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Abstract
Introduction: Brain metastases occur in 15%-20% of lung cancer patients. Recently, studies have suggested
that whole-brain radiotherapy (WBRT) may not prolong survival for a subset of patients, and is associated
with significant side-effects. Furthermore, it is hypothesized that radiotherapy is often given near the end-
of-life when the potential for benefit is minimal. Therefore, this study investigates how frequently
radiotherapy for brain metastases is given near the end-of-life in a population-based cohort.

Materials and methods: All lung cancer patients who received radiotherapy in British Columbia for brain
metastases in 2014-2015 were identified. Patient and treatment characteristics were collected and analyzed
to assess associations with death within 90 days of first radiation treatment.

Results: In total, 740 patients were identified, with a total of 826 courses of brain radiation. The 90-day
mortality rate was 40% (n=330). Multivariable analysis demonstrated higher odds for age (odds ratio (OR) =
1.04, 95% confidence interval (CI) 1.02-1.05), Eastern Cooperative Oncology Group (ECOG) performance
score of 2 or higher (OR = 1.59, 95% CI 1.09-2.31) and squamous cell carcinoma (OR = 2.10, 95% CI 1.13-
3.90) and lower odds for initial systemic therapy (OR = 0.48, 95% CI 0.34-0.68), more than five fractions of
radiotherapy (OR = 0.25, 95% CI 0.16-0.39) and stereotactic radiation (OR = 0.29, 95% CI 0.13-0.65).

Conclusion: In our population-based study, WBRT is given in 86% of radiotherapy courses for brain
metastases from lung cancer. Of these patients, 40% received treatment near the end-of-life. We identified
several factors associated with shortened survival. Using these factors and already established prognostic
tools, WBRT utilization should be decreased in the future, improving individualized treatment for patients
with brain metastases from lung cancer.
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Introduction
Brain metastases are common in lung cancer, occurring in approximately 15%-20% of patients [1-2]. There
are several treatment options for patients with brain metastases, of which whole-brain radiotherapy (WBRT)
is the most common. WBRT can cause several side-effects, particularly in the first three months following
treatment, such as fatigue, nausea, hair loss, and scalp dermatitis, leading to a negative impact on the
quality of life [3-4]. Alternatives to WBRT are stereotactic radiotherapy (SRT) either in one fraction
(stereotactic radiosurgery (SRS)) or multiple fractions (fractionated stereotactic radiotherapy (SFRT)),
surgical resection, systemic therapy alone, and best supportive care.

The optimal management of patients with brain metastases from lung cancer is controversial with variations
in international practice [5]. Many studies have investigated SRT as compared to or in addition to WBRT in
select patient populations to improve outcome and/or minimize toxicity [6-8]. However, selection criteria for
the different radiotherapy options are a topic of debate. Prior studies have shown that patients with brain
metastases from lung cancer, treated with WBRT, have a median overall survival of approximately 2.5-4.5
months [9-11]. The Quality of Life after Treatment for Brain Metastases (QUARTZ) trial identified no
significant difference in survival or quality of life between patients treated with WBRT and optimal
supportive care vs. optimal supportive care alone. There was a nonsignificant trend towards improved
survival for patients younger than 60, with Karnofsky performance status of 70+ and a controlled primary
non-small cell lung cancer (NSCLC) [4]. Less than 20% of their patients had at least one of these factors,
therefore a major proportion of patients in the trial that received WBRT experienced adverse-effects at the
end of their lives, without improvement in the quality of life or survival. How these findings apply to
patients with brain metastases in the general lung cancer population is of utmost concern.

Prognostic tools like the recursive partitioning analysis (RPA) classes and the Graded Prognostic Assessment
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(GPA-mol) have been developed for patients with brain metastases in an effort to predict survival [11-13].
The RPA categorizes patients into three classes, based on age, Karnofsky performance status (KPS) and
control of extracranial disease. GPA-mol categorizes patients using age, KPS, extracranial disease, number
of brain metastases and presence or absence of epidermal growth factor receptor (EGFR) and anaplastic
lymphoma kinase (ALK) mutations. Patients in the worst groups, RPA-class III and GPA-mol score of ≤1.0
had a median survival of 2 and 5-7 months respectively and may not benefit from WBRT [11-12,14]. In
contrast, patients in the best groups, like GPA-mol score of ≥3.5 had a median survival of almost four years
[12]. These patients may benefit from the maximized local control and limited toxicity of SRT. Improving the
selection of patients who would benefit from radiotherapy for brain metastases is important in improving
quality of life and outcomes, both in patients with good prognosis and for those that are near the end of life.

Population-based patterns of care and outcome for lung cancer patients with brain metastases are not well
described in the literature. The aim of this population-based study is to describe patterns of radiotherapy
utilization for treatment of brain metastases in lung cancer patients. Furthermore, we aim to identify
patients that died 90 days of start of radiotherapy. We hypothesize that the majority of patients were treated
with WBRT with only a subgroup of patients receiving SRT. Furthermore, we hypothesize that in our
population, 20%-30% of patients receiving brain radiotherapy died within 90 days of radiation treatment.

Materials And Methods
All lung cancer patients in British Columbia (BC), Canada, who received any radiation treatment for brain
metastases between January 1, 2014 and December 31, 2015, were identified using the BC Cancer electronic
medical record. Patient and treatment characteristics were collected. Radiation treatment was categorized as
WBRT, partial brain radiotherapy (PBRT), SFRT and SRS. Partial brain radiotherapy was defined as non-
stereotactic radiotherapy to only part of the brain. Chart review was performed for all patients who did not
complete the prescribed course of radiotherapy, to identify prescribed dose and fractionation schedule.
Fractionation was categorized into one to five fractions with conventional dose fractionation (i.e., 20 Gy in
five fractions), more than five fractions conventional (i.e., 30 Gy in 10 fractions) and stereotactic
radiotherapy (either SRS or SFRT). Systemic therapy delivered prior to radiotherapy was also collected, there
were no data on systemic therapy use after radiation. Patients who received more than one course of
palliative radiotherapy were considered independently for each course. All treatment courses were used in
the analysis, as opposed to individual patients since the investigated outcome is mortality after radiation
which reflects the decision-making process for each course.

Associations between patient/treatment characteristics and death within 90 days were assessed using chi-
square and t-tests for categorical and continuous variables, respectively. Kendall’s tau was used to assess the
correlation between factors. A multicollinearity analyses was performed prior to the multi-variable logistic
regression analysis. Factors assessed in both Kendall’s tau and the multicollinearity analysis were age,
treatment centre, performance status, histology, radiation technique, fractionation, retreatment, EGFR
status, and initial systemic therapy. The thresholds used in this analysis were a variance inflation factor
(VIF) of 2.5 and a tolerance level of 0.4. Based on correlation analysis and multicollinearity, radiation
technique was excluded from the multivariable analyses since this was collinear with fractionation.

Multi-variable logistic regression analysis was subsequently performed to assess associations. P-values were
two-sided and were considered statistically significant when the value was less than 0.05. Analyses were
conducted using SPSS version 14.0 software (Chicago, IL). This study was approved by the joint University of
British Columbia and BC Cancer Agency Research Ethics Board.

Results
In total, 740 patients with brain metastases from lung cancer received 826 courses of radiotherapy to the
brain (whole brain, partial brain or stereotactic radiotherapy). Sixty patients (8%) received more than one
course of brain radiotherapy with a maximum of five courses. Median age at treatment was 65 years (range
32-95 years). Median survival from the first day of radiotherapy was 4.4 months (95% confidence interval
(CI) was 4.0-4.8 months). Further patient and treatment characteristics can be found in Table 1.

Patient Characteristics  Patients (n=740)

Gender
Male 45%

Female 55%

Age groups

<50 5% 

50 - <60  25%

60 - <70  40%

70 - <80  25%
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≥80  6%

Histology

Adenocarcinoma 58%

Squamous cell carcinoma 7%

NSCLC NOS 11%

Small cell carcinoma 18%

Other 7%

Sensitizing EGFR mutation
Yes 9%

No 91%

Treatment Characteristics  Courses of RT to the brain (n=826)

ECOG performance status

0 - 1 44%

≥2 30%

Unknown 25%

Initial systemic therapy
Yes 48%

No 52%

BC Cancer Centre

Vancouver 38%

Abbotsford 10%

Prince George 6%

Surrey 14%

Kelowna 18%

Victoria 15%

Completed intended course of RT
Yes 95%

No 5%

Number of fractions prescribed

1 10%

2 - 5 66%

6 - 10 24%

>10 1%

Radiation dose

20 Gy in 5 fractions 57%

30 Gy in 10 fractions 20%

20 Gy in 8 fractions 2%

11.5-30 Gy in 1 fraction 10%

25-35 Gy in 3-5 fractions 1%

Other 11%

TABLE 1: Patient and treatment characteristics
NSCLC: non-small cell lung cancer; NOS: not otherwise specified; EGFR: epidermal growth factor receptor; ECOG: eastern cooperative oncology
group; BC: British Columbia; RT: radiotherapy.

WBRT was given in the majority of cases (86%, n=713). Of the remaining 113 cases, 77% (n=89) received
stereotactic treatment with either SRS or SFRT. 

Table 2 shows the association between investigated factors and death within 90 days after the start of brain
radiotherapy. This table shows that all factors but EGFR mutation are significantly associated with death
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within 90 days after the start of radiotherapy. Median survival for patients with and without initial
chemotherapy was 6.0 (95% CI 5.1 - 6.9) and 2.8 (95% CI 2.4 - 3.3) months, respectively.

Characteristic Proportion who died within 90 days of starting RT P value

Overall (n=826) 40% (n=330)  

Gender
Male (n=366) 45% (n=163)

0.016
Female (n=460) 36% (n=167)

Age groups

<50 (n=38) 26% (n=10)

<0.001

50 - <60 (n=209) 29% (n=60)

60 - <70 (n=327) 39% (n=126)

70 - <80 (n=204) 51% (n=103)

≥80 (n=48) 65% (n=31)

ECOG Performance Status

0 - 1 (n=366) 30% (n=110)

<0.001≥2 (n=250) 50% (n=126)

Unknown (n=210) 45% (n=94)

BC Cancer Centre

Vancouver (n=310) 31% (n=97)

0.001

Abbotsford (n=79) 34% (n=27)

Surrey (n=112) 48% (n=54)

Prince George (n=53) 43% (n=23)

Kelowna (n=151) 48% (n=73)

Victoria (n=121) 46% (n=56)

Histology

Adenocarcinoma (n=488) 37% (n=178)

0.001

Squamous cell ca (n=61) 57% (n=35)

NSCLC NOS (n=83) 41% (n=34)

Small cell (n=141) 37% (n=52)

Other (n=53) 59% (n=31)

Sensitizing EGFR mutation
Yes (n=70) 34% (n=24)

0.31
No (n=756) 41% (n=306)

Prior systemic therapy
Yes (n=396) 27% (n=108)

<0.001
No (n=430) 52% (n=222)

Completed intended course of RT
Yes (n=785) 38% (n=295)

<0.001
No (n=41) 85% (n=35)

Number of fractions

1-5 fractions conventional (n=538) 52% (n=279)

<0.001>5 fractions conventional (n=199) 19% (n=38)

SRS/SFRT (n=89) 15% (n=13)

RT technique

1-2 fields (n=722) 43% (n=313)

<0.001≥3 fields 3DCRT/IMRT (n=15) 27% (n=4)

Stereotactic (n=89) 15% (n=13)

Retreatment
Yes (n=59) 17% (n=10)

<0.001  
No (n=767) 42% (n=320)
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TABLE 2: Characteristics associated with 90-day mortality
ECOG: eastern cooperative oncology group; BC: British Columbia; NSCLC: non-small cell lung cancer; NOS: not otherwise specified; EGFR:
epidermal growth factor receptor; RT: radiotherapy; 3DCRT: 3D conformal radiotherapy; IMRT: intensity modulated radiotherapy.

The multivariable analysis for death within 90 days after the start of radiotherapy is shown in Table 3.
Variables associated with increased odds for death within 90 days of treatment are age, treatment centre and
squamous cell carcinoma. Variables associated with decreased odds for death within 90 days of radiotherapy
are initial systemic therapy, treatment with more than five fractions and stereotactic radiation.
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Characteristic
Death within 90 days after start of radiotherapy  

Odds ratio 95% CI P-value

Age (continuous) 1.04 1.02 to 1.05 <0.001

Gender         
Male Reference  

Female 0.82 0.60 to 1.12 0.22

ECOG Performance

0 - 1 Reference  

≥ 2 1.59 1.09 to 2.31 0.02

Unknown 1.41 0.94 to 2.10 0.09

BC Cancer Centre  

Vancouver Reference  

Abbotsford 1.15 0.63 to 2.13 0.65

Surrey 1.32 0.80 to 2.19 0.29

Prince George 1.39 0.69 to 2.77 0.35

Kelowna 1.65 1.04 to 2.61 0.04

Victoria 1.03 0.62 to 1.71 0.90

Histology

Adenocarcinoma Reference  

Squamous cell carcinoma 2.10 1.13 to 3.90 0.02

NSCLC NOS 1.08 0.64 to 1.85 0.77

Small cell lung cancer 1.00 0.63 to 1.58 0.99

Other 1.50 0.76 to 2.90 0.23

Initial systemic therapy
No Reference  

Yes 0.48 0.34 to 0.68 <0.001

Fractionation

1-5 fractions conventional Reference  

>5 fractions conventional 0.25 0.16 to 0.39 <0.001

SRS/SFRT 0.29 0.13 to 0.65 0.003

Retreatment No Reference  

 Yes 0.77 0.31 to 1.91 0.57

EGFR status Negative Reference  

 Positive 1.35 0.76 to 2.43 0.36

TABLE 3: Multivariable analyses 90-day mortality
CI: confidence interval; ECOG: eastern cooperative oncology group; BC: British Columbia; NSCLC: non-small cell lung cancer; NOS: not otherwise
specified; EGFR: epidermal growth factor receptor; RT: radiotherapy; 3DCRT: 3D conformal radiotherapy; IMRT: intensity modulated radiotherapy.

Discussion
This population-based study demonstrates that between 2014-2015 the majority of lung cancer patients in
BC, Canada, were treated with WBRT for brain metastases (86% of all treatment courses) and 40% of patients
die within 90 days of start of radiation. This is an alarming rate given that brain radiotherapy, especially
WBRT, can be associated with considerable side-effects and that the addition of WBRT to best supportive
care may not significantly increase survival or improve quality of life [4,10]. Our findings suggest that at a
provincial level, a re-evaluation of indications for WBRT and stereotactic treatment for patients with lung
cancer is required. Based on our results, we believe that a decrease in the delivery of brain radiotherapy,
especially WBRT, is warranted for lung cancer patients who are less likely to benefit from this treatment. To
the best of our knowledge, this is the first population-based analysis of the utilization of radiotherapy in
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lung cancer patients with brain metastases.

More than ¾ of patients received WBRT which is consistent with our initial hypothesis. This high rate is
likely explained by the limited access to SRT in the province during our study period, with only 11% of
patients receiving this treatment technique. Prior to 2018, SRT has primarily been offered to patients with
less than four brain metastases, a good performance status, limited extracranial disease, and a life
expectancy of greater than one year based on the Radiation Therapy Oncology Group (RTOG) 9508 trial [15].
However, the increasing life expectancy of patients with stage IV lung cancer secondary to improving
systemic therapy has increased the demand for this resource-intensive treatment technique [16-19].
Additionally, phase III trials have consistently identified a superior quality of life and neurocognitive
function with SRT compared to WBRT [3,20], and a prospective study of lung cancer patients with up to 10
brain metastases had excellent overall survival and toxicity rates with SRT [21].

The mortality rate 90 days post radiotherapy was 40% in our population, which is higher than we
hypothesized although it is consistent with mortality rates found in the literature [22-23]. Our logistic
regression analysis identified higher odds for mortality in patients with advanced age, ECOG performance
status ≥2 and squamous cell carcinoma. Lower odds were found in patients who received initial systemic
therapy and were treated with either SRT or more than five fractions of conventional radiotherapy. These
findings are complementary to the RPA and GPA-mol which describe a limited survival for patients in RPA
class III and/or GPA-mol score of ≤1.0. The QUARTZ trial would suggest that these patients do not benefit
from WBRT [4]. Unfortunately, our mortality rate post WBRT, combined with the high proportion of patients
with a poor performance status (ECOG 0-1 in only 44% of patients) and advanced age (31% over 70) suggest
that a significant proportion of patients may have been offered potentially futile WBRT near the end of life.
This treatment may have been preventable with the consistent application of prognostic tools like the RPA
and GPA-mol.

This study should be interpreted in the context of its strengths and limitations. First, our study only
captured patients who received radiotherapy, therefore, we cannot estimate how many patients with brain
metastases were treated with best supportive care rather than radiotherapy. We also did not assess patients
who received systemic therapy alone for their metastatic disease. Variables associated with RPA and GPA-
mol, such as extracranial metastases, primary tumor control and number of brain metastases were not
collected in this large retrospective review. Karnofsky performance status was not documented in the
medical record. It was therefore not possible to apply the RPA or GPA-mol to our study cohort to determine
whether or not, based on available evidence, either SRT or best supportive care would have been an
appropriate option for the large number of patients who received WBRT. The absence of this information also
limits our ability to compare our study population to those in the literature. In this retrospective review, it
was also not possible to reliably assess and compare the toxicity and quality of life associated with the
different treatment regimes. In our analysis, EGFR status was not associated with survival, which is not
consistent with previous studies [17,24], and likely due to the small number of EGFR positive patients in this
study.

One of the strengths of this paper is the departmental description of the rate of SRT and WBRT use, which
has not been published in the literature yet. This provides a benchmark of radiotherapy utilization for brain
metastases in lung cancer patients, to which other departments can compare their use of brain radiotherapy
and to which future management changes can be compared. Additionally, this population-based study has a
large sample size and is reflective of the lung cancer population with brain metastases as BC Cancer is the
sole provider of radiotherapy in the province. It is therefore relatively free from referral and selection bias.

Our findings combined with recent literature have highlighted the need to decrease the utilization of WBRT
in our province. Patients with advanced age, poor performance, and short predicted life expectancy based on
RPA or GPA-mol, should receive best supportive care rather than WBRT. Patients with a predicted life
expectancy of more than three to six months, and up to 10 brain metastases that are small in volume, should
be considered for SRT rather than WBRT. This paper provides a useful benchmark for RT usage for lung
cancer patients with brain metastases, as changes to our clinical practice guidelines are implemented. It will
be important to continually review our practice patterns as management paradigms evolve according to
advancing radiotherapy techniques and growing interest in treatment with systemic therapy alone.

Conclusions
This population-based study identifies that 86% of radiotherapy courses for brain metastases from lung
cancer are WBRT and 40% of patients received treatment in the last 90 days of their life. Older age, ECOG
performance status ≥2, squamous cell carcinoma histology, and no receipt of systemic therapy were
associated with shortened survival. The application of these factors in addition to already established
prognostic tools like RPA and GPA-mol should be utilized to facilitate clinical decision making for patients
likely to benefit from best supportive care, WBRT or stereotactic treatment. In doing this, WBRT utilization
should drastically be decreased, providing improved individualized treatment for patients with brain
metastases from lung cancer.
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