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ABSTRACT

Background: Whole brain radiotherapy (WBRT) is considered standard of care for patients with mul-
tiple brain metastases or unfit for radical treatment modalities. Recent studies raised discussion about
the expected survival after WBRT. Therefore, we analysed survival after WBRT for brain metastases ‘in
daily practice’ in a large nationwide multicentre retrospective cohort.

Methods: Between 2000 and 2014, 6325 patients had WBRT (20 Gy in 4 Gy fractions) for brain metasta-
ses from non-small cell lung cancer (NSCLC; 4363 patients) or breast cancer (BC; 1962 patients);
patients were treated in 15 out of 21 Dutch radiotherapy centres. Survival was calculated by the
Kaplan-Meier method from the first day of WBRT until death as recorded in local hospital data registra-
tion or the Dutch Municipal Personal Records Database.

Findings: The median survival was 2.7 months for NSCLC and 3.7 months for BC patients (p <.001).
For NSCLC patients aged <50, 50-60, 60-70 and >70 years, survival was 4.0, 3.0, 2.8 and 2.1 months,
respectively (p <.001). For BC patients, survival was 4.5, 3.8, 3.2 and 2.9 months, respectively (p =.047).
In multivariable analyses, higher age was related to poorer survival with hazard ratios (HR) for patients
aged 50-60, 60-70 and >70 years being 1.05, 1.19 and 1.34, respectively. Primary BC (HR: 0.83) and
female sex (HR: 0.85) were related to better survival (p <.001).

Interpretation: The survival of patients after WBRT for brain metastases from NSCLC treated in Dutch
‘common radiotherapy practice’ is poor, in breast cancer and younger patients it is disappointingly lit-
tle better. These results are in line with the results presented in the QUARTZ trial and we advocate a
much more restrictive use of WBRT. In patients with a more favourable prognosis the optimal treat-
ment strategy remains to be determined. Prospective randomized trials and individualized prognostic
models are needed to identify these patients and to tailor treatment.

ARTICLE HISTORY
Received 9 September 2017
Accepted 12 December 2017

Introduction . ) ) )
stereotactic radiosurgery (SRS) is currently considered the

Brain metastases occur in 10-30% of patients with metasta-
sized solid tumours [1]. In non-small lung cancer (NSCLC) and
breast cancer, this incidence is even higher [2,3]. With higher
incidences of cancer and improving local tumour control due
to improved local and systemic therapies, the incidence of
brain metastases will likely increase. For patients with a lim-
ited number of brain metastases and with a reasonable per-
formance status, radical treatment with either surgery or

standard of care [4]. For all other patients, whole brain radio-
therapy (WBRT) is considered the standard of care.

Throughout the years, many radiotherapy dose escalation
studies have been performed, with disappointing results [5].
None showed an overall survival (OS) benefit, despite more
toxicity and a worse quality of life (QoL) after higher doses of
radiotherapy [6,7]. Therefore, 20 Gy in five fractions is consid-
ered the most patient friendly treatment schedule.
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The use of WBRT has been justified by one small random-
ized study wherein WBRT (20 x 2Gy) was compared with
best supportive care (BSC) [8]. This study included 48
patients with brain metastases from various primary tumours.
The median survival was slightly better in the WBRT group
(3.3 versus 2.3 months), but no formal statistical analysis was
performed and QoL was not investigated. Given the small
sample size, no conclusions can be drawn about the effect-
iveness of WBRT.

Therefore, the British/Australian QUARTZ trial was ground-
breaking, as it randomised a large group of patients (538)
with brain metastases from NSCLC that were treated with
WBRT along with BSC, and BSC alone. Patients were eligible
if they were unfit for more radical treatment - for example,
SRS or surgery — and if the effectiveness of WBRT was ques-
tioned in this specific patient. This non-inferiority study
showed no evidence for a difference between the two
study arms in Qol, dexamethasone use or survival (median
9.2 weeks after BSC plus WBRT, versus 8.2 weeks after BSC
alone) [9].

These relatively unexpected results were criticized because
OS was supposedly poorer than the alleged survival in daily
radiotherapy practice, suggesting selection bias [10,11].
Indeed, only 6% of included patients had a favourable RPA
class | and about a third of the included patients had a
Karnofsky performance status <70.

At the end of the last century, three recursive partitioning
analysis (RPA) classes in patients with brain metastases were
identified [12]. The RPA class is a predictor for OS in patients
with brain metastases; with a median survival of 7 months in
RPA class |, dropping to 2 months in RPA class Il [5]. The
more recent diagnosis specified-graded prognostic assess-
ment (DS-GPA) outperformed the initial GPA, but also found
a much lower OS of only 3.6 months [13].

A second point of criticism on the QUARTZ trial results
was that patients with a more favourable primary tumour,
such as breast cancer, could maybe benefit more from WBRT.
Several studies which included patients with brain metastases
from various primary tumours, describe higher median surviv-
als after WBRT, namely between 2 and 6 months [14-16].
However, trial populations may not always be a representa-
tive sample of the total population due to restrictive trial eli-
gibility criteria and may therefore provide a biased picture of
‘daily radiotherapy practice’ [17].

In the present study, we tried to support the aforemen-
tioned two criticisms raised against the QUARTZ study. We
investigated survival in patients with brain metastases from
NSCLC and breast cancer treated with WBRT in ‘daily radio-
therapy practice’ using a large multicentre retrospective
cohort in the Netherlands.

Methods

Out of the 21 Dutch radiotherapy institutions, 15 academic
and non-academic centres with a cancer registration partici-
pated in this retrospective survival analysis of all patients
with brain metastases from NSCLC or breast cancer (BC)

who received WBRT between January 2000 and December
2014.

Data were retrieved from the hospitals’ local data registra-
tion systems because no Dutch nationwide registration for
patients with brain metastases exists. The following data
were recorded: age at time of treatment, year of treatment,
sex, primary tumour site, date of treatment and date of
death/last follow-up. No thorough information was available
on metastatic load (i.e, number and volumes of brain meta-
stases). If the last follow-up date was not available, the date
of death was locally retrieved from the Dutch Municipal
Personal Records Database. All data were retrieved in 2016 or
2017 to ensure a minimum follow up of at least 12 months.
The anonymized patient data were collected in a central
database.

Radiotherapy

All patients received 20 Gy external beam radiotherapy in five
fractions of 4 Gy. Two (conventional or IMRT) opposed lateral
fields were applied with a linear accelerator using 6 MeV or
10MeV photons. The target volume included at least the
entire brain. Radiation fields could be extended to include
the lower border of the body of vertebra C2. Treatment pos-
ition was supine and a thermoplastic fixation mask was used
to minimize movement.

Statistical analyses

All data were analysed using the statistical package IBM SPSS
Statistics for Windows 20.0 (IBM Corporation, Armonk, NY,
USA). Continuous and categorical variables were summarized
by descriptive statistics. Descriptive data are given as a mean
(xstandard deviation) or median (range). Patients were
grouped into four age-groups: <50, 50-60, 60-70 and >70
years. The treatment period was divided into three periods:
2000-2006, 2007-2010 and 2011-2014. Periods were chosen
in accordance with the wide availability of trastuzumab
(2007) and EGFR mutation analyses (2011) in the
Netherlands. Furthermore, in 2011 a new guideline was
implemented urging a more restrictive use of WBRT in
patients with poor performance. Overall survival was calcu-
lated from the start of radiotherapy until the date of death
or last follow-up alive, using the Kaplan-Meier method with
the log rank test to determine significance. Data were cen-
sored at the last follow-up for patients still alive. Univariate
and multivariable Cox proportional hazards models were fit
to evaluate the impact of factors predictive of survival. The
following factors were used in multivariable analyses: treating
institute, primary tumour, age group and treatment period.
All testing was two-tailed with .05 as level of significance.

Results
Patients

A total of 6325 patients treated with WBRT for brain metasta-
ses of NSCLC or breast cancer with retrievable data were
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Table 1. Patient characteristics and median overall survival of NSCLC and breast cancer patients with brain metastases who were treated

with WBRT.
NSCLC Breast cancer
Treatment period 01-01-2000 to 31-12-2006 2.3 months (95% Cl: 2.1-2.6)* 3.7 months (95% Cl: 3.1-4.3)°
N=690 N=451
01-01-2007 to 31-12-2010 2.7 months (95% Cl: 2.6-2.9)* 3.7 months (95% Cl: 3‘1—4‘2)§
N=1524 N =646
01-01-2011 to 31-12-2014 2.9 months (95% Cl: 2.7-3.1)* 3.6 months (95% Cl: 3.2—4.0)§
N=2149 N =865
Sex Male 2.5 months (95% Cl: 2.3-2.6)* 1.1 months (95% Cl: 0.0-7.3)¥
N=2137 N=10
Female 3.2 months (95% Cl: 2.9-3.4)* 3.8 months (95% Cl: 3.4-4.1)¥
N=1622 N=1764
Unknown 3.0 months (95% Cl: 2.6-3.3)* 2.7 months (95% Cl: 2.2-3.3)¥
N =604 N=188
Age (years) <50 4.0 months (95% Cl: 3.5-4.5)* 4.5 months (95% Cl: 4.0-5.0)"
N =489 N=576
50-59 3.1 months (95% Cl: 2.9-3.4)* 3.8 months (95% Cl: 3.3-4.3)*
N=1202 N=573
60-69 2.8 months (95% Cl: 2.6-3.0)* 3.2 months (95% Cl: 2.7-3.7)"
N=1554 N=495
>70 2.1 months (95% Cl: 2.2-2.3)* 2.8 months (95% Cl: 2.5-3.1)"
N=1118 N=318
*p < 0.001.
¥p =0.001.
p =0.047.
§p=0.43.
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Figure 1. Overall survival after WBRT for brain metastases.
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identified. Of these, 4363 had brain metastases from NSCLC
(69%) and 1962 from primary breast cancer (31%). The
median age was 62 years (range 23-92 years) for the entire
cohort, 58 years (range 23-92 years) for the breast cancer
group and 63 years (range 26-90 years) for the NSCLC group.
The patient characteristics are reported in Table 1. One insti-
tution was only able to recollect data on breast cancer
patients and two institutions were unable to identify sex
from their datasets.

Overall survival

The median survival was 2.7 months (95% Cl: 2.6-2.8 months)
for NSCLC patients and 3.7 months (95% Cl: 3.4-3.9 months)
for breast cancer patients (p <.001) (Figure 1). Survival at 2,
6, 12 and 24 months was 62%, 26%, 10% and 2%, respect-
ively, for the patients with NSCLC. For breast cancer patients,
survival at 2, 6, 12 and 24 months was 70%, 36%, 19% and
6%, respectively. In univariate analyses, survival was corre-
lated to primary tumour, age, sex, treatment period and
treating institute (Table 1, Figures 2 and 3).

Multivariable analyses results are reported in Table 2.
NSCLC and old age had a statistically significant worse

survival while female sex had a statistically significant better
survival.

Discussion

Survival after WBRT in this large cohort of Dutch patients with
brain metastases in ‘standard radiotherapy practice’ is poor
and comparable to that found in the QUARTZ-study, and is
considerably worse than in most other prospective studies.
The survival of patients with brain metastases from breast
cancer is somewhat better than from NSCLC. Elderly patients
do worse than younger patients, both in breast cancer and in
NSCLC. Similarly, male patients do worse than female patients.

Apart from the QUARTZ trial, survival in prospective clin-
ical trials on brain metastases treated with WBRT in NSCLC
tend to be higher than we reported with a median survival
of 5.2-7.2 months and even higher when combined with sys-
temic therapy [3]. However, in cohort studies overall survival
tends to be 2-3 months, which is very comparable to our
findings [15,18].

Survival for patients with brain metastases from breast
cancer is only marginally better compared to NSCLC (2.7 ver-
sus 3.7 months). Our assumption that patients with brain

Survival by age in NSCLC patients
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Figure 2. Overall survival after WBRT for brain metastases from primary NSCLC, stratified by age-group.
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Survival by age in breast cancer patients
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Figure 3. Overall survival after WBRT for brain metastases from primary BC, stratified by age group.

metastases of a tumour type with a more favourable progno-
sis would profit more from WBRT is an argument not sup-
ported by evidence.

A matched pair comparison between WBRT and BSC for
brain metastasis did not find a correlation between tumour
type and benefit from WBRT [16]. Only patients with brain
metastasis from SCLC, a known radiosensitive disease, had a
significantly better survival after WBRT than after BSC [16].

We found a statistically significant correlation between
age and survival, as was found in the QUARTZ trial. The
median age in our group (62 years) was similar to that in the
QUARTZ trial (66 years). The impact of age on survival seems
larger in NSCLC compared to breast cancer patients, which
has been observed previously [19,20].

We found a significantly better survival in women with
NSCLC (3.2 months, N=1622) compared with men (2.5
months, N=2137). This difference has been attributed to dif-
ferences in epidemiology, biology, genetics, sex-related hor-
monal factors and treatment responses [21]. For breast cancer,
male numbers were too low for conclusions. In the QUARTZ
data no significant difference for sex was seen. As no multi-
variable analyses were reported and patients were not strati-
fied by age, no conclusions can be drawn from that study
concerning the effect of sex on the outcome after WBRT.

Over the years, systemic treatment has slightly increased
the survival of patients with metastatic disease. However, we
did not see an improvement in OS over time in our cohorts.
Perhaps this is due to a limited effect of systemic treatment
on brain metastases because of poor passage of the blood
brain barrier. Another explanation could be that with the
increase of SRS, patients currently treated with WBRT are in
fact more likely to be at the end stage of the disease than in
the past, and only few will receive systemic treatment. As we
did not have data on the time between diagnose of brain
metastases and the start of WBRT, we could not evaluate
such a potential effect.

According to the Dutch guidelines from 2011, patients
were eligible for SRS or surgery if their RPA class | was or Il
they had a maximum of three brain metastases of maximum
3.5-4cm each and if they had limited or treatable extracra-
nial disease. As this was a consensus guideline, it likely
reflected daily practice in the Netherlands for the previous
years. The aforementioned guideline explicitly advises refrain-
ing from WBRT in patients with an RPA class lIl. In daily prac-
tice, still 11-21% of patients receiving WBRT are in RPA class
Il and only 6% are in RPA class | [20,22]. In the QUARTZ
study also 6% were in RPA class I. Because of the low preva-
lence of RPA class | in both series, we cannot make any
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Table 2. Multivariable analyses for overall survival of NSCLC and breast cancer
patients with brain metastases who were treated with WBRT.

Hazard ratio (95% Cl) p Value
Treating institute
Institute 1 1 -
Other 1.00 (1.00-1.01) .53
Primary tumour
NSCLC 1 -
Breast cancer 0.83 (0.77-0.89) <.001
Age group
<50 1 -
50-60 1.05 (0.96-1.15) .25
60-70 1.19 (1.09-1.30) <.001
>70 1.34 (1.23-1.47) <.001
Treatment period
2000-2006 1.07 (1.00-1.15) .07
2007-2010 1.01 (0.95-1.07) 79
2011-2014 1
Sex
Male 1 -
Female 0.85 (0.79-0.90) <.001

recommendation on this group. Although a more aggressive
approach is often advocated, little if any evidence exists for
its efficacy.

There is a trend towards more use of SRS. In most clinical
guidelines, SRS is indicated in up to three brain metastases,
although the few RCTs in SRS for brain metastases did not
show a survival advantage in patients with more than one
metastasis [7,23]. Nevertheless, up to 10 metastases are
reported to have been successfully treated with SRS [24].
Unfortunately, these studies are predominantly single centre
studies without a control group. Although best local control
is seen when combining WBRT and SRS, this had a detrimen-
tal effect on QoL and neurocognitive functioning [25]. A
recently opened European study randomizes between SRS
and WBRT in patients with four or more brain metastases
[26]. With a primary endpoint of QoL, it will be interesting to
see whether SBRT can maintain QoL in this patient group.

In the QUARTZ trial, WBRT did not improve the QoL or
change the use of dexamethasone [9]. Although an indirect
measure, dexamethasone use could be considered a surro-
gate for clinically relevant symptoms of brain metastases.
QoL is known to deteriorate over time after WBRT [27-29].
This may in part be due to disease progression, however
WBRT itself may have a detrimental effect on QoL, due to
both acute toxicity and late toxicity [7,30]. Given the gener-
ally poor survival in this patient group, acute toxicity seems
most relevant. WBRT has a negative effect on both fatigue
and QoL in the first two months after treatment [29]. To date
there is no study showing the benefit of WBRT on symptoms
such as headaches or neurological deficits. As it does not
seem to affect survival either, the question arises if there is
any benefit from WBRT for the majority of patients. In our
cohort we see a small subgroup of patients that have a sub-
stantial longer survival.

Strengths and limitations

Since we had no data on intracranial tumour burden, extrac-
ranial disease status or performance status, we were unable
to compute RPA classes or (DS)GPA-scores. We also did not

have information on EGFR or ALK mutation status in NSCLC
patients, which reportedly has a substantial impact on sur-
vival in patients with brain metastases from NSCLC [3].
Likewise, there was no subdivision possible in the various
types of breast cancer. Furthermore, due to the absence of
QoL data, a temporary beneficial effect by WBRT cannot be
excluded. Finally, as we analysed only the patients treated
with 5x 4Gy, a hypothetical selection bias could have
occurred where patients with a presumed better prognosis
might have received a higher dose with a more fractionation
schedule, despite the lack of evidence available at that time
[31]. In the Netherlands, more protracted schedules have
only exceptionally been given, and have never been included
in the national guidelines. Nevertheless, this could have
impacted our findings.

However, our study includes a large number of patients
with data from the last 15 years of 75% of Dutch radiother-
apy institutions. Hence, we believe that our data reliably rep-
resents the outcomes of WBRT in daily clinical practice.

Conclusion

The survival of patients after WBRT for brain metastases from
NSCLC treated in Dutch ‘common radiotherapy practice’ is
poor, especially in the elderly. Survival for breast cancer
patients, whose disease is expected to result in a more pro-
longed prognosis, is disappointingly little better. These
results are in line with the results presented in the QUARTZ
trial and we advocate a much more restrictive use of WBRT.
In patients with a more favourable prognosis the optimal
treatment strategy remains to be determined. Prospective
randomized trials and individualized prognostic models are
needed to identify these patients and to tailor treatment.
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