMP4. Treatment of a brain-seeking lung cancer
cell line H2030-BrM3 with Wnt3a significantly increased
LEF1 and HOXBY. Confirming that LEF1 and HOXB9 are in-
volved in metastasis, overexpression of the two genes led to
an increase in bone and brain metastases whereas knock-
down of each gene decreased metastatic incidence.” Sup-
porting the hypothesis that TCF4 may play an important
role in lung cancer development, Xu et al. found increased
TCF4 overexpression in patients with stage III-IV lung cancer
compared with stages I[-I1.?° Furthermore, expression of
Wnt3a in a four-gene signature predicted increased mortality
rates in lung cancer patients.”’ Taken together, these studies
suggest that a treatment targeting TCF4/Wnt3a might show
efficacy in targeting lung cancer metastases, including those
lesions that develop in the brain. These experiments bring
up questions which remain unanswered, of whether brain
metastases are molecularly linked to other systemic metasta-
ses — especially in lung cancer, where both develop simulta-
neously and early in the course of the disease — and to what
degree do site-specific metastatic pathways actually exist?

In breast cancer, the Massague laboratory identified sev-
eral genes that may mediate the spread of metastatic tumor
cells to the brain. Bos et al. derived brain-seeking cells from

the triple-negative human MDA-MB-231 cell line and from
the tumor of an ER- patient (CN34).?® They found 243 genes
differentially expressed between the brain metastasis and
parental cell lines. Of those, the expression of 17 genes was
correlated with brain relapse in patient samples. These 17
genes showed no association with bone, liver, or lymph node
metastasis, although six genes correlated with a previously
derived lung metastasis signature, including COX-2, MMP-1,
ANGPTL4, LTBP1, FSCN1, and RARRES3.* Both the breast
and lung sets also expressed an EGFR ligand (HB-EGF in the
brain metastases and EREG in the lung metastases) indicating
that the EGFR pathway may play an important role in cancer
metastasis to the brain. To investigate the role of COX-2 and
the EGFR pathway, Bos et al. used siRNA to inhibit COX-2 or
treated with cetuximab to inhibit EGFR and, in both instances,
observed a decrease in brain metastases (p <0.0195 and
p < 0.002 respectively).?®

To identify genes that were responsible for brain specific-
ity, Bos et al. also determined the gene expression patterns
of organ-tropic MDA-MB-231 bone-, lung-, and brain-seeking
cells and CN34 brain-seeking cells. They identified 26 upregu-
lated genes in the brain-seeking cells including STEGALNACS,
an a-2,6-sialyltransferase whose expression is typically found
in the brain. Analysis of the presence of sialylic groups in re-
sected metastatic breast tumors found that 50% had the car-
bohydrate group present in brain metastases compared with
18% in lung metastases. When animals were inoculated with
ST6GALNACS knockdown cells in addition to treatment with
cetuximab, an additive effect was observed compared with
each method alone (p =0.019), indicating the importance of
these pathways in the development of brain metastases.?®

In a gene expression analysis of resected human primary
tumors and unlinked brain metastases (matched for TNM
stage, hormone receptor status, and patient age), Palmieri
et al. found hexokinase 2 (HK2) to be upregulated 1.5-fold in
tumor cells in the brain (p = 0.13). High HK2 expression pred-
icated poor patient survival following a craniotomy
(p = 0.028).° HK2 is a member of the hexokinase family that
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catalyzes the phosphorylation of glucose, thereby shunting
glucose into a number of metabolic pathways. HK2 is often
overexpressed in cancer cells and in gastric and hepatocellu-
lar carcinomas, the enzyme is associated with higher grade
tumors, increased invasion, and poor patient survival.?*3
As a glucose-converting enzyme, HK? is a regulator of cellular
metabolism. Chen et al. found that brain-seeking breast can-
cer cells upregulate a number of enzymes involved in cellular
metabolism, which indicated that the cancer cells in the brain
derive most of their energy from glucose.>* While this proteo-
mic study did not specifically identify HK2, the upregulation
of HK2 mRNA is consistent with these findings in that it
may be the first step in many of the metabolic pathways dys-
regulated in tumor cells growing in the brain.

4.2.  Integrins

Integrins are a class of heterodimeric proteins that, when
activated, promote cell to extracellular matrix adhesion.
oyBs is a vitronectin-binding integrin known to be dysregu-
lated in a variety of cancers including breast cancer, glioma,
ovarian cancer, and melanoma.>® Expression of a5 was asso-
ciated with increased metastatic potential in human cancer
cells implanted into the mammary fat pad of mice, presum-
ably through its ability to allow the cancer cells to interact
with platelets in the blood stream, thereby arresting the can-
cer cells in the blood flow.?® Interestingly, the expression of a
constitutively active form of o,f; promoted the growth of
breast cancer cells in the brain, reduced the amount of hypox-
ia in the metastatic lesions by approximately 12-fold, and pro-
moted angiogenesis by approximately 2-fold in normoxic
regions of the tumor compared with the wild-type integrin.®

Integrins have also been implicated in helping promote
brain metastasis in lung cancer. Yoshimasu et al. developed
a brain-seeking cell line from EBC-1 lung cancer cells and
found that the EBC-1/brain cells were more adherent to fibro-
nectin, type I collagen, and laminin than the parental EBC-1
cell line.*” Analysis of integrin expression revealed that the
a3 subunit was increased in the brain-seeking line compared
with the parental and EBC-1 bone-seeking line. Furthermore,
inhibition of a3 with a blocking antibody resulted in a de-
crease in brain metastases by 83%. As a3 is only known to
heterodimerize with B;, the authors surmise that osB; is
important for EBC-1 metastasis to the brain.*’

4.3. HER2

Brain metastases are relatively common in metastatic breast
cancer patients whose tumors have amplified the HER2 tyro-
sine kinase receptor gene. The specific scenario of HER2-posi-
tive (HER2+) breast cancer patients experiencing recurrence in
the brain, while trastuzumab controlled their systemic dis-
ease, was described above, and suggests that a major contrib-
uting factor to this high incidence might be the inability of
trastuzumab to cross the BBB. However, it also remains possi-
ble that HER2 overexpression alters the natural history of
breast cancer to promote brain metastasis. HER2 was trans-
fected into the brain-seeking cell variant of the MDA-MB-
231 (231-BR-HER?2) to study its effect on brain colonization
in an experimental metastasis mouse model.*® Palmieri

et al. showed that HER2 overexpression does not affect tumor
cell arrival or intravasation into the brain, but it increases
brain colonization. Specifically, there was a 2.5- to 3-fold in-
crease in the formation of large metastases.

Lapatinib, an orally available small-molecule competitive
tyrosine kinase inhibitor that binds reversibly to the cytoplas-
mic ATP-binding site in the kinase domains of EGFR and
HER2, is a potential new therapy for HER2+ patients. The
FDA approved lapatinib in 2006 in combination with capecit-
abine for patients with HER2+ tumors who had progressed
after treatment with regimens including an anthracycline, a
taxane, and trastuzumab. In a preclinical study, lapatinib,
when administered three days after intracardiac injection of
HER2 and EGFR expressing 231-BR cells, inhibited the forma-
tion of large brain metastases by 54% and significantly re-
duced the phosphorylation level of HER2 in the brain
metastases (p < 0.001), suggesting clinical activity in the pre-
vention setting.*

This finding is supported by a randomized Phase III clinical
trial of metastatic breast cancer. Lapatinib in combination
with capecitabine improved the response rate and signifi-
cantly (p =0.002) prolonged the time to disease progression
compared with capecitabine alone in patients with metastatic
HER2+ breast cancer whose disease had progressed following
trastuzumab-based therapy.*® An update from the same trial
showed a small but significant preventive effect of lapatinib
on the development of brain metastasis in the cohort treated
with lapatinib plus capecitabine. Four patients (2%) developed
brain metastasis as a first site of progression versus 13 (6%) in
the group of patients receiving capecitabine only (p = 0.045).**
Confirmation of these trends will occur in ongoing adjuvant
trials (Trans-ALLTO and TEACH). In contrast, only modest sin-
gle-agent lapatinib activity has been observed in patients
with recurrent brain metastases from HER2+ breast cancer
following trastuzumab and cranial radiotherapy, with 2.6-6%
partial responses and stable disease for a period of 16 weeks
in 13-14.7% of patients. A 20% volumetric reduction in brain
metastasis was observed in 21% of patients treated with sin-
gle agent lapatinib.*>*® These data argue that lapatinib will be
more useful in preventing rather than treating brain metasta-
sis of breast cancer.

4.4.  Angiogenesis

Angiogenesis is considered a key component of tumor
growth. As such, anti-angiogenic therapies that prevent the
development of new tumor vasculature, thereby depriving
the tumor of oxygen and nutrients, are being actively pur-
sued. Certain anti-angiogenic agents could also transiently
“normalize” the abnormal structure and function of tumor
vasculature to make it more efficient for oxygen and drug
delivery. However, the role of angiogenesis in metastatic brain
disease has not been established, even as bevacizumab (a
monoclonal antibody to VEGF) and sunitinib (a multi-kinase
inhibitor including VEGFR) are in clinical trials for brain
metastasis of breast and lung cancer.

As the brain is a highly vascularized organ, neo-angiogen-
esis may not be necessary for maintaining the growth of met-
astatic tumors.** Experimental brain metastasis studies using
either breast cancer or melanoma showed that tumor cells
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were growing along the pre-existing vessels, co-opting blood
vessels rather than inducing neo-angiogenesis.**™# Kusters
et al., using a melanoma cell line injected into the internal
carotid artery, showed that a brain metastasis could grow
up to 3 mm without inducing the angiogenic switch described
by Folkman,*® but instead modulated pre-existing blood ves-
sels.*> Carbonell et al. used several breast and melanoma cell
lines to show that the growth of micrometastasis in the brain
was dependent on the co-option mechanism without induc-
tion of sprouting angiogenesis.*® Interestingly, the study
showed that vessel density was even lower in areas of meta-
static growth compared with normal brain. This finding has
been confirmed independently in a 231-BR-HER?2 overexpress-
ing brain metastasis model (personal communication, Paul
Lockman, Texas Tech University Health Sciences Center). Fur-
thermore, Carbonell et al., reported that the co-option process
is an active adhesive mechanism between the tumor cells and
the exterior of the blood vessels. They showed that B; integrin
expressed by the tumor cell lines is the key component of co-
option through its specific interaction with the vascular base-
ment membrane (VBM). Indeed, the B, integrin-VBM interac-
tion induced growth signaling pathway activation allowing
metastatic growth in the brain.*®

While several reports excluded the requirement for neo-
angiogenesis in brain metastatic tumor formation, Kim
et al. reported an increase in blood vessel density as well as
vascular remodeling.>® They used variants of human MDA-
MB-231 breast cancer cells isolated from the brain after re-
peated cycles of carotid artery injection. The brain metasta-
sis-selected variants released significantly more VEGF-A into
the culture supernatant and showed increased potential for
brain colonization and higher microvessel density in vivo
compared with parental MDA-MB-231 cells. Subsequently,
they evaluated the efficacy of a VEGF receptor kinase inhibitor
(PTK787) in mice injected with the brain metastasis-selected
variants and showed reduced brain metastasis burden and
decreased microvascular density. However, there was no sig-
nificant increase in survival compared with vehicle treated
controls. This may not be surprising given the recent findings
of both Paez-Ribes et al. and Ebos et al.>"*? Combined, these
authors used five model systems and four different anti-
angiogenic compounds to show that, while anti-angiogenic
therapies decreased primary tumor growth they actually
increased local invasion and distant metastasis. This worri-
some adverse effect of anti-angiogenic therapy demonstrates
the need for additional preclinical studies to elucidate a clear
mechanism of action, particularly in brain metastasis where
side effects (i.e., hemorrhage) are an important issue. That
said, Socinski et al. recently completed a Phase II trial in pa-
tients with NSCLC and brain metastasis to assess the safety
of bevacizumab. Bevacizumab in combination with either car-
boplatin, pemetrexed or erlotinib was associated with a low
incidence of CNS hemorrhage.>®

5. Areas for future translation

An important aspect of translational research on brain metas-
tasis that must be considered when identifying new molecu-
lar targets is the BBB. Consider the following: a retrospective

study by Chen et al. showed that NSCLC patients who had a
pathological complete response were at high risk of develop-
ing brain metastasis.®* Omuro et al. followed NSCLC patients
treated with gefitinib and the five-year incidence of brain
metastasis was 60%, and 33% of responding patients devel-
oped brain metastases as their first site of relapse.>® In breast
cancer, HER2+ patients responding to trastuzumab have a
high frequency of brain metastasis.'> These data support
what has long been proposed: that many agents cannot cross
the BBB, so that tumor cells that do transverse the barrier are
protected from these drugs. The BBB, or more precisely the
vasculature of the brain, is composed of endothelial cells that
are sealed together by tight junctions. These cells lack fenes-
tra and are further surrounded by basement membrane, peri-
cytes, and the feet of astrocytes. This composition severely
limits passive diffusion of molecules into the brain. If a drug
can make its way across the barrier, then it may be immedi-
ately shuttled back out of the brain by a number efflux
pumps. The need for effective drugs that can cross the BBB
and achieve therapeutic levels in the brain is obvious. Chem-
ical characteristics of compounds with a higher potency to
cross the BBB include being small (<500 mw), nonpolar,
and not substrates for efflux pumps, although numerous
other considerations are important. It remains a high priority
that BBB permeable lead compounds be selected as drug
development progresses so that brain efficacy can be
maximized.

Another translational goal for brain metastasis is to im-
prove the efficacy of radiation therapy. Radiation therapy
comes in two forms: stereotactic radiosurgery (“Gamma
knife”), which delivers a high dose to the bed of a metastasis
and whole brain radiation therapy (WBRT). The ability to im-
prove on the results of WBRT would be of great benefit and as
such radiation sensitizing agents are an area of intense
interest. Randomized control trials have tested lonidamine,
metronidazole, misonidazole, motexafin gadolinium, bromo-
deoxyuridine, and efaproxiral as sensitizing agents and failed
to show benefit.>® Identifying agents that synergize with
stereotactic radiation therapy is also a goal for the treatment
of established brain metastases. Recently, the HDAC inhibitor
vorinostat was shown to synergize with radiation and extend
lifespan in the 231-BR breast cancer brain metastasis model
system (p = 0.038).>” This preclinical work has led to a Phase
I clinical trial investigating this combination in patients with
brain metastasis (NCT00838929, www.clinicaltrials.gov).

The molecular pathways described above identify some of
the important findings and considerations for translational
research for brain metastases. The research suggests the
hypothesis that it might be more realistic to prevent the met-
astatic colonization of the brain than to reduce the size of an
already established brain metastasis. To this end, it would be
beneficial if preclinical drug studies clearly tested an agent
when given just after tumor cell inoculation as well as after
micrometastases or large metastases had formed. This would
identify a drug as a prevention or a treatment agent. This type
of experiment was performed with vorinostat in the 231-BR
model system. When drug treatment was delayed until after
the formation of micrometastases, a progressive loss in effi-
cacy was observed compared with an experimental group
that received vorinostat immediately following tumor cell
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inoculation, indicating only a preventive effect for vorino-
stat.>® In contrast, most brain metastasis clinical trials are
conducted on patients with established metastases, and the
drug is asked to significantly decrease the size or volume of
a large tumor.

What kind of trial should be conducted when the preclin-
ical data are exclusively preventive? We favor a design enroll-
ing cancer patients with established brain metastasis, who
are therefore at high risk of the development of additional
brain metastases. Patients could be on chemotherapy, but
should not have received whole brain radiotherapy. The pri-
mary endpoint would not be shrinkage of the initial metasta-
sis, but time to progression, i.e., the development of a new
brain metastasis (personal communication, Minesh Mehta,
University of Wisconsin). These time-to-progression studies
could provide sufficient data to support a full metastatic trial,
which would involve greater numbers of patients and more
funding and time.

Close coordination between molecular biologists, medici-
nal chemists, BBB pharmacologists, radiation oncologists,
and medical oncologists will be needed to address the vital is-
sues of treating brain metastatic disease. New clinical trial de-
signs as noted above and novel preclinical approaches may be
needed. However, the potential for clinical benefit is great for
the population of at risk and affected patients.
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