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ABSTRACT
Background Brain metastasis from breast cancer (bc a) in young women is doubly devastating because both quality
of life and life expectancy are significantly reduced. With new radiation technology and drugs that have emerged,
survival is expected to increase for these young women.

Methods

Using the oacis and sardo patient databases, we identified 121 patients diagnosed with bc a and brain
metastasis between 2006 and 2016 at the University of Montreal Hospital Centre. Those patients were divided into
Group A, patients who developed brain metastasis during the evolution of metastatic bc a, and Group B, patients
whose first metastasis was to the brain. For each group, we compared young patients (<40 years of age) with older
patients (≥40 years of age).

Results Among the 121 patients with brain metastasis, median overall survival (mos ) was significantly longer
for those less than 40 years of age than for those 40 or more years of age (18 months vs. 4 months, p < 0.001). With
respect to the timing of brain metastasis, survival was significantly longer in Group B than in Group A (7 months vs.
4 months, p = 0.032). In Group A, mos was significantly longer for patients less than 40 years of age than for patients
40 or more years of age (18 months vs. 3 months, p = 0.0089). In Group B, the 2-year overall survival rate was 57% for
patients less than 40 years of age and 12% for those 40 or more years of age (mos : not reached vs. 7 months; p = 0.259).
Conclusions In our single-centre retrospective cohort of women with brain metastasis from bc a, prognosis was
better for young women (<40 years) than for older women (≥40 years). Survival was also longer for patients whose
initial metastasis was to the brain than for patients whose brain metastasis developed later in the disease course.
In patients who received systemic treatment, median survival remained significantly higher in women less than 40
years of age. Further studies are needed to validate those results.
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INTRODUCTION
Breast cancer (bc a) is the cancer most frequently diagnosed
in women in Canada and worldwide1,2 . Although many
advances in treatments have been made, which have successfully increased survival, no cure for metastatic bc a has
yet been achieved.
Breast cancer is the 2nd most frequent source of brain
metastases3–6. An estimated 10%–16% of patients with metastatic bc a develop symptomatic brain metastasis 6. After
brain metastasis, prognosis is grim, with greatly reduced
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quality of life and life expectancy in affected patients. The
1-year survival for those patients has been estimated at 20%7.
The impact of such a diagnosis is even more devastating
in young women.
Younger age has been associated with more aggressive
forms of cancer, and thus survival is expected to decrease for
younger compared with older women8. However, studies
conducted in women less than 40 years of age with bc a have
been limited in number, and even fewer have been conducted in women with brain metastasis. A populationbased cohort study from Australia (n = 1166) found no
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significant difference in survival based on age in women
with metastatic bc a (18 months for those <40 years vs. 14
months for those ≥40 years, p = 0.21) 9.
The goals of the present study were to determine the
effect of age on prognosis after brain metastasis from bc a
and the effects of systemic compared with local treatment
on prognosis.

The date of the cerebral metastasis diagnosis was
determined by neuroimaging using computed tomography
and magnetic resonance imaging. We defined inpatients as
patients who presented to the emergency room or who were
admitted to the wards at the time of their brain metastasis
diagnosis. Patients who were diagnosed with brain metastasis
outside the hospital setting were defined as outpatients.

METHODS

Outcomes

Patient Selection
We conducted a retrospective study using the sardo and
oacis patient databases. The sardo patient database for the
oncology department at the Centre hospitalier de l’Université de Montréal (chum) actively collects data for patients
seen in clinic. At the chum, oacis is the electronic patient
database. Using sardo, we identified all patients with bc a
metastatic to the brain who were followed by the oncology
team between 2006 and 2016. Patients with leptomeningeal carcinomatosis were included with patients having
brain metastasis. All bc a histology types—ductal, lobular,
small-cell carcinoma, malignant phyllodes tumour, and
metaplastic carcinoma—were included in the study. Of 122
patients located in sardo, only 1 was excluded from the
analysis (she was lost to follow-up).
Before data collection, the study protocol was submitted for approval by the Research Ethics Committee
of t he ch u m . Data processing was ca rried out under
complete anonymity.

Patient Distribution
We allocated the patients to two groups based on the site
of their initial metastasis. In Group A patients, the initial
metastasis was to a site other than the brain, and brain
metastasis developed later during progression of their
cancer. In Group B patients, the initial metastasis was to the
brain. Group B also included patients who had concurrent
distant metastasis elsewhere in the body at the time of
their brain metastasis diagnosis. We then compared young
patients (<40 years of age) with older patients (≥40 years
of age) in each group. Patient age was defined as age at the
time of the initial bc a diagnosis. The cut-off of 40 years for
young compared with older women was used because that
cut-point is conventional in the literature9–13. In our preliminary analysis, women 40–59 years of age and women
60 or more years of age showed no difference in median
overall survival—a finding that also supported the merging
of those two groups.

Data Sources
The primar y source for data extraction was the sa r do
database. Necessary additional information was obtained
from oacis.
Age at bc a diagnosis, sex, family history of bc a, tumour
histology, and bc a details such as hormone receptor ( hr)
and her 2 (human epidermal growth factor receptor 2)
status, date of diagnosis with brain metastasis, progression
dates, date of death, date of last contact, inpatient or outpatient status at the time of the brain metastasis diagnosis,
and treatments were extracted from the sardo database
and completed with information from oacis.

40

The primary study outcome was the overall survival of
patients with brain metastasis from bc a based on age (<40
years and ≥40 years). Survival was defined as the time
from the diagnosis of brain metastasis to the date of death
or last contact.
Secondary outcomes were time to first metastasis in
patients with eventual brain metastasis, time to brain
metastasis, progression-free survival, and the effect on
survival of inpatient or outpatient status at the time of brain
metastasis diagnosis. Time to first metastasis was defined
as the time from the bc a diagnosis to diagnosis of the first
metastasis. For patients whose metastasis first occurred
at a site other than brain (Group A), we also calculated the
time from the diagnosis of first metastasis to the diagnosis
of brain metastasis.
Based on age, we examined local cerebral treatment
and systemic treatment independently of the site of initial
metastasis. Local cerebral treatment was defined as brain
radiotherapy or brain surgery with or without radiotherapy. Systemic treatment was defined as chemotherapy
or anti-her 2 therapy with or without hormonal therapy, or
hormonal therapy alone (without chemotherapy).

Statistical Analysis
Chi-square tests were used to test non-continuous variables. Kaplan–Meier analysis with log-rank test was used to
determine survival in groups A and B, and in the subgroups
based on age. Those values were also calculated based solely
on age, independent of the site of initial metastasis.
Additional Kaplan–Meier analyses were used to determine the effect on survival of treatment received at the time
of cerebral metastasis.
The IBM SPSS Statistics software application (version 25:
IBM, Armonk, NY, U.S.A.) was used for all statistical analyses.
A significance level of α < 0.05 was used for all analyses.

RESULTS
Patient Characteristics
Our study included 121 patients with bc a metastatic to
the brain. Of initial metastases in those patients, 73 (60%)
occurred at other sites before the brain metastasis, and 48
(40%) occurred in the brain (Figure 1). Of the 121 patients, 17
(14%) were less than 40 years of age, and 104 (86%) were 40 or
more years of age. With respect to the site of initial metastasis, no statistically significant difference in age distribution
was observed in the two groups. Women less than 40 years
of age represented 14% of Group A and 15% of Group B.

Patient and Tumour Characteristics
BRCA1/2 status was available for 19% of patients. It was
unknown for 65% of women less than 40 years of age and
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FIGURE 1 Flowchart detailing patient selection for the study. SARDO =
patient database for the oncology department at the Centre hospitalier
de l’Université de Montréal.

for 84% of women 40 or more years of age. No patient in the
study received a parp inhibitor.
Ductal carcinoma was the most frequent histologic
type in both Group A and Group B (90% and 75% respectively, p = 0.023); however, site of initial metastasis was
significantly different depending on the histologic type.
Lobular tumours were more frequent in patients whose
initial metastasis was to the brain than in patients whose
initial metastasis was elsewhere (23% Group B vs. 4%
Group A, p = 0.002). Also, ductal carcinoma was found to
be the most frequent histologic type in women whether
they were less than 40 years of age or 40 or more years of
age (94% vs. 83%, p = 0.230).
Compared with women 40 or more years of age, those
less than 40 years of age tended to be less likely to have
triple-negative tumours (18% vs. 26%, p = 0.462) and more
likely to have hr-positive, her 2-positive disease (35% vs.
24%, p = 0.324); however, those results were not statistically
significant. A first metastasis of bca to brain was significantly

TABLE I Demographics and tumour characteristics of patients with breast cancer (BCa) based on site of initial metastasis and age
Variable

Group A:
Initial metastasis to a non-brain site

Group B:
Initial metastasis to the brain

p Value

<40 Years

≥40 Years

<40 Years

≥40 Years

Patients (n)

10

63

7

41

—

Median age (years)

36

55

35

56

<40: 0.755
≥40: 0.389

Women

9 (90)

63 (100)

7 (100)

41 (100)

0.011

Men

1 (10)

0 (0)

0 (0)

0 (0)

Unavailable

3 (30)

11 (17)

1 (14)

7 (17)

Yes

1 (14)

18 (35)

0 (0)

9 (26)

No

6 (86)

34 (65)

6 (100)

25 (74)

Unavailable

6 (60)

53 (84)

5 (71)

34 (83)

Yes

1 (25)

5 (50)

1 (50)

1 (14)

No

3 (75)

5 (50)

1 (50)

6 (86)

Ductal

10 (100)

56 (89)

6 (86)

30 (73)

Lobular

0 (0)

3 (5)

0 (0)

11 (27)

Othera

0 (0)

4 (6)

1 (14)

0 (0)

HR-negative, HER2-negative

1 (10)

12 (19)

2 (28,5)

15 (36.5)

HR-negative, HER2-positive

1 (10)

4 (6)

0 (0)

3 (7)

HR-positive, HER2-negative

4 (40)

30 (48)

3 (43)

15 (36.5)

HR-positive, HER2-positive

4 (40)

17 (27)

2 (28.5)

8 (20)

Sex [n (%)]

Positive family history of BCa (first degree) [n (%)]
0.248

BRCA1/2 status [n (%)]
0.442

Histology [n (%)]
0.005

BCa subtype [n (%)]
0.644

a

Includes 1 malignant phyllodes tumour (≥40 years, initial metastasis at site other than brain), 2 ductal and lobular tumours (≥40 years, initial
metastasis at site other than brain), 1 small-cell carcinoma (≥40 years, initial metastasis at site other than brain), 1 metaplastic carcinoma (<40
years, initial metastasis to brain).
HR = hormone receptor; HER2 = human epidermal growth factor receptor 2.
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more likely in patients with triple-negative tumours (35%
vs. 18%, p = 0.028). The most frequent bc a tumour subtype
in both age groups was hr-positive, her 2-negative (41%
vs. 43%).
We observed no significant difference of age with respect
to histopathology, her 2 status, or triple-negative tumours.
Compared with patients having initial metastasis at other
sites, patients with brain metastasis as first bc a metastasis
more frequently had lobular or triple-negative tumours.

Leptomeningeal Carcinomatosis
Leptomeningeal carcinomatosis occurred in 21% of the
study cohort overall (n = 25), but twice as frequently in
women less than 40 years of age than in women 40 or more
years of age (35% vs. 18% , p < 0.001, Table ii ). However,
younger women were half as likely to be treated specifically
for their meningeal carcinomatosis with intrathecal methotrexate (17% vs. 37%, p < 0.001). That difference in treatment did not affect survival, because compared with their
older counterparts, younger women with leptomeningeal
TABLE II Treatment and survival by inpatient or outpatient status at
the time of brain metastasis diagnosis
Variable

Patients (n)

p Value

Age group
<40 Years

≥40 Years

17

104

13 (76)

54 (52)

24

7

4 (24)

50 (48)

0.059a

Outpatient or inpatient statusb
Outpatient [n (%)]
Mean survival (months)
Inpatient [n (%)]
Mean survival (months)

8

0.248c
<0.001

17

104

Supportive care

0 (0)

14 (13.5)

No local treatment;
any systemic treatment

2 (12)

12 (11.5)

Brain surgery ± RT

1 (6)

13 (12.5)

14 (82)

65 (62.5)

17

104

CTx, anti-HER2 therapyd,
± hormonal therapy

12 (71)

37 (36)

Hormonal therapy
(without CTx)

2 (12)

16 (15)

None

3 (18)

51 (49)

14

53

Local treatment status [n (%)]

Brain RT, no brain surgery
Systemic treatment status
[n (%)]

Cohort receiving systemic
treatment (n)

a

13

0.001c

Mean survival (months)

21

6

1-Year survival (%)

63

26

2-Year survival (%)

42

10

c

42

Survival
In a preliminary analysis, we compared median overall
survival for women less than 40 years of age, women 40–59
years of age, and women 60 or more years of age (18 months
vs. 4 months vs. 4 months). Because no difference in median
survival was evident between women 40–59 years of age and
women 60 or more years of age, we established a cut-off of
40 years for all further analyses.
Regardless of age, patients whose first metastasis was
to the brain experienced longer survival than did patients
who developed metastasis at another site before brain
metastasis (7 months vs. 4 months, p = 0.032).
Regardless of the site of initial metastasis, women less
than 40 years of age experienced significantly longer survival than did women 40 or more years of age (18 months vs.
4 months, p < 0.001). Young women with initial metastasis
to the brain or initial metastasis to another site both experienced longer survival than did older women in the same
group (Group A: 18 months vs. 3 months, p = 0.009; Group B:
not reached vs. 7 months, p = 0.26; Figure 2).

Follow-Up
Median follow-up for the overall study cohort was 4 months
(range: 2 days to 48 months). Median follow-up for patients
less than 40 years of age was 13 months (range: 13 days to
39 months), and for patients 40 or more years of age, it was
4 months (range: 2 days to 48 months; p = 0.0014).

Inpatient or Outpatient Status at the Time of Brain
Metastasis Diagnosis
We observed no significant difference based on patient age
with respect to inpatient or outpatient status at the time of
the brain metastasis diagnosis (76% vs. 54% for outpatients
and 24% vs. 48% for inpatients, p = 0.059). When the cohort
was stratified by inpatient or outpatient status, survival was
significantly longer for outpatients less than 40 years of age
than for outpatients 40 or more years of age (24 months vs.
7 months, p = 0.001). No significant difference was observed
for inpatients less than 40 years of age and those 40 or more
years of age (13 months vs. 8 months, p = 0.248; Table ii).

<0.001

Treatment

0.014

Relationship between inpatient or outpatient status and age.
At the time of brain metastasis diagnosis.
Relationship between mean survival in months and age.
d
When appropriate.
RT = radiation therapy; CTx = chemotherapy.
b

carcinomatosis tended to experience longer survival (6
months vs. 3 months, p = 0.056).

Local treatment to the brain—surgical resection with or
without radiotherapy, or radiotherapy only—was given
in 77% of patients. Most women received local treatment
to the brain regardless of age: 88% of women less than 40
years of age and 75% of women 40 or more years of age
(p < 0.001, Table ii). However, women less than 40 years of
age received significantly more local treatment than did
women 40 or more years of age. Radiotherapy alone was the
most frequent form of local treatment to the brain in both
age groups (82% vs. 63%, p < 0.001). No women less than
40 years of age received supportive care only.
Of t he 121 patients in t he present study, 67 (55%)
received systemic treatment at the time of brain metastasis: either chemotherapy (with anti-her 2 therapy when
indicated) with or without hormonal therapy, or hormonal
therapy alone. Of those 67 patients, 14 (21%) were less than
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51%, p < 0.001). Chemotherapy (with anti-her2 therapy when
indicated) was the most frequent form of systemic treatment
in both age groups. However, twice as many women less
than 40 years of age than women 40 or more years of age
were treated with chemotherapy (71% vs. 36%, p < 0.001).

Survival in Patients Who Received Systemic Treatment
When controlled for systemic treatment, median survival
remained significantly higher in women less than 40 years
of age than in women 40 or more years of age (21 months
vs. 6 months, p = 0.014; Table ii).

DISCUSSION

FIGURE 2 Kaplan–Meier survival analyses. (A) Survival of women with
metastatic breast cancer based on age only (<40 years vs. ≥40 years).
(B) Survival of women with metastatic breast cancer based on age (<40
years vs. ≥40 years) and site of initial metastasis. Tick marks represent
censored individuals, as previously defined. Group A = patients whose
initial metastasis was to a site other than brain and who later developed
brain metastasis during the progression of their metastatic cancer;
Group B = patients whose initial metastasis was to the brain.

40 years of age and 53 (79%) were 40 or more years of age
(Table ii).
More systemic treatment was given in women less than
40 years of age than in those 40 or more years of age (82% vs.
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Multiple studies have set out to clarify the effect of age
on survival for patients with bc a. The consensus is that
complex biologic factors explain the significant difference
in survival based on age in those women. Several studies
identified young age as a negative prognostic factor14–17. That
conclusion has been attributed to a higher prevalence of
aggressive cancers and differences in biomarker expression
in younger patients18,19. Other studies have shown young
age to be favourable20,21. A study conducted in Singapore
found that patients with bca of all stages in the 40- to 44-year
age group had the best relative survival rate at both 2 and
5 years 21. Our study similarly showed young age to be a
favourable prognostic factor for women with bc a metastatic
to the brain. A longer time to first metastasis from the initial
diagnosis of bc a in younger women, as found in our study,
reflects slower progression and more indolent disease. That
observation correlates with their longer survival (compared
with that for older women) from the time of brain metastasis. One hypothesis that might potentially explain those
findings is an increase in comorbidities in older women as
they age, which can lead to a decrease in survival. Our study
did not include comorbidities in its analyses, however.
Very few studies have set out to determine the effect of
age on survival specifically for patients with brain metastasis. A study similar to ours was performed in Australia
using data from 2001 to 2007 for patients with metastatic bca
(n = 1166). They found no significant difference in survival
based on age9. However, their study measured survival in
patients with metastatic bc a overall rather than specifically
in patients with brain metastasis. Also, their study did
not include hr and her 2 status, nor treatments received
by patients. Thus, their population could not easily be
compared with ours, which could potentially explain the
differing results in our study.
In the present study, younger age was not found to be
a risk factor for initial metastasis to the brain compared
with initial metastasis to other sites because women less
than 40 years of age constituted 14% and 15% of Group A
and Group B respectively. Therefore, in our study, young
women and women 40 or more years of age presented the
same prevalence of brain metastasis. However, leptomeningeal carcinomatosis was more prevalent in young women.
The young women were also less likely to receive treatment
with intrathecal methotrexate. However, that difference in
treatment did not affect prognosis.
Compared with women 40 or more years of age, younger
women in our study received significantly more systemic
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treatment at the time of brain metastasis. A strong trend
toward inpatient status in women 40 or more years of age
could explain why less systemic treatment was received by
older women than by younger women, because the older
women were more ill at the time of brain metastasis. Among
inpatients, prognosis was better for women less than 40 years
of age than for women 40 or more years of age (24 months
vs. 7 months, p = 0.001). Nonetheless, the more favourable
outcome in younger women remained for patients who
received systemic treatment at the time of brain metastasis
(21 months vs. 6 months, p = 0.014). However, a larger
proportion of patients less than 40 years of age received
chemotherapy as a systemic treatment, which might have
an effect on survival when controlled for systemic treatment.
When women in our study were stratified by age group,
no significant differences in the distributions of histopathology, her2 status, or triple-negative status were observed
in the groups less than 40 years of age and 40 or more years of
age. However, regardless of age, women with triple-negative
tumours more often presented with initial metastasis
to brain (35% vs. 18%). Also, brain metastasis as initial
metastasis from bc a compared with initial metastasis to
another site occurred significantly more frequently with
lobular tumours (23% vs. 4%, p = 0.002). Survival was longer for women with initial metastasis to the brain than for
women with initial metastasis to another site (7 months vs.
4 months, p = 0.032). A higher metastatic burden at the time
of brain metastasis can potentially explain shorter survival
in patients with initial metastasis to another site. Women
who have already received treatment for other metastatic
progressions are also more limited in subsequent treatment
options at the time of brain metastasis, which might further
explain their shorter survival.
The retrospective nature of our study and its small
sample size are the major limitations of our analysis. Also,
we included only patients followed at our oncology clinics
rather than all patients who received treatment for brain
metastasis at our hospital centre, because detailed information for the analysis was lacking for the latter patient
group. Further research into this subject therefore has to
be conducted to clarify the effect of age on survival, particularly for bc a metastatic to the brain. The results obtained
in our study have to be validated in further multicentric
studies with a larger sample size.
The strength of our study is the precise granular data
for women with brain metastases from bc a, which are
valuable compared with the more general data from other
studies14–17. Our cohort represents 10 years of patient data
at one of the largest tertiary hospital centres in Canada.
Given that our study was exploratory in nature, it would
therefore be interesting, in the future, to pool data with
other hospital centres for further analysis.

CONCLUSIONS
In our retrospective single-centre study, we found that,
regardless of the site of initial metastasis, median survival
from the time of brain metastasis diagnosis is significantly
longer for young women less than 40 years of age than for
women 40 or more years of age. In analyses stratified by age,
that more favourable outcome persists in younger patients
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who receive systemic treatment. If corroborated by larger
studies, the prolonged survival seen in younger women
with initial brain metastasis from bc a potentially suggests
that more aggressive treatments might be indicated in
young women. However, further studies with larger sample
sizes are required to validate our results, because reasons
for our findings cannot be discerned in the present work.
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