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Abstract
We aim to investigate the incidence, patterns and timing of brain metastases in advanced breast cancer patients who have
previously received trastuzumab. Eighty-seven patients who had received trastuzumab for advanced breast cancer from
November 1999 to September 2003 at the Royal Marsden Hospital were assessed. With a median follow-up period of 11
months from commencing trastuzumab, 23 patients developed brain metastases (30% at 1 year; 95% CI 58�/82%). Among
57 patients who had clinical benefits on trastuzumab, 12 (21%) patients developed first disease progression in brain with
75% of them had isolated CNS progression. Moreover, among patients who received trastuzumab as first line treatment,
isolated brain metastases were the initial site of progression in 17% patients. Nearly all patients developed parenchymal
brain disease. This study shows brain metastases are common phenomenon in HER2 positive advanced breast cancer
patients receiving trastuzumab and also may implicate the brain as a sanctuary site for early relapse in this patient cohort.

HER2 is a member of the erb-B epidermal growth

factor receptor tyrosine kinase family. It is over-

expressed in 20�/30% of human breast cancers [1].

Clinically, its over-expression is an independent

adverse prognostic factor and is associated with an

aggressive clinical course and poor survival in breast

cancer patients [2].

Trastuzumab is a humanised monoclonal antibody

that binds with high affinity to the extra-cellular

domain of HER2. It is active and well tolerated as a

single agent in patients with HER2 positive (�/)

metastatic breast cancer with a response rate of 11�/

26% [3]. Pivotal phase III trial has demonstrated

that its use in combination with chemotherapy

results in a significant improvement in survival,

time to progression, and response [4]. Moreover,

trastuzumab in combination with the vinorelbine or

platinum salts augments response rates [5,6].

Historically, the incidence of clinically apparent

central nervous system (CNS) metastases in patients

with breast cancer is 10�/20%. The median time

from diagnosis of breast cancer to CNS metastases

was 33 months with 5 months median survival time

once diagnosed with cerebral involvement [7]. Brain

metastases are usually associated with negative

estrogen and progesterone receptor status, young

age and the presence of visceral metastases in

historical cohorts [8].

HER2-expressing tumours may have a predilec-

tion for brain metastases. Kallioniemi and colleagues

demonstrated that HER2 �/ve disease is associated

with a different pattern of metastatic spread and

those with over-expression of HER2 gene metasta-

sized three times more often (p�/0.0002) to brain

[9]. Furthermore, HER2 over-expression was shown

to be a predictive factor for CNS metastases in

advanced breast cancer [10]. The CNS may repre-

sent a sanctuary site at risk for disease relapse due to

the presence of the blood brain barrier (BBB), which

prevents CNS penetration of molecules with mole-

cular weight greater than 200 daltons. Monoclonal

antibodies such as trastuzumab with a molecular

weight of 145 000 daltons may not therefore cross

the BBB, as evidenced by low CSF levels [11].

Bendell et al. [12] reviewed a cohort of 122

patients with metastatic breast cancer who received
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trastuzumab and reported a 34% incidence of brain

metastases. However, this study did not accurately

determine HER2 status and assumed that patients

had HER2 positive metatstatic breast cancer if they

received trastuzumab. Similar results were reported

by Clayton et al. [13] demonstrating the develop-

ment of cerebral metastases in 25% of patients

treated with trastuzumab. Other studies [14] have

reported similar findings. In contrast, recent studies

by Lower et al. [15] and Lai et al. [16] did not find a

higher incidence of brain metastases in metastatic

breast cancer patients who had previously received

trastuzumab.

This issue is important as there is likely to be a

substantial increase in the number of patients

receiving trastuzumab in the neo-adjuvant and

adjuvant setting in the near future. If the CNS is a

sanctuary site of disease and early relapse in patients

with HER2 �/ve disease despite trastuzumab ther-

apy, additional therapeutic strategies should be

considered in this patient group.

We therefore aim to investigate the incidence,

patterns and timing of brain metastases in patients

with advanced breast cancer who have previously

received trastuzumab.

Patients and methods

Ninety-four patients who had received trastuzumab

for treatment of advanced breast cancer (defined as

locally unresectable recurrence or metastatic dis-

ease) at the Royal Marsden Hospital (RMH), NHS

Trust from November, 1999 to September, 2003

were identified retrospectively from pharmacy re-

cords. Seven patients who developed brain metas-

tases before the start of trastuzumab were excluded

leaving 87 patients for analysis.

Diagnosis of advanced breast cancer was made by

both clinical examination and radiological staging.

Biopsy of the metastatic sites was performed only in

the event of diagnostic uncertainty. All patients with

either locally unresectable recurrence or metastatic

disease were tested for HER2 during the study

period if the tissues were available. Herceptest was

used throughout the whole study period for immu-

nohistochemical staining of HER2. HER2 positivity

was defined as either HER2 3�/ve by immunohisto-

chemical staining or HER2 2�/ve and FISH �/ve.

Computerized tomography (CT) scan and /or mag-

netic resonance imaging (MRI) scan was used to

diagnose brain metastases.

Information collected retrospectively from the

computerised hospital information system and

from the patients notes, included demographic

data, details of primary tumour including nodal

and ER status, date of recurrence and treatments

for advanced disease. The sites of disease at the start

of trastuzumab, the duration of treatment response,

site of progression and last follow-up were also

recorded.

All patients received trastuzumab at 4 mg/kg as a

loading dose and then 2 mg/kg weekly or 8 mg/kg

loading dose followed by 6 mg/kg three-weekly

thereafter until disease progression. Response to

trastuzumab was determined by both clinical exam-

ination and radiological findings. Response was

categorized as complete response (CR), partial

response (PR), stable disease (SD) or progressive

disease (PD) according to the UICC criteria. Pa-

tients were classified as deriving clinical benefit on

trastuzumab if they showed CR, PR or SD.

Statistical Analysis

CNS metastases free survival was measured from the

start of trastuzumab until the diagnosis of metas-

tases. Survival curves were calculated by the method

of Kaplan-Meier. Prognostic factors [including age

and nodal status at primary presentation, ER status,

adjuvant therapy, line of trastuzumab treatment,

type of treatment (single agent or in combination

with chemotherapy) and sites of disease at time of

trastuzumab treatment] for the development of CNS

metastases were investigated in a univariate analysis

and differences between patients with and without

CNS metastases were assessed by means of the log

rank test. The proportional hazards model was used

to calculate the relative risk (RR) of developing CNS

metastases.

Results

A) Demographics

Table I details the demographic data of the 87

patients. The median age at the time of presentation

of the primary breast cancer was 49 (range 26�/90).

The majority of patients had underlying invasive

ductal carcinoma (n�/80). Forty-one (47%) patients

had estrogen-receptor (ER) positive breast cancer.

Most patients had node-positive disease (n�/54) at

primary presentation. Nodal status could not be

evaluated in 20 patients; 13 of these patients

received neo-adjuvant treatment and axillary surgery

was not done in seven patients. Most patients

received adjuvant or neo-adjuvant chemotherapy,

in particular anthracycline-based regimes (n�/48).

At the time of starting trastuzumab, 62 patients

(71%) had visceral (liver or lung) involvement.

Sixty-seven patients had weekly Herceptin, 18 had

three weekly Herceptin and the schedule was not

known in two patients. The median duration of

trastuzumab treatment in our cohort was 31 weeks
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(Intequartile range 9�/44 weeks and range 1�/137

weeks).

B) Response and incidence of brain metastases

Four patients achieved CR, 31 patients achieved PR

and 22 patients had stable disease. However, 27

patients progressed, while three patients could not

be evaluated for response. 23 patients developed

brain metastases and the actuarial incidence of brain

metastases was 30% (95% CI 58�/82%) one year

after the start of trastuzumab. Brain metastases were

the first site of progression in 12 (21%) of the 57

patients who derived clinical benefit on trastuzumab,

with nine patients (75%) of them developing isolated

CNS progression. In contrast, brain metastases were

the initial site of progression in four (15%) of the 27

patients who did not derive clinical benefit on

trastuzumab with only two patients developing

isolated CNS progression.

Nearly all patients developed parenchymal brain

disease with the exception of one patient with

isolated leptomeningeal involvement. They all pre-

sented with neurological symptoms and diagnosis

was confirmed by CT, MRI scans or both. In most

cases, brain metastases developed within one year of

trastuzumab treatment (Figure 1). The median time

for development of brain metastases was 36 months

from primary diagnosis and 17 months from first

recurrence.

All patients received corticosteroids for brain

metastases, 19 underwent whole brain radiotherapy,

one received gamma-knife treatment followed by

radiotherapy, and two patients died before the

intervention of any treatment. One patient refused

cranial irradiation and was treated with corticoster-

oids only.

C) First site(s) of progression in patients who received

first line trastuzumab based therapy

Forty-three patients received trastuzumab as first

line treatment for their advanced breast cancer.

Twelve patients received it as a single agent and 31

patients received it together with chemotherapy.

Thirty-five patients derived clinical benefit on tras-

tuzumab therapy (2 CR, 21 PR and 12 SD). Of

these 35 patients, isolated CNS metastases was the

initial site of relapse in six (17%) patients.

D) Predictive factors for CNS metastases

Table II analyses the potential risk factors for CNS

involvement. No statistically significant factor was

found to be predictive of CNS disease. In particular,

ER status (p�/0.9) and the use of trastuzumab as a

single agent or in combination with chemotherapy

(p�/0.9) did not influence the likelihood of CNS

metastases. There was a trend towards a higher

Table I. Demographics of patients.

No of patients (%)

Total no of patients 87

Age at diagnosis

B/50 45 (52)

]/50 42 (48)

Histology

Invasive ductal 80 (92)

Invasive lobular 2 (2)

Others 5 (6)

ER status

�/ve 41 (47)

�/ve 46 (53)

PgR status *

�/ve 7 (8)

�/ve 47 (54)

missing 33 (38)

Nodal status

�/ve 54 (62)

�/ve 13 (15)

Not evaluable 20 (23)

Neoadj/ adjuvant treatment

Chemotherapy

None 18 (21)

Anthracycline-based 48 (55)

Non-anthracycline based 19 (22)

Unknown 2 (2)

Endocrine

None 50 (57)

Yes 37 (43)

Received Trastuzumab as

1st line 43 (49)

2nd line 24 (28)

3rd line (�/) 20 (23)

* PgR is normally only done in ER �/ve patients.
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Figure 1. Kaplan-Meier survival of patients without CNS metas-

tases.
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incidence of brain metastases in patients with

visceral disease at the time of trastuzumab treatment

(relative risk 2.3 with p�/0.09).

E) Impact of brain metastases on survival

The median survival of all patients in our cohort was

14 months from the start of trastuzumab. At the time

of analysis, 13 (57%) of the 23 patients with CNS

metastases had died. Ten of 13 (77%) patients died

due to progression of CNS metastases. The median

survival from the diagnosis of CNS metastases was

only four months. Figure 2 shows the survival of the

patients with CNS metastases compared to those

without metastases at the time of analysis.

Discussion

Our results show brain metastases are common

phenomenon among advanced breast cancer

patients who received trastuzumab based treatment.

This finding is in agreement with results from other

centres [12,13]. We further demonstrate that

patients deriving clinical benefit with trastuzumab

or on first line trastuzumab therapy are at risk of

suffering from isolated CNS relapse. These findings

may suggest that whilst trastuzumab achieves good

disease control at other sites, brain is a sanctuary site

for early relapse in patients on this treatment.

Table II. Prognostic factors for CNS metastases.

Total No CNS mets

Relative Risk of

CNS metastases 95% CI Significance

Patients 87 23

Age

B/50 45 7 1.0

]/50 42 16 1.1 0.5: 2.8 p�/0.8

ER status

�/ve 41 11 1.0

�/ve 46 12 1.0 0.5: 2.4 p�/0.9

Nodal status

�/ve 54 15 1.0

�/ve 13 3 1.1 0.3: 3.7 p�/0.9

Adj/Neoadj chemotherapy

None 18 6 1.0

Anthracycline 48 12 0.6 0.2: 1.5

Others 21 5 0.7 0.2: 2.3 p�/0.5

Adj/Neoadj endocrine

None 37 11 1.0

Yes 50 12 0.6 0.3: 1.3 p�/0.2

Received Trastuzumab as

1st line 43 12 1.0

2nd line 24 7 1.3 0.5: 3.2

3rd line (�/) 20 4 1.1 0.4: 3.4 p�/0.8

Site(s) of disease before Trastuzumab *

Soft tissue 58 14 0.7 0.3: 1.7 p�/0.5

Bone 40 11 1.0 0.5: 2.3 p�/1.0

Visceral 62 18 2.3 0.8: 6.2 p�/0.09

Trastuzumab

Single agent 41 10 1.0

With chemotherapy 46 13 1.0 0.4: 2.2 p�/0.9

* RR refers to relative risk compared to a patient without disease in this site.
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Figure 2. Kaplan Meier survival of patient from the start of

trastuzumab treatment.
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Our study found a higher incidence of parenchy-

mal CNS involvement than leptomeningeal disease

in these patients, in agreement with other studies

[12�/14] This could be attributed to the fact that

brain parenchymal cells secrete the neuregulin family

of growth factors [17], that influence metastatic-

related properties in vitro [18] and have a high

affinity for the other family members of HER family

with which HER2 may form dimers [19].

This raises the question of the mechanism of CNS

progression. There are at least two possible explana-

tions. The first is that HER2 over-expression is itself

responsible for cerebral tropism. Evidence suggests

that HER2 up-regulates genes involved in breast

cancer metastases as for example S100A4 which

promotes medulloblastoma cell invasion in vitro.

Both the invasive and downstream transcriptional

effects of HER2 can be overcome by tyrosine kinase

inhibition [20]. From a clinical perspective, inhibi-

tion of HER2 signalling with trastuzumab may be

expected to alter the metastatic properties of the

tumour. Alternatively, expression of other genes

amplified within the HER2 amplicon at 17q12 may

be involved in the metastatic process and possibly

implicated in cerebral tropism. Genes such as Grb 7

(an SH2 domain receptor tyrosine kinase) are co-

amplified within the HER2 amplicon [21]. Evidence

suggests that Grb 7 plays a role in migration

and invasion [22]. If genes co-amplified within the

HER2 locus, apart from HER2 itself, contribute to

the biological properties of the tumour in certain

patients, one would expect trastuzumab therapy to

have less clinical benefit in halting visceral disease

progression.

There is a trend towards a higher incidence of

brain metastases in patients with visceral disease at

the time of trastuzumab treatment (p�/0.09). This is

in keeping with previously reported data [12].

However, estrogen receptor status of the tumour is

not found to be a significant prognostic factor in our

series. Notably, the median survival of patients with

brain metastases in our cohort is poor and similar to

patients in historical cohort (4 versus 5 months,

respectively).

CNS prophylaxis has been proven to be a success-

ful strategy in management of patients with acute

lymphoblastic leukaemia (ALL) and small cell lung

cancer (SCLC) [23]. This strategy decreases the

incidence of brain metastases and also prolongs

survival [24]. In this study, we found that CNS

progression was the main cause of death in advanced

breast cancer patients who had received trastuzumab

and developed CNS metastases. This group of

patients might therefore benefit from prophylactic

measures to prevent the occurrence of CNS metas-

tases. However, our study is a descriptive one without

proper comparison group. Hence, the results from

our study are just hypothesis generating rather than

conclusive. Therefore, we suggest the need for

randomised clinical trials to address the value of

prophylactic cranial radiotherapy in patients with

visceral metastatic disease at the time of initiation of

trastuzumab therapy.

It is equally important to have vigilant surveillance

in asymptomatic patients. Radiological examinations

should be employed promptly to exclude brain

metastases in patients presenting with suspicious

neurological symptoms.
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