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Outcome of whole-brain irradiation for breast cancer patients
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Abstract

Purpose. To determine the overall survival (OS) of breast cancer patients treated by Whole Brain Radiation Therapy
(WBRT) and possible important prognostic factors for OS. Material and methods. The study population comprised 99
patients with brain metastases (BM) treated with WBRT in the period 1988 to 2004 at St. Olavs University Hospital,
Trondheim, Norway. Prognostic factors as age, performance status, axillary lymph node involvement and extent of BM were
evaluated. Results. Median survival (range) of the total population from start of irradiation was 5.3 (0.3-157) months. For
patients >60 years, 40—60 years and <40 years median survival (range) were 4.5 (0.3-92), 6.8 (0.3-157) and 8.5 (0.8-11)
months, respectively (NS, p =0.5), and for Karnofsky performance status (KPS) < or >70, were 3.7 (0.3-92) and 6.8
(1.0-157) months, respectively (NS, p =0.17). One, three, 12 and 24 month survival rate were 90, 64, 29 and 11%,
respectively. Grouping patients according to Recursive Partitioning Analyses (RPA) classes, the median survival (range)
were 8.0 (1.0-157), 6.5 (1.3-92) and 3.5 (0.3-92) months for RPA class 1, 2 and 3, respectively (NS, p =0.6). Conclusion.
KPS and in particular the extent of BM were the most important prognostic factors. Grouping patients into RPA classes

may be important when deciding whether breast cancer patients should be aggressively treated for their BM.

Brain metastases (BM) is not an uncommon location
in breast cancer patients and some times it can be
the first and only site of metastases [1]. The
incidence of BM has been estimated to 10-20%
[2,3], but could be found in 30% of breast cancer
patients at autopsy [2]. BM are most frequently
diagnosed when patients present some type of
cerebral symptoms as headache (24-48%) [2-5],
changes in cognitive function (24-34%), seizures
(10%) [3-6], and ataxia, loss of motor function,
nausea and vomiting [2,6]. Verification of the
diagnosis is done by computed tomography (CT),
magnetic resonance imaging (MRI) or by biopsy.
MRI has proven to be superior to CT in detecting
small BM, as well as leptomeningeal metastases
[2,7,8]. With an uncertain diagnosis a brain biopsy
may be needed, although not always feasible.

The treatment strategy of patients with BM
depends largely on location and number of BM,

status of extra-cranial disease, performance status
and age of the patients [2,5,9]. In patients with
relatively good performance status, well-controlled
extra-cranial disease and few BM, a relatively
aggressive local treatment with surgery or gamma
knife radiosurgery can be performed [10-12], gen-
erally considered only in patients with <4 BM. For
the majority of patients, however, less aggressive
methods are used as Whole Brain Radiation Therapy
(WBRT) [5], or even in some cases symptomatic
treatment with corticosteroids only [13]. Using
WBRT, different total dose and fraction have
been used. Multi-centre trials conducted by the
Radiation Oncology Group (RTOG) using different
fraction regimes (from 20 Gy over one week to
50 Gy over 4-5 weeks) have shown no significant
differences in outcome [14].

The aim of this retrospective study was to analyse
breast cancer patients treated with WBRT for BM in
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a single institution to possible identify prognostic
factors for determining short term survivors and to
determine the possible correlation between prognos-
tic factors and survival. Predicting short- (i.e. <3
months) and long-term survivors is a particularly
compelling, yet challenging, goal of the clinician,
and a central tenet of the personalized medicine
paradigm for oncology.

Material and methods
Patients

The study population comprised breast cancer
patients treated with WBRT at the Department of
Oncology, St. Olavs University Hospital, Trondheim
between January 1988 and September 2004. A total
of 114 patients were identified in the departments
database (Verification and Information System In
Radiation therapy; VISIR), having registered whole
brain as the treatment region and breast cancer as
primary diagnose. BM was verified by CT or MRI.
Patients with primary breast cancer without BM,
such as cranial metastases (n=10), meningeoma
(n=1), and glioblastoma (n=1) were excluded.
Primary diagnoses was verified, and patient with
BM and primary lung (n=1) and cervical cancer
(n=2) were also excluded, giving 99 evaluable
patients. From the patients file the following data
were extracted: date of birth and diagnosis of
primary breast cancer, primary tumour size, grade
and hormone receptor status, axillary nodal status,
localisation and date of first distant metastases and
date and method of BM diagnosis, as well as number
of BM. Short-times survivors were specially paid
attention to, and defined as patients who passed
away, one or three months after initiation of WBRT.

Histopathology

The primary tissue samples were re-examined for
tumour type, grade and ER status by the pathologist
(AMB) according to the national guidelines based on
the Bloom and Richardson grading system [15].
Patients with positive ER and\or PgR status, defined
by immunhistochemistry, were defined as patients
with hormone receptor (HR) positive tumours.

Treatment

From VISIR the date at initiation of radiation
therapy and amount of dose given was obtained.
All patients received WBRT using 6-MV photons
from a linear accelerator, where 30 Gy in 10 frac-
tions over 2 weeks (n=86) or 20 Gy in 5 fractions
over one week (n=13) were given. In 21 and two
patients surgery and gamma knife radio surgery have

been performed, respectively. Treatment outcome as
overall survival (OS) was measured from initiation of
WBRT to last clinical follow-up examination or
death.

Performance status and Recursive Partitioning Analysis

(RPA) prognostic classes

Patients’ performance status at starting WBRT was
estimated based on information in patient files, using
Karnofsky (KPS) index. Patients were grouped as
proposed by Gaspar et al. [14] into the RTOG RPA
prognostic classes as follows; Class 1: patients <65
years and with KPS >70, without extracranial
metastases and with controlled primary tumour,
Class 3: patients with KPS <70, Class 2: all others.

Statistical analyses

Statistical analyses were performed using SPSS 13.0
(SPSS Inc. Chicago, IL).

Descriptive statistics are presented as median
(range). The survival after starting WBRT was
calculated according to the Kaplan-Meier methods.
Uni- and multi-variate survival analyses were per-
formed on the following factors using log-rank and
Cox proportional regression test: hormone receptor
status of the primary tumour, axillary lymph node
status, extracranial metastases, KPS, RPA prognos-
tic classes and number of BM., brain surgery, time
from primary diagnosis to 1. relaps (DFI) and to
detection of BM. Cox test was only done on factors
having p <0.2 on the log rank test.

P-values are two-sided and considered significant
when p <0.05.

Results

The characteristics of the 99 evaluable patients are
given in Table I. Median primary tumour size (range)
was 3.0 (0-10) cm, tumour size was missing for four
patients. No axillary lymph nodes were affected in 29
patients, for the positive axille the amount of nodes
were 1-3 in 34 and >3 in 18 patients, and for 18
patients not known. The hormone receptor status was
known for all but six patients. Due to degradation,
only 41 samples could be reanalysed concerning
hormone receptor status by the pathologist. The first
hormone receptor evaluation was used in the case of
the other 55 samples.

Median (range) time from primary diagnoses to
first relapse and detection of BM were 22 (0-320)
and 40.3 (0-380) months, respectively. The first
relapse were located to brain (n=31), bone (n=30)
or lung (n=26). Twelve patients had multiple
metastases including mediastinum, skin, pleura and



Table I. Characteristics of patients.

Characteristics Number
Age?®, Range (Median) 30-80 (57) years 99

<40y 9

40-60 y 44

>60y 46
Histology

IDC 84

ILC 4

Medullary 7

Missing® 4
Hormonal receptor status, primary tumour

ER+ 48

ER — 45

Unknown 6
Histologic grade

1 1

2 26

3 51

Unknown\not done 21
Axillary lymph Node status

Negative 29

Positive® 52

Unknown 18
RPA prognostic class

1 17

2 19

3 63
Karnofsky performance status

>70 30

<70 69
Presence of extracranial metastases

Yes 67

No 32
Brain metastases

Single 18

Multiple 81
Resection of brain metastases

Yes 21

No 78
RX-treatment

<20 Gy (10) 10

>30 Gy (89) 89

3Age; at appearing of BM symptoms, °Lymph node positive
includes 34 1-3 pos and 18>3. IDC: Infiltrating ductal and ILC:
Infiltrating lobular carcinoma. RPA: Recursive Partitioning Ana-
lyses.

liver, making it unable to point out the first relapse
site. Between first relapse and BM median (range)
time was 10 (0-111) months.

For primary tumour size, grade or hormonal
receptor status, and the axillary pN status, no
significant differences of median OS were observed
(Table II). The median OS of hormone receptor
positive and negative patients were 5.2 (0.3-92) and
4.8 (0.3-157), respectively (NS, p =0.5). Median
age (range) at the start of WBRT was 57 (30-80)
years.
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The most usual symptoms at presentation before
WBRT were urgent CNS symptoms, such as head-
ache, seizures, loss of motor function and impaired
mental status. Some patients, however, had less
specific symptoms such as dizziness and impaired
vision. Regarding symptoms after treatment, little
information was given in the patient files.

Concerning BM, 18 patients had one BM, 81
patients had multiple BM, some uncountable num-
ber. After resection (n=21) or gamma radiation
knife (n=2), everyone achieved WBRT.

The median time (range) from start of WBRT to
last follow up or death was 5.3 (0.3-157) months.
One- and two-years of survival rate were 29% and
11%, respectively, one and 3 months survival rate
(short-time survivors) were 90% and 64%, respec-
tively.

Absence of extracranial metastases, solitare BM
and age below 40 are all associated with longer
median time of survival but only significant for BM.
Median (range) of OS of patients with KPS <70
and KPS >70 were 3.7 (0.3-92) and 6.8 (1.0-157)
months, respectively (NS, p=0.17), as shown in
Table II. Forty-two patients had KPS 60 with 5.2
(0.3-92) months median OS, and three patients had
KPS <20 with a median OS of 3.0 (0.3-12)
months. Median survival (range) for those with
one and those with multiple BM were 13.3
(1.5-157) and 4.5 (0.3-84) months (p=0.01),
respectively. Median OS (range) of patients classified
as RPA class 3 (n=63), 2 (n=19) and 1 (n=17) 3.5
(0.3-92), 6.5 (1.3-92) and 8.0 (1.0-157) months
(NS, p=0.6), respectively (Table II). Patients trea-
ted with WBRT before and after 1997 has a median
OS (range) of 3.5 (0.3-157) months and 6.8
(0.3-92) months (NS, p=0.2). Regarding response
of chemotherapy at metastatic breast cancer, 11
patients with response had 7 (1.8-30), ten patients
with stable disease had 10.5 (1.3-60) and 65 patient
with non-response had 4.5 (0.3-60) months of OS,
respectively (NS, p =0.46). Fourteen patients did
not receive any treatment before BM. Type of
systemic treatment varied between Nolvadex (n=
51), Adriamycin (n=14), FuMi regime (n=4),
CMF (n=3), FEC (n=9) and Taxol (n=4) or
none (n=14), and by Kaplan-Meier method not
significantly differentiating at OS (NS, p=0.116).
Finally, patients with viceral (n =38) versus bone
(n =61) metastases, no significant difference in OS
was found.

Patient with short DFI and time from primary
tumor to BM had significant shorter OS using log
rank. After Cox analysis only the factor BM was
significant in relation to OS.
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Table II. Univariate analyses of factors influencing survival in 99 breast cancer patients with brain metastases (BM).

Analysed factor 1-year Median months Survival p-value
(Number of patients) Survival (%) (95%CI) Log Rank
Age (99) range 30-80 years 29 5.3 (3.5-7.0)
>60 v (64) 30 5.5 (3.3-7.7) 0.7
>657y (35) 26 4.5 (2.1-6.9)
Hormone receptor status, Primary tumour
Positive (48) 32 5.2 (1.8-7.6) 0.5
Negative (45) 23 4.8 (1.9-7.6)
Unknown (6)
Axillary lymph node status
Negative (29) 37 6.5 (1.4-11.6) 0.4
Positive (52) 24 4.5 (2.3-6.7)
Unknown (18)
Presence of extracranical metastases
Yes (67) 30 4.8 (3.1-6.4) 0.6
No (32) 27 5.5 (2.3-8.7)
Number of BM
Single (18) 56 13.3 (0.0-28.3) <0.01
Multiple (81) 22 4.5 (2.8-6.2)
Karnofsky performance status
>70 (30) 36 6.8 (1.9-11.6) 0.17
<70 (69) 26 3.7 (1.85.7)
RPA prognostic class
Class 1 (17) 30 8.0 (4.7-11.3) 0.6
Class 2 (19) 35 6.5 (3.7-9.3)
Class 3 (63) 26 3.5 (1.6-5.3)
Time from primary tumour to 1.metastases (DFI)
0-22 months (51) 19 3.0 (2.0-4.0) 0.02
>22 months (48) 39 7.0 (3.8-10.2)
Time from primary tumor to brain meastases
0-40 months (51) 18 3.5 (1.5-5.5) 0.03
>40 months (48) 40 6.8 (4.8-8.6)
WBRT
<20 Gy (10) 0 1.3 (0.0-2.6) <0.01
>30 Gy (89) 31 5.5 (4.1-6.9)

Abbreviation: RPA: Recursive Partitioning Analyses.

Discussion

Despite many therapy options developed throughout
the years for systemic metastases, BM in breast
cancer patients still remains without any effective
systemic treatment. BM from breast cancer has
today poor prognoses, and is often a terminal
complication, as seen in our study as well, with a
median OS of only 5.3 months. However, some
patients are long-term survivors and seem to respond
better to the treatment. One year after WBRT, 23
patients were still alive and five patients had more
than 5 years survival. Four of these patients had
undergone resection of BM and had only one BM, as
well as long DFI. The main characterization was the
picture of a limited metastatic situation in the brain,
although many other factors may have contributed to
good outcome, such as control of systematic disease
situation, KPS and age at WBRT. When comparing

the data of median OS related to different suggested
prognostic factors: age, KPS and the extent of BM
are the most reliable indicators. Patients > 60 years,
several BM and KPS <40 seem to have the worst
prognosis, as shown in other studies [16,17] only
patients having single BM had significant longer OS
both with log rank and Cox analysis in our study.
Having extracranial metastases seem to influence the
severeness of the disease and sub sequentially
reduces OS, not shown in our study. This could
lead to a debate as to whether these patients should
undergo an intensive radiotherapy treatment, when
it is likely that they will die within few weeks after
treatment start, as discussed by others [18]. The
usual WBRT dose was 30 Gy although in patients in
poor state 20 Gy was chosen, due to short expected
survival. These patients were pre-selected due to
their poor health state and expected short survival,
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Figure 1. Kaplan-Meier analyses of overall survival in relation
with multiple and solitary BM. Median OS for multiple and
solitary BM were 4.5 (normal) and 13.3 (bold) months, respec-
tively.
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and because of this pre-selection, the schedule of
20 Gy is not a comparable value of better or worse
treatment.

The RPA prognostic classes derived from the
RTOG prospective trials on BM were identified as
a tool for comparison of treatment results and
stratification of patients for clinical studies. This
classification is based on the presence of three
prognostic factors; performance status, presence of
extracranial disease and age. Regarding the RPA
prognostic classes in our study, no significant differ-
ence with respect to median survival times were
seen, possible due to low number of patients in the
three groups. However, the majority of the patients
(64%) were classified as class 3 indicating the low
performance status in general in patients with BM.

Patients having multiple BM (82%) had signifi-
cant shorter median survival (p<0.01, as shown in
Fig 1), and was the only prognostic factor significant
in our study.

This is not surprising, since only those patients
having 3-4 or less BM are suitable for resection.

BM was often the first and only manifestation of
relapse, although bone or lung metastases were often
observed as the first site as well, as shown by others
[14]. High histological grade has been associated
with short OS [14,17], not found in our study. It is
not unlikely that the incidence of BM will increases
as systemic treatment for both metastatic breast
cancer and in the adjuvant setting improves and
thereby prolonging OS. BM causes decreased survi-
val and may change dramatically the quality of life of
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the patients [1]. Early detection or possible preven-
tion of BM by identifying risk factors for BM
relapses might provide the opportunity to select
patients who probably benefit of prophylactic treat-
ment at an early stage of the disease. Better under-
standing of the biology of BM is needed.

Despite great changes of therapeutic regimes
during 1988 until 2004, no significant difference of
patients treated before or after 1997 appeared (p =
0.2). The low volume in the patient cohort could be
the reason of this, since a prolonged OS is expected
due to better systemic disease control. In this study
however, neither type of chemotherapy nor meta-
static pattern of the disease had any significantly
influence of OS.

The results presented in this study, showing that
patients having the worst prognoses are those with
KPS <70 and multiple BM, only significant differ-
ent for BM, not for the different RPA classes
possible due to the low number of patients in RPA
class 1 and 2. Small patient cohort like this is a great
challenge in a single regional institution study and
influences the results of significance. However, we
still believe that regional and single institutional
studies are important and reflects the national
patient cohort situation.

The overall conclusion is that previous experience
and findings of prognostic factors will be important
in addition to knowledge of the tumours molecular
characteristics in future patients. All this information
will hopefully contribute to establish an individual
therapy of these patients, in order to improve OS.
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