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Background: Therapeutic approaches in the treatment of metastatic systemic brain 
tumors from breast cancer have improved. As patients live longer, the potential for CNS 
sanctuary disease increases. Metastases to the brain are diagnosed in breast cancer patients 
at a rate of 10 to 20%. Median survival is only 3 to 12 months with current standard 
therapies of whole-brain radiotherapy, surgery and stereotactic radiosurgery, and can vary 
with the type of treatment given. Chemotherapy and immunotherapy using trastuzumab 
may be more effective against brain metastases if delivery to the tumor can be improved. 
Results: The treatment was well tolerated with acceptable bone marrow toxicity. Median 
overall survival was 45.4 weeks and the majority of patients achieved symptomatic relief 
with reduction of steroids. Methods & objectives: We evaluated the use of osmotic 
blood–brain barrier disruption chemotherapy, with or without monoclonal antibody, for 
the treatment of brain metastases from breast cancer. We are interested in the prospective 
evaluation of the combination of a monoclonal antibody, trastuzumab, with enhanced 
delivery of carboplatin and methotrexate chemotherapy. Discussion: The use of 
carboplatin and methotrexate with blood–brain barrier disruption showed efficacy in the 
treatment of metastatic breast cancer to the CNS. This is comparable to other modalities, 
and without cognitive loss. Quality of life is improved with the withdrawal of steroids. 
Conclusion: The long-term goal is to use combined chemotherapy and immunotherapy 
with radiosurgery to increase survival and avoid complications from other treatments.

Background
Nature of disease & characteristics 
of diagnosis
Breast cancer is the most common malignancy in
North American women and the second most
common disease metastasizing to both brain
parenchyma and leptomeninges [1]. The National
Cancer Institute projected 211,240 new cases
and 40,410 deaths in 2005. The lifetime risk of
diagnosis with breast cancer in the USA is
approximately 13% and the risk of breast cancer
increases with age, doubling every 10 years up to
menopause. Breast cancer is the second leading
cause of cancer-related deaths in women and
ranks fourth as a cause of death from cancer
overall [2]. Almost all deaths from breast cancer
are due to metastatic disease. A total of
10 to 16% of women with high-grade breast can-
cer have metastasis when diagnosed, and it is esti-
mated that 20 to 30% of women with early stage
disease will progress to metastatic disease. As the
most common brain tumor in women, metastasis
is found in 30% of patients at autopsy [1,3–5].

The spread of metastatic disease is not ran-
dom, but requires methodic communication
among breast cells, stroma and surrounding
normal tissue at both primary and metastatic

sites. In order for metastasis to develop,
adhesion molecules, local mediators, hormones
and growth factors must all contribute [6]. Neo-
vascularization also assists in the metastatic
process. The localization of a patient’s meta-
static disease, extent of the disease, biologic
characteristics and the overall effect of treat-
ment, determines the success of disease control
and palliation. Survival time is also dependent
on response to prior therapy and hormone
receptor status. Marked progress has been made
in the past 30 years in the understanding and
treatment of breast cancer. As the efficacy of
diagnostic and therapeutic approaches has
improved, there is a decrease in mortality and
also an improvement in palliation and quality of
life (QoL) for women with metastatic disease
where cure is not a possibility.

In women whose tumors overexpress the
HER-2 oncogene, standard chemotherapy plus
the monoclonal antibody (mAb) trastuzumab,
as first-line treatment increases the time to dis-
ease progression (TTP), rates of objective
response and overall survival compared with
standard chemotherapy alone. Slamon and col-
leagues reported on a recent clinical trial of 469
women with HER-2 overexpression receiving
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trastuzumab and chemotherapy versus chemo-
therapy alone. Combination trastuzumab and
chemotherapy TTP (median 7.4 vs 4.6 months;
p < 0.001), demonstrated an increase in objec-
tive response (50 vs 32%; p < 0.001), a longer
duration of response (median 9.1 vs
6.1 months; p < 0.001), a lower rate of death at
1 year (22 vs 33%; p = 0.008), longer survival
(median survival: 25.1 vs 20.3 months,
p = 0.046) and a 20% decrease in death [7].
Adding a platinum drug to trastuzumab and
docetaxel has proven to yield a significantly
higher response rate and median TTP and is an
important clinical option in the management of
metastatic breast cancer patients [5]. An increase
in QoL was also found to be significantly
improved with trastuzumab and chemotherapy
versus chemotherapy alone. Of the 469 women
enrolled, 400 reported that combination ther-
apy significantly improved global QoL. The rate
of improvement was assessed with the European
Organization for Research and Treatment Care
QoL Questionnaire with a 51% improvement
with combination therapy versus 36% with
chemotherapy alone (p < 0.05) [8]. Trastuzumab
with combination therapy was effective in
reducing the relative risk of death by 20% at a
median follow-up of 30 months [7]. Vogel and
colleagues found that few studies have shown
that adding a single agent improves survival to
this degree [9].

With the introduction of trastuzumab for
treatment of HER-2-positive breast cancer, the
course of disease has changed. The incidence of
CNS metastasis has increased, with 34% of
women having brain metastasis at a median of
16 months after diagnosis of metastatic disease
and 6 months from the start of trastuzumab
therapy [10]. Dawson and colleagues published
an abstract at the June 1 2005 American Society
of Clinical Oncology (ASCO) meeting that
reported the high rate of CNS metastases in
women with HER-2-positive metastatic breast
cancer who had received trastuzumab and
chemotherapy [11]. In this retrospective study of
28 women, 11 (39%) were diagnosed with CNS
metastasis and nine of the 11 (82%) had control-
led systemic disease at the time of diagnosis. This
study concluded that there is a higher rate of
CNS metastasis in women whose cancer over-
expressed HER-2 (39 vs 10–16%). Treatment
with trastuzumab increased median survival to
greater than 2 years versus historical data of
median survival at less than 1 year without the
mAb. Saito and colleagues also published an

abstract that describes their retrospective study
of 57 women with 27 patients positive for
HER-2 [12]. Of the 27 women, 19 were treated
with trastuzumab and their results correlate with
Dawson [11]. Time from first recurrence to brain
metastasis was 17.4 months with trastuzumab-
treated women, compared with 8.3 months for
patients who did not receive the antibody. Sur-
vival after diagnosis of brain metastasis also
increased from 1.1 months for patients without
trastuzumab treatment compared with
9.8 months with mAb treatment.

In order to improve outcomes in breast cancer,
this change in the course of the disease must be
met with new treatments for breast cancer
metastasis to the brain. 

Approaches to treating metastatic breast 
carcinoma to the CNS
The main goals of treating metastatic disease are
palliation and extending survival. All treatment
options that provide control of symptoms and
prolong life with the least risk, least disruption of
lifestyle and improvement in QoL, should be
explored [6,13]. The median survival with meta-
static disease is 2 to 3 years but is shorter in
patients with disease of the liver, lung and brain.
The median survival of untreated breast cancer
patients with brain metastasis is only
4 to 6 months [13,14].

Metastasis is the most common brain tumor
and according to autopsy studies, a quarter of
cancer patients have intracranial metastases [3].
Approximately 100,000 patients have sympto-
matic intracranial metastases in the USA annu-
ally – it is five-times more common than the
incidence rate for malignant primary brain
tumors. The standard mode of treatment has
been surgical resection (if a single lesion) and
whole-brain radiotherapy (WBRT), which can
extend survival to 6 to 10 months after diagno-
sis. Stereotactic radiosurgery (SRS) has been
used as a salvage therapy to manage recurrent
metastasis after an initial resection or after the
failure of WBRT. The majority of patients
respond briefly to treatments, if at all, and the
recurrence rate after surgery and radiotherapy
(RT) is high [1,15].

Surgery for brain metastasis can improve sur-
vival, especially in patients with single lesions.
However, surgery may not be possible in the
face of multiple lesions, surgically inaccessible
lesions or patients with an inability to tolerate
surgery. In a patient with a single metastasis,
surgery is clearly beneficial in both survival and
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function, when compared with WBRT
alone [16,17]. Surgery and WBRT improves pro-
gression-free survival (PFS), but does not
change survival or level of function [18]. Reports
of median length of survival range from 10
to 21 months [16,17,19,20]; however, patients with
progressive extracranial disease may not receive
the same benefit as those with controlled extrac-
ranial disease [17]. With modern surgical tech-
niques, image guidance and neuroanesthesia,
extirpation of brain metastasis can be performed
safely and should be considered the treatment of
choice for single metastasis.

A patient with multiple brain metastases is
much less likely to be a candidate for surgical
resection of disease. In breast cancer, 50% of
patients with brain metastasis have multiple
metastases. Some of these patients are surgical
candidates and in one series, 26% of the patients
treated with surgery had multiple metastases [19].
Surgical removal of a single metastasis in a
patient with multiple metastases may provide
palliation and help improve neurologic deficits
related to that single metastasis.

WBRT for brain metastasis
In patients who are not candidates for surgery or
radiosurgery, WBRT may improve median sur-
vival over no treatment. As an adjuvant to sur-
gery, it reduces the recurrence rate and chances
of dying a neurologic death, but does not
improve survival [18]. The long-term sequelae of
WBRT may become more problematic in
patients with better control of their extracranial
disease, as their survival lengthens. With
improved systemic therapies, the long-term
sequelae of WBRT will become increasingly
important [21,22].

Stereotactic radiosurgery
SRS provides a method of treating brain meta-
stasis that may be surgically unresectable, either
by location or patient condition. One direct com-
parison study showed that surgery was superior in
survival to SRS [19]. SRS with WBRT has also
been studied and showed a survival benefit in
patients with a single metastasis. These patients
also had reduced steroid use and improved func-
tional scores [23]. Other studies have also shown a
survival benefit to SRS and WBRT when com-
pared with WBRT alone [23,24]. The Radiation
Therapy Oncology Group (RTOG) 9508 Phase
III trial provides the first level I data that supports
the use of SRS in a select population with notably
unresectable single metastasis. SRS provides an

improvement in QoL but does not provide
survival benefit, except in patients with a single
metastasis [25].

Toxicity of therapies & the need 
for alternatives
Surgery may lead to complications such as neuro-
logic deficits, bleeding and infection. However,
these sequelae are generally limited to the peri-
operative period. The majority of patients with
brain tumors have neurologic and neurocognitive
impairment that can have a dramatic impact on
QoL [26]. WBRT and SRS may lead to long-term
complications that are more troublesome to the
patient. Headaches, nausea and fatigue are a few
of the acute toxicities associated with WBRT.
Long-term toxic sequelae of WBRT include the
risk of developing progressive dementia, ataxia
and urinary incontinence [27]. Magnetic reso-
nance imaging (MRI) and computed tomogra-
phy (CT) images have identified cortical atrophy
and hypodense white matter changes with the
most probable cause being demyelination second-
ary to irradiation. In brain metastases resulting
from breast cancer, the relative contribution of
the tumor mass, surgery, chemotherapy and radi-
ation to cognitive impairment remains unknown.

The use of sensitive, neurocognitive tests cou-
pled with novel neuroimaging approaches holds
promise for addressing some of these issues [28].
Correa reviewed a series of patients from the
Sloan–Kettering Cancer Center (NY, USA)
diagnosed with primary CNS lymphoma and
treated with and without methotrexate (MTX)
and WBRT [21]. The study examined cognitive
functions and QoL of survivors. The conclusion
acknowledged more cognitive dysfunction for
patients treated using WBRT with or without
chemotherapy, than in patients treated with
chemotherapy alone. The damage to the CNS is
often irreversible and progressive, and appears to
increase with age and radiation dose. This is
thought to be the result of vascular injury which
causes ischemia of the surrounding tissue, demy-
elination of white matter and necrosis. These
lesions may even be seen on MRI [29]. The QoL
for these patients may also be reduced [22]. SRS
may lead to radiation necrosis, which can lead to
further diagnostic conundrums, although this
problem may be reduced by magnetic resonance
spectroscopy (MRS). However, given these tox-
icities and the limitations of each therapy,
patients may have a preference that leads them to
a particular treatment. For some, this may be a
fear of surgery or of radiation. For others, ease of
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treatment and length of anticipated hospital stay
may also be factors. While there are unique fac-
tors to be considered in patients with metastatic
disease, repeated cognitive testing may provide a
better understanding of the mechanisms of
neurotoxicity, the etiology of the cognitive
impairment, its course over time and relation-
ship to functional status. In patients with cogni-
tive and short-term memory deficits, evaluation
by a neuropsychologist is recommended.

The need to develop other treatment options
for patients with brain metastasis led to the
research of chemotherapy. The intact
blood–brain barrier (BBB) precludes the passage
of large molecular-weight compounds, thus
restricting most chemotherapy agents [1].
Chemosensitive tumors often show complete sys-
temic responses to chemotherapy concomitant
with tumor progression in the brain. Early
chemotherapy trials by Rosner and colleagues [30]

and those reported by Lin [1], document response
rates as high as 50% and median duration of
response of 7 months. These results were
repeated by Boogerd and colleagues [31] with a
response rate of 59% in 22 patients [1]. Cisplatin
levels have been measured in metastatic brain tis-
sue at autopsy with the platinum concentration
generally decreasing with increasing distance into
the brain from the tumor [32]. These autopsy
results lend credence to a dysfunctional BBB in
patients with metastatic lesions. There are few
chemotherapy agents that cross the BBB, and by
virtue of this, most active agents used in treating
systemic breast cancer poorly cross the BBB.

Chemotherapy
Chemotherapy is indicated as the initial interven-
tion for breast carcinoma patients with sex hor-
mone receptor-negative tumors and as the next
intervention for patients with sex hormone-
receptor-positive tumors that have not responded
to hormone therapy. Combination chemotherapy
yields a higher response rate and a more prolonged
response than using single-agent chemotherapy.
The overall response rate for chemotherapy is 50 to
60%; however, only 15 to 20% of women realize a
complete remission. First- and second-line chemo-
therapy with taxanes and anthracyclines has proven
to be effective and these substances are often used as
single agents. Response rates range from 50 to
60%. Capecitabine, gemcitabine and vinorelbine
are also frequently used, either as single agents or in
combination, yielding response rates of between 20
and 25%. Gemcitabine has shown synergy with
trastuzumab and platinum salts against breast

cancer cell lines [33]. The loss of the BRCA1 gene in
p53 deficient cells is associated with increased sensi-
tivity to the topoisomerase I  and II agents, and to
the platinum compounds, carboplatin and oxalipl-
atin. However, there is not the same sensitivity to
antimetabolites and taxanes [34]. A recent Phase III
study reported by Albain demonstrated the superi-
ority of combination paclitaxel and gemcitabine
over monotherapy [35,36]. 

Prior reluctance to use chemotherapy for
brain metastasis came from concerns over the
ability of chemotherapy drugs to cross the BBB
and penetrate tumor cells as well as the intrinsic
chemoresistance of metastatic disease. Metastatic
breast carcinomas are somewhat chemosensitive
and have been found to respond fairly well to
chemotherapy drugs [3]. It has been found
through animal studies that metastatic tumors
that are strongly enhancing on imaging studies
have a partially impaired BBB and therefore
chemotherapy drugs can invariably enter into
the tumor. This indicates that systemic resistance
to chemotherapy drugs does not necessarily
mean that metastatic brain lesions will be
chemoresistant to the same drugs, for example
MTX. Oncologists are beginning to use drugs as
a first-line approach or in conjunction with RT.
An early study by Cocconi and colleagues inves-
tigated metastatic disease from breast, small-cell
lung carcinoma and malignant melanoma, and
the response to intravenous cisplatin and
etoposide [37]. In this study there were 56
patients with metastatic breast cancer with seven
complete responses (CRs) and 14 partial
responses (PRs). The overall objective response
was 30% with a median TTP of 15 weeks and
median survival of 27 weeks for the three tumor
types. A historical study by Rosner and col-
leagues used upfront cyclophosphamide-based
chemotherapy with breast metastases [30]. A total
of 52 women were studied using cyclophospha-
mide, 5-fluorouracil (5-FU) and prednisone.
Another 35 women received MTX, vincristine
and 5-FU along with daily oral cyclophospha-
mide and prednisone. Objective responses were
noted by CT or radionuclide brain scan in less
than 50% of these patients with 10% CR and
40% PR. Median survival of patients was
39.5 months for patients with CR and
10.5 months for those with PR [30].

Toxicity of chemotherapy & immunotherapy
The potential for significant cardiac toxicity from
doxorubicin can present with fatigue and dyspnea
on exertion and arrhythmias which may be life
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threatening. Dose-related delayed cardiomy-
opathy presents with congestive heart failure
(CHF) symptoms and may be irreversible.
Cardiotoxicity may take years to present itself.
However, the use of liposomal doxorubicin for-
mulations is associated with acceptable cardiac
toxicity in conjunction with good overall response
(OR) rates [36]. Trastuzumab can also result in
ventricular dysfunction and CHF. This may be
severe and has been associated with disabling car-
diac failure, death and thrombosis leading to
stroke. A decrease in left ventricular function war-
rants discontinuation of the agent. The incidence
and severity of cardiac dysfunction is high in
patients who have received trastuzumab in combi-
nation with anthracyclines and cyclophospha-
mide. This is also seen in combination with
paclitaxel. Anthracyclines used in combination
with cyclophosphamide have documented cardio-
toxicity, although the addition of trastuzumab
significantly increases the toxicity.

The ability of chemotherapy agents to cross
the BBB is limited, yet neurologic toxicities can
occur to healthy brain tissue when agents are
delivered directly to the brain. For example,
delivery of even a dose as low as 0.1 mg/kg adri-
amycin across the BBB, causes significant neuro-
toxicity in dogs [38]. Liposomal doxorubicin
achieves 14-fold higher concentration in brain
tumors and ten- to 30-fold higher concentra-
tions in the cerebrospinal fluid (CSF) than free
doxorubicin [1].

Chemotherapy may also lead to neuropsycho-
logic dysfunction in a significant number of
patients. Chemobrain is the popular term for the
subtle cognitive dysfunction experienced by up
to 25% of cancer patients who receive chemo-
therapy for non-CNS neoplasms. An unresolved
question is whether cognitive impairment is
attributable to specific chemotherapeutic agents
or is a result of a combination of these, and if
certain brain structures are predominantly
affected. Mechanisms for chemobrain may
involve chemotherapy or reactive oxygen species
(ROS)-induced injury of the BBB, followed by
leakage of neurotoxic agents into the brain
and/or inflammatory response [39,40].

Methotrexate-based chemotherapy
MTX is an antimetabolite agent used in the
treatment of solid tumors and in the treatment
of leukemia and lymphoma. MTX has proven
effective penetration and cytotoxic activity at
brain levels that are only 3 to 5% of plasma lev-
els. MTX is a mainstay of BBB disruption

chemotherapy due to its lack of neurotoxicity
when delivered across the BBB. Prior to the use
of taxanes and anthracyclines, MTX was used as
adjuvant therapy for breast carcinoma and given
in combination with other antineoplastic agents
(e.g., cyclophosphamide, 5-FU, vincristine and
prednisone). Cyclophosphamide, MTX and
5-FU (CMF) was a commonly used regimen
with a response rate of 50 to 60%; however, only
15 to 20% had evidence of complete
remission [41]. This regimen provided substantial
palliation with tolerable toxicity. Lassman and
colleagues report on the Sloan–Kettering Cancer
Center series of 24 women with parenchymal
and/or leptomeningeal CNS metastases. This
patient cohort confirmed the tolerability of
high-dose MTX and although median survival
was only 3.5 months, 75% of the patients
initially have improved and remained stable [42].

Carboplatin-based chemotherapy
Platinum complexes are active in a wide range of
solid tumors. Both cisplatin and carboplatin
have shown activity in breast cancer. Carboplatin
may be the more appropriate choice for treat-
ment of metastatic disease, as it causes less severe
nonhematologic toxicities. Two independent
Phase II studies have shown that the combina-
tion of carboplatin and docetaxel is active in the
first-line treatment of metastatic breast cancer.
Brufsky and colleagues studied 40 women with
advanced breast cancer in a Phase II trial evaluat-
ing 3-week dosing of docetaxel (75 mg/m2) and
carboplatin [43]. An OR rate of 59% was
observed in 39 evaluable patients with six CR
(15.4%), seven PR (43.6%) and nine stable dis-
ease (SD) (23%). The mean duration of response
was 8.8 months and the mean TTP was
6.5 months. The primary toxicity was hemato-
logic. The North Central Cancer Treatment
Group (NCCTG) Phase II study evaluated the
role of carboplatin and docetaxel as first-line
therapy for metastatic breast cancer. This study
enrolled 53 women irrespective of HER-2 status.
The chemotherapy doses and dosing regimen
was the same as the Brufsky Phase II trial [43].
The OR rate was 58% with three CR and 28 PR.
The mean TTP was 9.8 months and the 1-year
survival rate was 72% [7]. In four Phase II studies
of previously untreated patients with metastatic
breast cancer, single-agent carboplatin produced
objective response rates of 20 to 35%. Incorpo-
ration of carboplatin as a standard agent in first-
line treatment of metastatic cancer has support
from several recent studies [5].
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Clinical studies of chemotherapy delivery
Despite decades of experience with brain tumor
chemotherapy, the pharmacology of the delivery
of chemotherapeutics for the treatment of CNS
breast metastases and other CNS neoplasms is
not well characterized. The BBB consists of the
tight junctions between endothelial cells that
line the cerebrovasculature [44]. These tight junc-
tions block access of blood-borne agents, such as
chemotherapeutics, from the brain. Barrier
permeability is determined by molecular weight
and lipid solubility, and is particularly low to
high molecular weight agents such as antibodies.
A leaky blood–tumor barrier (BTB) develops in
the neovasculature of tumors; however, barrier
integrity in and around metastasis is highly
inconsistent. Delivery across the BBB and BTB
is complicated by inhomogeneous blood flow to
the tumor and normal brain, efflux pumps such
as p-glycoprotein, as well as the molecular
weight, chemistry and toxicity of chemothera-
peutics. MTX is thought to cross the BBB well,
yet measurements indicate that tumor and CSF
MTX concentrations are only approximately
3% of blood levels, indicating very low BBB
permeability [44]. MTX is effective against brain
tumors, as such large systemic doses can be
administered that a therapeutic dose leaks across
the BBB into the tumor. Few studies have been
carried out to measure the brain delivery of
other agents. Intrathecal administration is likely
to be poorly effective against tumors in the brain
parenchyma as diffusion will only reach a few
cells in diameter, and the positive pressure in a
tumor compared with a normal brain limits
fluid flow into the tumor. Agents that require
activation such as cyclophosphamide, etoposide
phosphate or cytarabine, make studies investi-
gating the delivery of an active drug after intra-
venous infusion difficult to assess using just
radiolabelling. The taxanes (e.g., paclitaxel or
docetaxel) are used for the treatment of CNS
breast metastasis, as these lipid soluble agents are
thought to pass the BBB and BTB easily. How-
ever, when delivery of taxanes is optimized with
BBB disruption in a rat model there is signifi-
cant neurotoxicity, and the maximum tolerated
dose (MTD) is less than 10% of the normal
clinical dose [unpublished data], suggesting that the
taxanes are not in fact leaking into the brain.
Altogether, these data point to the need for clin-
ical trials to assess delivery of an active drug to
evaluate chemotherapeutic pharmacology, and
to provide a more solid basis for metastasized
CNS breast cancer chemotherapy.

The impact of molecular weight on delivery 
across the BBB
The variable penetration of chemotherapeutic
drugs into the brain and tumor is more depend-
ent on lipid solubility than size. Greig reviewed
the issue of parameters which determine CNS
delivery and found that lipid solubility was the
most important parameter, followed by molecular
weight less than 500. For CNS penetration,
appropriate solubility is key – water-soluble drugs
penetrate poorly as do drugs that are too lipid sol-
uble [45]. For instance, lapatinib [46,47] is an inter-
esting new agent for metastatic breast cancer,
which is both an inhibitor of epidermal growth
factor receptor (EGFR) and HER-2, and is being
pursued for CNS breast metastasis. However, its
lipid solubility may be too high.

In contrast, the molecular weight of virus- and
tumor-specific mAbs appears to limit uptake. In
order to compare tumor uptake of an iodinated
contrast agent, eight subjects with malignant
brain tumors were evaluated by CT scanning,
then for uptake of the low and high molecular
weight-imaging agents 99mTc-glucoheptonate
and 99mTc-albumin were measured by radio-
nuclide brain scanning (Figure 1) [48]. The agent
99mTc-albumin was chosen for evaluation
because its molecular weight (68,000) is similar
to that of the most clinically promising mAb
fragment, the immunoglobulin (Ig)G Fab mon-
omeric fragment. The radionuclide brain scans
in the eight subjects showed a highly variable
permeability of brain tumors to these markers,
with uptake of the high molecular-weight
marker in the tumor being much less than that
of the low molecular-weight radionuclide. A
clinical implication of these studies is that the
success of mAb therapy in the treatment of
malignant brain tumors may require techniques
to increase the permeability of the BBB and BTB
to protein [48].

Blood–brain barrier disruption
The BBB is responsible for suboptimal drug
delivery to CNS tumors and often negligible
delivery to brain distant to tumor. The tight
junctions between the endothelial cells selec-
tively permit the passage of lipid-soluble drugs
with weak protein binding or substances with
low ionization. Efficacy of chemotherapy can be
affected by the route of administration. Intra-
arterial administration can increase both local
plasma peak concentration and local area under
the concentration–time curve versus intravenous
administration. Intratumoral concentrations of
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five grade 3–4 complications during 215
procedures. The procedural complication rate
was 4%.

A total of 25 patients underwent 215 proce-
dures. Median overall survival of the cohort
was 45.4 weeks (95% confidence interval: 15.7
to 69.0 weeks). Of these patients evaluable for
response, four had objective responses (CR or
PR) for a response rate of 16%, 15 had SD
(60%) while the other six had progressive dis-
ease (PD) (24%). Median TTP, as summarized
in Figure 4 was 4.13 months (95% confidence
interval: 2.15 to 7.07 months). The 6-month
PFS was 32% and the 12-month PFS was
12%. PFS was observed in one patient for
18 months.

Assessing the symptomatic relief from reduc-
tion of steroids, six had complete withdrawal
(30%), five had a 50% withdrawal (25%) and
three had partial withdrawal (15%). Three
patients (15%) had no change in steroid levels
and three (15%) had increased steroid levels. The
majority of treatment-related toxicity was bone
marrow toxicity. Grade 3–4 hematologic toxicity
occurred in 21 patients and all of these patients
had prior systemic therapy. In general, BBB dis-
ruption in conjunction with chemotherapy was
well tolerated.

Discussion
The use of carboplatin and MTX-based chemo-
therapy with BBB disruption-enhanced delivery
demonstrates efficacy against brain metastasis
from breast cancer. The response rate, TTP and
survival times calculated from the initiation of

chemotherapy are comparable to other treatment
modalities without the side effects of WBRT on
cognitive function. The regimen is generally well
tolerated and has an acceptable complication
rate. The BBB disruption procedure, where
patient condition allowed, proved to be safe and
afforded symptomatic relief as measured by with-
drawal of steroids. Among the adjuvant therapies,
front-line sequencing of the chemotherapy for
brain metastasis may prolong the survival time
for these patients and allow us to better assess
potential efficacy. Also, patients with favorable
prognostic factors (e.g., young age and good
functional status), or those who have sanctuary
CNS metastases as a result of low drug penetra-
tion, may benefit from BBB disruption chemo-
therapy. Median survival of this patient cohort
was greater than 10 months. The survival times
with both carboplatin and MTX regimens sup-
port the evidence that the use of BBB disruption
with chemotherapy provides longer survival time
than WBRT without the neurologic sequelae. A
total of 70% of patients received symptom relief
from steroids, either with a complete or partial
withdrawal, with resulting improvement in QoL.
During the months of BBB disruption, seven
patients were receiving intravenous trastuzumab,
without toxicity and possible increased antibody
delivery to the CNS due to the long plasma half-
life. Trastuzumab is effective in maintaining sta-
ble systemic disease but has poor penetration to
the CNS, although this may be improved by BBB
disruption. Delivery to brain tumors of chemo-
therapeutic drugs may be improved, but at the
cost of neurotoxicity. Based on the results of our
pilot data, combining MTX and carboplatin with
trastuzumab may enhance efficacy if delivery can
be increased with BBB disruption. Conversely,
increased delivery of other standard breast cancer
drugs to the brain is unlikely to help due to
neurotoxicity. This is exemplified by drugs such
as taxanes and anthracyclines.

Expert commentary & conclusion
Brain metastases occur in approximately 15% of
breast cancer patients. Risk factors for brain
metastases include young age and estrogen
receptor negative tumors [1,58,59]. The incidence
appears to be increasing as a sanctuary site as sys-
temic control improves, particularly for patients
receiving trastuzumab with HER-2 amplified
tumors [1,10,60]. Survival for women with meta-
static breast cancer will not increase in response
to systemic tumor control, until the issue of
CNS sanctuary for breast cancer tumor cells is

Table 2. Toxicity information for seven patients treated with 
trastuzumab and methotrexate or carboplatin-based 
chemotherapy.

Toxicity Grade 3* events
(patients)

Grade 4* events
(patients)

Neutropenia 2 (2) 11 (5)

Febrile neutropenia 0 0

Thrombocytopenia 1 (1) 4 (2)

Anemia 1 (1) 0

Infection 0 0

Nausea and/or vomiting 0 0

Neurologic 0 0

Pulmonary edema 2 (1) 0

DVT/PE 0 0

Cardiac MI 0 2 (1)
*National Cancer Institute common toxicity criteria.
DVT: Deep vein thrombosis; MI: Myocardial infarction; PE: Pulmonary embolism.
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solved. Such CNS therapy must not only control
CNS metastasis but do so in a fashion that does
not injure the normal brain and compromise the
QoL of these patients.

Several major avenues of research are under-
way which have the potential to discover the
basic mechanisms underlying brain metastasis,
develop rational targeted therapies and improve
patient survival and QoL.

Outlook
Clinical trials in patients with metastatic breast
cancer have for the first time shown not only
responses but increases in survival time with the
use of macromolecular biologic therapeutics
such as trastuzumab in conjunction with
chemotherapy [5,7]. Along with this increase in
survival, an increase in the incidence of CNS
metastasis has been observed in those HER-2
positive patients receiving trastuzumab. This
suggests the importance of the BBB in prevent-
ing access to the therapeutic antibody [7,10,11]. A
report from a National Cancer Institute (NCI)
and National Institute of Neurological Disor-
ders and Strokes (NINDS) consensus group of

experts advising the National Institutes of
Health (NIH) regarding brain tumor issues,
pointed out that even though brain metastases
are five times more common than primary brain
tumors, the NIH portfolio of grants was nearly
devoid of funded proposals dealing with CNS
metastatic disease.

The current therapy for metastatic breast can-
cer to the CNS is inadequate. Patients with one
to three accessible lesions undergo neurosurgical
resection, particularly if the lesions are sympto-
matic and if the patient’s overall condition war-
rants. Alternatively, SRS can be used either
postoperatively and/or for inaccessible lesions.
Even so, many patients have further CNS recur-
rences unless WBRT is employed, which carries
with it unacceptable cognitive sequelae, particu-
larly in older patients and patients with
extended survival. Chemotherapy, despite a few
intriguing reports, is not routinely used due to
generally poor delivery across the BBB. There-
fore, there is a critical need over the next 5 years
to address delivery issues to the CNS and to
develop novel biologic and targeted therapies
based on translational studies. Several major

Figure 4. Kaplan–Meier plot of time-to-progression from first day on study therapy. 

Among 25 patients with breast cancer metastases, 14 received BBB disruption therapy, eight received only 
intra-arterial therapy and three received both intra-arterial and BBB disruption therapy. Intra-arterial therapy 
was used when functional status was low or risk factors were unacceptable. Ten patients received only 
carboplatin-based regimens, ten received only MTX-based regimens and five received a regimen based on 
either carboplatin or MTX and were switched to a regimen based on the other of these.
BBB: Blood–brain barrier; MTX: Methotrexate.
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avenues of research are underway which have
the potential to discover the basic mechanisms
underlying brain metastasis, develop rational
targeted therapies, and improve patient survival
and QoL.

Directions for preclinical research include
the development of animal model systems for
brain metastasis which more closely resemble
the clinical situation. It is important that mod-
els match human cancers in terms of clinical
heterogeneity at the molecular level, but also
that they target the brain to the same extent as
that which occurs in patients. A mouse model
of brain metastasis has been tested that may be
useful for molecular and preclinical experi-
ments. MDA-231 human breast carcinoma
cells have been selected for brain metastatic
propensity [61,62]. Imaging studies of these cells
labeled with green florescence protein, luci-
ferase or superparamagnetic iron oxide nano-
particles can demonstrate mechanisms of
micrometastasis and therapy. This model was
used to demonstrate a role for EGFR in the
growth of human breast cancer brain
metastasis [61]. Mutants of brain seeking meta-
static breast cancer cell lines may be useful for
determining the role of HER-2 or estrogen
receptor mutant expression or overexpression in
brain metastasis and therapeutic response.
In vitro and in vivo model systems will be used
to test the contribution of chemokines, cellular
immune responses, phosphatase and tensin
homology, histone deacetylase inhibitors and
signaling pathways in metastatic aggression.

Mechanisms by which tumor cells cross the
BBB, formation of a BTB, and the expression
and function of the BBB, BTB efflux and nutri-
ent uptake transporters should be investigated
to characterize the nature of the BBB and BTB
in breast cancer metastasis. Studies should
address fundamental properties of the BBB and
BTB, including its molecular characteristics,
permeability and the pharmacokinetics of drug
entry [63]. Molecular analyses of brain meta-
static lesions may identify additional molecular
pathways of translational interest. Translational
approaches to the BBB and BTB include the
development of mAbs or ligands to BBB and
BTB proteins, the development of BBB and
BTB permeabilization strategies, and the devel-
opment of nanoparticle drug delivery
devices [64]. Novel therapeutics and rational
combination therapy approaches will be tested
in tumor-based translational strategies. For
example, therapies targeting HER-2, such as

trastuzumab or herstatin, could be delivered to
brain metastases by BBB disruption in combi-
nation with RT or conventional chemotherapy.
Research is needed to identify and test addi-
tional molecular therapeutics to control or
eliminate micrometastases in the brain. Phar-
macokinetic studies will determine brain,
metastasis, brain adjacent to tumor and plasma
levels of drugs.

Clinical research over the next 5 years will
address the molecular and cellular characteris-
tics of breast cancer brain metastasis. Surgical
material must be collected for gene array, pro-
teomics, pathology and endothelial investiga-
tions. Formalin-fixed and paraffin-embedded
tissue blocks must be collected for array and
immunohistochemistry. Microarray analysis of
resected brain metastasis will identify gene
expression and proteomic signatures for his-
topathologic criteria, HER-2 amplified versus
unamplified brain metastasis, and estrogen
receptor positive versus negative brain metasta-
sis. It will be essential to have series of matched
EGFR brain metastasis and primary tumors as
well as tumor samples from long-term
(>5 years) survivors of brain metastasis for
genomics and proteomics analysis.

Treatment strategies for the future will involve
a combination of targeted therapeutics with con-
ventional approaches, and innovative delivery
mechanisms. The Oregon Health and Science
University and National BBB Disruption con-
sortium will apply osmotic BBB disruption to
breast cancer brain metastasis for the delivery of
conventional chemotherapeutics and for targeted
therapies such as anti-HER-2 antibodies (trastu-
zumab) or peptide inhibitors (herstatin) [52,64].
We are developing a prospective evaluation of
trastuzumab, with HER-2 positive tumors, with
BBB disruption. A new protocol combining car-
boplatin, MTX and trastuzumab is being written
with the long-term goal of combining chemo-
therapy and immunotherapy with SRS and
avoiding WBRT to address the delivery problem
across the BBB [65].

There have been three recent publications
supporting the use of chemotherapy for CNS
metastases. Peereboom discussed the sensitivity
to chemotherapy and the importance of MTX in
treating CNS breast cancer metastases, as well as
the need for novel delivery techniques [66].
Lassman and colleagues reported on the
Sloan–Kettering Cancer Center results using
high dose MTX for CNS breast cancer metas-
tases and tumor sensitivity [67]. Finally, Burstein
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and colleagues presented two large studies on
CNS progression in women with breast cancer
and HER-2 overexpression [68]. It was concluded
that patients with HER-2 overexpression who
were also on trastuzumab are at greater risk of
developing CNS disease. These three articles are
consistent with our goal of using BBB disruption
to enhance delivery of trastuzumab, MTX and
carboplatin chemotherapy.
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Highlights

• As metastatic breast carcinoma has become a chronic disease, brain metastases are increasing as a 
sanctuary site.

• Current treatment regimens include surgery, whole-brain radiotherapy, stereotactic radiosurgery and 
chemotherapy.

• The role of trastuzumab/herstatin.
• Current research and new avenues of research.
• Goal of treatment with chemotherapy: BBB disruption and trastuzumab and improvement in quality 

of life.
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