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ABSTRACT
Background

The prognosis of patients with brain metastases from
non-small-cell lung cancer (NscLC) is poor. However,
some reports suggest that patients with brain me-
tastases at the time of initial diagnosis have a more
favourable survival than do patients with advanced
NscLc without brain metastases.

Methods

In a retrospective cohort of all new lung cancer pa-
tients seen at a Canadian tertiary centre between July
2005 and June 2007, we examined survival after a
diagnosis of brain metastases for patients with brain
metastases at initial diagnosis and patients who de-
veloped brain metastases later in their illness.

Results

During the 2-year period, 91 of 878 patients (10.4%)
developed brain metastases. Median age in this cohort
was 64 years. In 45, brain metastases were present at
initial diagnosis, and in 46, brain metastases developed
later in the course of the illness. Median survival in
the entire cohort was 7.8 months. Survival after the
diagnosis of brain metastases was similar for patients
with brain metastases at diagnosis and later in the ill-
ness (4.8 months vs. 3.7 months, p = 0.53). As aresult,
patients who developed brain metastases later in their
illness had a longer overall survival than did patients
with brain metastases at diagnosis (9.8 months vs. 4.8
months). Among patients who received chemotherapy,
the survival of patients with brain metastases at diag-
nosis was still poor (6.2 months).

Conclusions
Our data show limited survival in patients with brain

metastases from nscLc. Careful patient selection for
more aggressive treatment approaches is necessary.
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1. INTRODUCTION

Worldwide, lung cancer is the leading cause of cancer
death in both men and women, causing more than
1.18 million deaths per year!. Approximately 85%
of lung cancer cases are non-small-cell lung cancer
(NscLc). Most patients either present with advanced
disease or develop recurrence at some point during
their illness, and the 5-year survival rate for all lung
cancer patients is only about 15%?2. The prognosis of
patients with advanced NscLc is generally considered
poor, with a median survival of 810 months and a
2-year survival of no more than 10%—20%734.

Brain metastases are a common problem in
patients with metastatic NscLc. About 7%—10% of
NSCLC patients present with brain metastases at the
time of initial diagnosis, and as many as 20%—40%
of patients develop brain metastases at some point
during their illness> 7. The incidence of brain metas-
tases appears to be increasing, which may reflect im-
provements in diagnostic imaging®®. Alternatively,
patients may be more at risk for the development of
brain metastases as a result of the modest improve-
ments in survival associated with more effective
systemic therapies®.

Historically, the survival of patients with brain
metastases has been considered very poor®!?, with
the risk of death and significant impairments in
quality of life being increased by a factor of 411713,
The median survival of patients with untreated brain
metastases is reported to be 1-3 months”!%!!, The
combination of whole-brain radiation (WBRT) and
corticosteroids, which has been the standard treat-
ment to palliate symptoms, may result in modest
improvements in survival for patients well enough
to receive this treatment!#-16,

Because of limited survival, NscLc patients with
brain metastases have not generally been considered
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candidates for systemic therapy, and they have
often been excluded from clinical trials of systemic
therapy®!”. In recent times, there has been a shift to-
ward more aggressive local management of selected
patients with solitary or oligo-metastatic brain me-
tastasis from NscLc. Management approaches include
surgical resection and advanced radiation techniques
such as stereotactic radiosurgery®!8. In addition,
patients with treated brain metastases who maintain
a good performance status have been included in
many trials of systemic therapy. A retrospective re-
view of patients with stable treated brain metastases
from NscLc included in chemotherapy trials reported
survival similar to that of patients with advanced
disease without brain metastases!”. However, those
observations are all potentially subject to selection
bias. We sought to determine the generalizability of
those findings to patients with brain metastases from
NnscLe followed at a Canadian tertiary care centre.

We hypothesized that patients presenting with
brain metastases from NscLc at diagnosis experience
longer survival after the diagnosis of brain metasta-
ses than do those presenting with brain metastases
from NscLc later in the course of illness. Identifying
subgroups of patients with brain metastases who have
favorable prognostic factors and who may benefit
from more aggressive measures is important to limit
the number of patients in whom systemic treatment
may be deferred and even withheld because of the
perception of poor outcome.

The current study examined survival in a cohort
of NscLc patients with brain metastasis treated at a
tertiary centre. The primary outcome of interest was
survival after a diagnosis of brain metastases for
patients presenting with brain metastases at the time
of initial diagnosis and for patients developing brain
metastases at a point later in their illness.

2. METHODS

We retrospectively reviewed all new lung cancer pa-
tients seen at a Canadian tertiary cancer centre between
July 2005 and June 2007. Patients with NscLC were
identified through a search of the institutional elec-
tronic database. Among the identified patients, those
with brain metastases who were scheduled to receive
WBRT were selected. Patients with brain metastases
who never received radiation were not identified in the
search. Patients were eligible if they had histologically
or cytologically confirmed NscLc. Patients whose treat-
ment was managed primarily at another institution and
who were referred only for radiation treatment were
not included because information concerning those
patients was incomplete. Patients with a diagnosis of
small-cell lung cancer were not included. The sample
size for this descriptive study was not calculated a
priori, and the study population reflects patients with
brain metastases from nscLc scheduled to receive WBRT
and followed at our centre over a 2-year period.

Data were abstracted from the medical records
of all eligible patients, including age, sex, date of di-
agnosis, diagnostic and staging information, Eastern
Cooperative Oncology Group performance status,
weight loss, smoking status, intercurrent medical prob-
lems, and descriptive information about diagnosis and
treatment of brain metastases. The latter information
included whether patients were symptomatic or as-
ymptomatic at diagnosis of brain metastases, systemic
therapy used, and the patient’s last known vital status,
with date. Family physicians were contacted to deter-
mine vital status if the patient had not been seen within
3 months of the present review and was not known to
be deceased. Patients not known to be deceased at the
time of the analysis were censored at the date of last
follow-up. If Eastern Cooperative Oncology Group
performance status was not explicitly stated, it was
derived, where possible, from the description of the
patient’s functional activities.

Our primary aim in the present study was to
compare survival from the time of diagnosis of brain
metastases for patients presenting with brain metas-
tases at the time of initial diagnosis (hereafter called
the “early” group) and patients who developed brain
metastases later in their illness (hereafter called the
“late” group). Brain metastases were considered to
be present at diagnosis if detected within 1 month
of the diagnosis of lung cancer. For patients with
relapsed early-stage disease, survival was counted
from the diagnosis of metastatic disease. A second-
ary aim was to compare overall survival from the
time of diagnosis of advanced or metastatic disease
to death in patients with early and with late brain
metastases. Additional analyses compared baseline
characteristics, descriptive information about brain
metastases, and patterns of treatment after diagnosis
of brain metastases, including referral to medical
oncology, for the groups of NscLc patients with early
and late brain metastases.

Data were analyzed using the SPSS software
application (version 16: SPSS, Chicago, IL, U.S.A)).
Frequency tables for all variables were generated.
Overall survival was calculated for the whole group
using the Kaplan—Meier method. Survival between
patients with early and with late brain metastases
was compared using a log-rank test (two-sided).
Chi-square tests (for categorical variables) and #-
tests (for continuous variables) were used to explore
differences between the groups for other variables.

The study was reviewed and approved by the
Hamilton Health Sciences Research Ethics Board.

3. RESULTS
3.1 Patient Population
Between July 2005 and June 2007, 878 new lung

cancer patients were seen at our institution. Of
those 878 patients, 91 (10.4%) had developed brain
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metastases from NscLc. Table 1 summarizes the
characteristics of those 91 patients [43 men (47%),
48 women (53%); median age: 64 years (standard de-
viation: 10.6 years)]. Adenocarcinoma was the most
frequent histology in this group. Eastern Cooperative
Oncology Group performance status at the time of
diagnosis of brain metastases was not recorded in 50
patients (55%) and was derived from the description
of functional status in 18 patients (20%).

Halfthe cohort (n =45) presented with early brain
metastases; the remaining half (n = 46) developed

TABLE 1  Baseline characteristics for all patients with brain me-
tastases
Characteristic Value
Patients (n) 91
Age (years)
Median 64
SD 10.6
Sex [n (%)]
Men 43 (47)
Women 48 (53)
Stage [n (%)]
1A/B 7(7.5)
11A/B 6 (7.5)
1A 11 (12)
1B 12 (13)
v 55 (60)
Histology [n (%)]
Adenocarcinoma 47 (52)
Squamous cell 11 (12)
Large cell 3(3)
NOS 30 (33)
Smoking [n (%)]
Never-smoker 7(8)
Ex-smoker 31 (34)
Current smoker 52 (57)
Unknown 1(1)
Weight loss [7 (%)]
<5 39 (43)
5-10 10 (11)
>10 23 (25)
Unknown 19 (21)
ECOG score at Dx
0 1(1)
1 20 (22)
2 9 (10)
3 11 (12)
Unknown 50 (55)

sp = standard deviation; Nos = not otherwise specified; EcoG =
Eastern Cooperative Oncology Group; Dx = diagnosis.
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late brain metastases (Table 11). Most patients (7 =
79, 87%) were symptomatic when diagnosed with
brain metastases. A greater proportion of patients
with early brain metastases had a solitary lesion (44%
vs. 30% with late metastases) and underwent surgi-
cal resection of the metastases (27% vs. 13%). The
radiation treatment schedules were similar for both
groups (Table ). Table m1 summarizes the systemic
therapy given to the patients. Patients with early
brain metastases were significantly less likely to be
seen by a medical oncologist (51% vs. 74% with late
metastases, p = 0.02) and less likely to receive che-
motherapy (18% vs. 41%, p = 0.01). In neither group
were the patients likely to receive chemotherapy after
the diagnosis of brain metastases (18% vs. 15%).

3.2 Survival Data

At the time of analysis, 23 patients (25.3%) were
living, and 68 (74.7%) were known to have died.
In this retrospective review, we could not reliably
determine whether patients died primarily from pro-
gressive brain metastases, disease in other sites, or a
combination. Median overall survival for the entire
patient population was 7.8 months [Figure 1(A)]. We
observed no differences in survival after diagnosis

TABLE 1 Descriptive statistics concerning brain metastases

Variable Brain metastases Dx group [n (%)]
Early Late

Metastases 45 (49.5) 46 (50.5)
Symptomatic metastases 38 (84) 41 (89)
Solitary metastasis 20 (44) 14 (30)
Surgery for metastases 12 (27) 6 (13)
Radiation for metastases 44 (98) 46 (100)
Radiation dose

20 Gy in 5 fractions 28 (64) 33(72)

30 Gy in 10 fractions 16 (36) 13 (28)

Dx = diagnosis.

TABLE 1l Summary of systemic therapy

Variable Brain metastases Dx group [n (%)]
Early Late
Referral to medical oncology 23 (51) 34 (74)
Systemic therapy at any time
First line 8 (18) 19 (41)
Second line 2 (4) 5(11)
Third line 0 24
Systemic therapy 8 (18) 7(15)

after metastases Dx

Dx = diagnosis.
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for patients in the early and late brain metastases
groups [3.7 months vs. 4.8 months, p = 0.53, Fig-
ure 1(B)]. Compared with patients having ecarly
brain metastases, patients with late brain metastases
experienced significantly longer overall survival
from diagnosis of advanced disease [9.8 months vs.
4.8 months, Figure 1(C)]. In an exploratory analysis
limited to patients who received chemotherapy, the
survival was still worse in patients with early brain
metastases than in patients with late brain metastases
(6.2 months vs. 14.3 months, p = 0.08).

4. DISCUSSION

Historically, brain metastases from NscLc were felt to
represent a poor outlook®!?. More recently, there has
been a shift toward more aggressive local manage-
ment in selected patients to maximize survival and
neurologic function®. Approximately 25% of patients
with solitary or oligo-metastatic brain metastasis
from NscrLc will be eligible for surgical resection of
their metastatic brain lesion or lesions!®. A number
of retrospective series showed promising survival of
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FIGURE 1 (A) Cumulative overall survival for all patients. (B) Cumulative survival after a diagnosis of brain metastases (early vs. later).
(C) Cumulative overall survival with advanced disease, by time of diagnosis of brain metastases (early vs. later).
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11.6—14 months in selected patients who, with good
performance and controlled extracranial disease,
underwent complete resection of solitary or oligo-
metastatic brain metastasis from nscLc®20722, It is
difficult, however, to assess the effect of selection
bias in those studies.

In addition to more aggressive local manage-
ment of the brain, there has been renewed interest
in integrating systemic treatment agents in the
management of brain metastases from NscLc. Some
evidence suggests that brain metastases respond to
chemotherapy at a rate similar to that seen with the
primary tumour and systemic disease’. One random-
ized trial of NscLc patients with brain metastases
demonstrated similar survival for patients treated
with initial chemotherapy and delayed wsrT and for
patients treated with immediate wsrT?3. Additionally,
a retrospective review of patients included in sys-
temic therapy clinical trials reported similar survival
for those with neurologically stable brain metastases
from NscLc at diagnosis and for those with no brain
metastases!”. However, those reports were based
mostly on selected groups of younger patients with
good neurologic function and performance status, a
small number of lesions, and controlled primary and
extracranial disease. Those reports were therefore
subject to bias, making it hard to conclude whether
the observed favourable survival data were a result
of the treatment itself or the selection of patients
with favourable prognostic factors. Targeted agents
in patients with brain metastases from NscLC remains
an area of ongoing clinical trials research?*23,

In view of the uncertainty of the available
published data, and the improved outcomes with
aggressive local and systemic approaches in se-
lected patients with brain metastasis from NscLc,
the present study examined the generalizability
of those findings in a cohort of consecutive NSCLC
patients with brain metastasis seen at our institu-
tion. To maximize the sample size and broaden
the generalizability of the findings, we included
patients diagnosed with stage 1v NscLc and patients
with relapsed early-stage disease. Patients with
early-stage disease have inherently longer survival.
To account for potential confounding of stage and
overall survival, we counted survival from the
diagnosis of metastatic disease in the early-stage
patients. Although that approach has limitations,
the survival of patients in the late brain metastases
group was similar to that which would be expected
for patients with stage 1v NscLc. However, patients
with early brain metastases experienced survival
inferior to that which would be expected.

Our main aim was to examine the survival of
NSCLC patients after early or late diagnosis of brain
metastases. The incidence of brain metastases in our
series was lower than expected from the literature,
and we have no clear explanation for that departure.
In contrast to other reports in the literature, our
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data suggest that a diagnosis of brain metastases
from NscLc conveys a relatively poor prognosis re-
gardless of whether patients have early or late brain
metastases. This lack of a difference appears to be
the case despite the fact that patients with early brain
metastases were more likely than patients with late
brain metastases to have a solitary brain lesion and
to undergo surgical resection.

The poor outcomes observed in our series might
potentially be explained by the low rate of referral to
medical oncology and the lesser utilization of che-
motherapy in patients in the early metastasis group.
However, in a retrospective study such as this one,
that hypothesis cannot be analyzed. However, in an
exploratory analysis limited to patients who received
chemotherapy, poorer survival in patients in the early
group was still demonstrated. Our data highlight the
need to implement strategies to improve the rate of
referral for this group of patients.

Another potential explanation for poor outcomes
is the predominant use of WBRT in these patients.
However, stereotactic radiation was not available in
our institution during the study period.

Lastly, information on performance status was
not recorded for half the patients, thus limiting in-
terpretation of the findings.

Despite promising advancements in neurosurgi-
cal techniques and systemic chemotherapy, our data
show that many patients with brain metastasis from
NscLc still experience limited survival. Our data do
not support an aggressive approach to the treatment
of all patients with brain metastasis from nscLc. Tim-
ing of the development of brain metastasis does not
appear helpful in defining approaches to treatment.
Identification of better prognostic groups remains an
important challenge for selecting appropriate treat-
ment options for this group of patients. Incorporation
of a multidisciplinary approach for these patients ap-
pears desirable, with the goal of improving survival,
preserving neurologic function, and maximizing
quality of life.

Various prognostic models have been developed
for patients with brain metastasis from a number of
primary tumour types, including NscLc, to identify
patients with favourable prognostic factors. The
models are based on age, Karnofsky performance
status, primary tumour status, extracranial system
metastasis, lesion number, and largest brain lesion
volume?°—39. The absence of key information did
not allow us to evaluate those models in our dataset.

Our study also has other limitations. Patients at
our institution do not undergo routine brain imaging
at the time of diagnosis if they have no neurologic
symptoms. There is therefore some potential for mis-
classification between the early and late metastases
groups. We were not able to distinguish whether pa-
tients died from progressive central nervous system
disease or as a result of their systemic disease. Such
data would help in understanding the appropriateness
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of the low rate of systemic therapy that we observed
after a diagnosis of brain metastases in this series.
As well, a small number of patients not considered
well enough to receive brain radiation would not
have been captured in the search of our electronic
database. Nevertheless, our data demonstrate that
many patients with brain metastasis from NscLc still
experience poor outcomes, highlighting the need to
individualize treatment decisions for such patients.

5. CONCLUSIONS

Our data suggest that approximately half of all pa-
tients with brain metastases from NscLc present with
carly metastases. These patients often present with
multiple lesions, although, compared with patients
who develop late brain metastases, those present-
ing with early metastases are more likely to have
a solitary lesion and to undergo surgical resection.
Survival after a diagnosis of brain metastases was not
influenced by the time at which the patient developed
brain metastases. However, patients with early brain
metastases did appear less likely to be assessed for
and to be offered systemic therapy.

Our data suggest that survival after a diagnosis
of brain metastases is poor regardless of the time
during the illness that brain metastases develop, and
they caution against aggressive systemic measures
in all patients. Further research is needed to better
understand the competing risks of central nervous
system and systemic metastatic disease from NSCLC
and to identify the patient populations with brain
metastases who will benefit most from systemic
treatments. In clinical trials, the determination of
neurologic endpoints, such as freedom from neuro-
logic progression, and the determination of global
endpoints, such as time to disease progression and
overall survival, pose methodologic challenges. In
patients with brain metastases from NscrLc, careful
consideration should be given to the issue of patient
selection for more aggressive treatment approaches.
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