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Whole-Brain Radiotherapy (WBRT) for Brain Metastases:
Does the Interval Between Imaging and Treatment Matter?
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Abstract. Background/Aim: Many patients with brain
metastases receive whole-brain radiotherapy (WBRT). An
important question is whether a delay between diagnosis of
brain metastases and treatment impairs the patient’s
prognosis. Patients and Methods: This retrospective study
investigated the impact of the interval between diagnosis of
brain metastases and WBRT plus ten additional factors on
overall survival (OS) in 573 patients. Prospective trials cannot
be performed due to ethical concerns. Results: On univariate
analyses, age (p<0.001), performance status (p<0.001),
controlled primary tumor (p=0.047), metastases outside the
brain (p<0.001) and completion of WBRT (p<0.001) were
associated with OS. The interval between diagnosis and
WBRT had no significant impact (p=0.84). On multivariate
analysis, age (p=0.047), performance status (p<0.001),
metastases outside the brain (p=0.029) and completion of
WBRT (p<0.001) maintained significance. Conclusion: WBRT
may be postponed for good reasons (multidisciplinary
coordination of treatment, missing histology). OS was
significantly associated with previously identified factors,
which demonstrates consistency of the present data.

Depending on the type of primary tumor, up to 30% of adult
cancer patients develop brain metastases during the course of
their malignant disease (1). The majority of these patients have
already more than three metastases at their first presentation.
This situation is often associated with a poor overall survival

*These Authors contributed equally to this work.

Correspondence to: Prof. Dirk Rades, MD, Department of
Radiation Oncology, University of Liibeck, Liibeck, Ratzeburger
Allee 160, 23562 Liibeck, Germany. Tel: +49 451 50045401, Fax:
+49 451 50045404, e-mail: rades.dirk@gmx.net

Key Words: Brain metastases, whole-brain radiotherapy, diagnostic
imaging, time to treatment, overall survival.

(OS). Therefore, whole-brain radiotherapy (WBRT) alone is the
most common treatment for this patient group. For patients with
a very limited number of brain metastases, WBRT may be
combined with a local treatment such as neurosurgical resection
or stereotactic radiosurgery (SRS)/fractionated stereotactic
radiotherapy (FSRT) (2). In patients with very few intracerebral
lesions and a low risk of developing new brain metastases
outside the treated lesions, SRS may be delivered without
WBRT (3). However, many patients with poor performance
status or significant co-morbidities and a few brain metastases
receive  WBRT alone because they would not tolerate
neurosurgery or SRS (4). Generally, it is considered important
that WBRT is started as soon as possible, because brain
metastases often cause significant symptoms such as headache,
nausea/vomiting and neurologic deficits (5, 6). Several issues
may cause a delay of up to two or three weeks between the
diagnosis of brain metastases and the start of WBRT, e.g.
presentation and discussion of the case in a multidisciplinary
tumor board, waiting for a definitive histology, treatment
planning, and sometimes even limited capacities of linear
accelerators. An important question is whether such a delay has
a negative impact on the patient’s prognosis. This question has
not yet been evaluated. Therefore, we investigated the potential
impact of the interval between diagnosis of brain metastasis and
start of WBRT on OS. In order to reduce the risk of a selection
bias due to the WBRT regimen, only patients assigned to
longer-course WBRT (overall treatment time 2-4 weeks) and
total doses of 30-40 Gy were included. The study is
retrospective in nature, because a prospective trial cannot be
performed due to ethical concerns. It would be unacceptable to
postpone WBRT only for study purposes, particularly in the
case of symptomatic brain metastases.

Patients and Methods

In this retrospective study, 573 patients were included who had
received longer-course WBRT alone between 2008 and 2017 for
brain metastases, with 30 Gy in 10 fractions over 2 weeks (N=185),
35-37.5 Gy in 14-15 fractions over 3 weeks (N=366) or 40 Gy in
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Table 1. Overall survival (OS) rates following WBRT (univariate analyses).

Factor At 3 months (%) At 6 months (%) At 9 months (%) At 12 months (%) p-Value
Interval between diagnosis of
brain metastases and WBRT

0-7 days 32 22 14 8

8-14 days 36 20 14 9

15-21 days 32 22 19 11 0.84
Gender

Female 37 23 17 11

Male 31 20 14 7 0.098
Age

<65 years 38 26 20 11

=66 years 29 17 10 7 <0.001
ECOG-PS

0-1 44 31 23 14

2 28 15 10 5

3-4 8 2 0 0 <0.001
Primary tumor type

Breast cancer 47 33 24 12

Non-small cell lung cancer 32 22 17 12

Small cell lung cancer 34 22 15 5

Malignant melanoma 28 17 11 11

Colorectal cancer 24 15 11 0

Cancer of unknown primary 18 12 6 0

Other tumors 33 15 7 5 0.055
Controlled primary tumor

No 32 21 14 9

Yes 39 27 20 10 0.047
Number of brain metastases

1-3 34 24 19 11

=4 33 20 13 7 0.056
Type of imaging

Magnetic resonance imaging 34 22 16 9

Computed tomography 31 21 12 8 0.25
Metastases outside the brain

No 66 49 43 33

Yes 31 20 14 7 <0.001
WBRT regimen

30 Gy in 10 fractions 30 17 11 8

35-37.5 Gy in 14-15 fractions 35 23 16 9

40 Gy in 20 fractions 36 27 27 14 0.22
Completion of WBRT

No 4 2 2 1

Yes 41 27 19 11 <0.001

WBRT: Whole-brain radiotherapy; ECOG: Eastern Cooperative Oncology Group; bold values=significant p-values.

20 fractions over 4 weeks (N=22). The fractionation regimen did
depend on institutional preferences and physicians’ choices at
certain periods of time. WBRT was performed after computed-
tomography (CT)-based treatment planning with 6 MV-photon
beams from a modern linear accelerator. Patients had an integrated
head mask to maintain a stable position and reproducibility of the
radiotherapy during each treatment.

The diagnosis of cerebral metastases was confirmed by magnetic
resonance imaging (MRI) (N=390) or CT (N=183). The major goal
of this study was to investigate whether the time interval between
the diagnosis of brain metastasis on MRI or CT and the start of
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WBRT had an impact on the patients’ overall survival (OS). In
addition to the time interval (0-7 vs. 8-14 vs. 15-21 days), ten other
factors were evaluated for potential associations with OS, including
gender, age (<65 vs. =66 years, median=66 years), Eastern
Cooperative Oncology Group performance score (ECOG-PS) (0-1
vs. 2 vs. 3-4), type of primary tumor (breast cancer vs. non-small
cell lung cancer (NSCLC) vs. small cell lung cancer (SCLC) vs.
malignant melanoma vs. colorectal cancer vs. cancer of unknown
primary (CUP) vs. other tumors), controlled primary tumor (no vs.
yes), number of brain metastases (1-2 vs. =4), type of diagnostic
imaging for brain metastases (MRI vs. CT), presence of metastases
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outside the brain (no vs. yes), dose-fractionation regimen of WBRT
(30 Gy in 10 fractions vs. 35-37.5 Gy in 14-15 fractions vs. 40 Gy
in 20 fractions), and completion of the planned WBRT (no vs. yes).
The distribution of these ten factors in the three groups regarding
the interval between diagnosis of brain metastasis and WBRT is
shown in Table I. The comparisons between the three groups were
performed with the Chi-square test.

Time to death was counted from the last day of WBRT. The
univariate analyses of OS were performed with the Kaplan—-Meier
method, and the differences between the Kaplan—Meier curves were
assessed using the log-rank test (7). Those factors found to be
significant on univariate analyses (p<0.05) were subsequently
included in a multivariate analysis (Cox proportional hazards
model) to investigate whether these factors were independently
associated with OS.

Results

For the entire cohort, the OS rates at 3, 6, 9 and 12 months
following WBRT were 33%, 22%, 15% and 9%, respectively.
The median OS time from the end of radiotherapy was 2
months. On univariate analyses, younger age (p<0.001), better
ECOG-PS (p<0.001), a controlled primary tumor (p=0.047),
absence of metastases outside the brain (p<0.001) and
completion of the WBRT as planned (p<0.001) were
significantly associated with improved OS. In addition, breast
cancer (p=0.055) and 1-3 brain metastases (p=0.056) showed
a very strong trend. The time interval between diagnosis of
brain metastasis on MRI or CT and start of WBRT had no
significant impact on OS (p=0.84, Figure 1). The results of
the entire univariate analyses are summarized in Table II.

On multivariate analysis, age (Cox Proportional Hazards
Model) hazard ratio [HR]=1.24; 95% confidence interval
[CI]=1.00-1.53; p=0.047), ECOG-PS (HR=1.33; 95%CI=1.12—
1.56; p<0.001), metastases outside the brain (HR=1.49;
95%ClI=1.06-2.17; p=0.029) and completion of the WBRT as
planned (HR=3.56; 95%CI=2.62-4.81; p<0.001) maintained
their significant association with OS. The control of the primary
tumor did not achieve significance (HR=1.24; 95%CI=0.98-
1.58; p=0.081).

Discussion

Many patients with brain metastases have a very poor OS (1,
2, 8,9). In order to improve the prognoses of these patients,
personalized treatment approaches have become more
popular during recent years also for this group.
Personalization of treatment is generally based on decisions
made by multidisciplinary tumor boards often including
radiation oncologists, medical oncologists, neurosurgeons,
radiologists and pathologists. In cases of a single lesion, it
can be difficult for the radiologist to distinguish between
metastasis and a primary brain tumor, and additional
procedures may be helpful. Furthermore, histology is
important if no previous malignancy is known. These
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Figure 1. Comparison of the three time intervals between diagnosis of
brain metastasis on MRI or CT and start of WBRT ((0-7 vs. 8-14 vs. 15-
21 days) with respect to OS (univariate analysis).

procedures may cause a delay regarding the beginning of the
treatment. If a patient is selected to receive radiotherapy, this
could be WBRT, SRS/FSRT or a combination of both
modalities. However, SRS/FSRT is generally limited to very
few (up to 3-5) brain metastases (2, 10). The majority of
patients presenting with brain metastases have more than 3-
5 lesions and receive WBRT alone. Regarding treatment, the
question arises whether a delay in the start of WBRT has a
negative impact on the patient’s prognosis. The present study
aimed to answer this question in a cohort of 573 patients
treated with longer-course WBRT alone. According to its
results, the interval between first diagnosis of brain
metastases on MRI or CT and the start of WBRT had no
significant impact on OS up to 12 months following WBRT.

In contrast to the interval between diagnosis of brain
metastases and WBRT, several other factors were
significantly associated with OS on multivariate analysis,
including age, ECOG-PS, metastases outside the brain, and
completion of the WBRT as planned. In addition, control of
the primary tumor showed a trend to increase OS. Most of
these factors have been previously identified by other
studies performed to create predictive tools for estimating
OS in patients irradiated for brain metastases. The first and
most common of such tools, the recursive partitioning
analysis (RPA) classification, was published in 1997 and
based on the data from 1,200 patients of three randomized
trials who had received WBRT (11). This tool included three
prognostic groups (RPA classes I, II and III) with median
OS times of 7.1 months, 4.2 months and 2.3 months. The
three classes were designed based on four independent
prognostic factors for OS, including Karnofsky performance
score, age, metastases outside the brain, and control of the
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Table II. Distribution of the investigated factors in the three groups regarding the interval between the diagnosis of brain metastases until the start

of WBRT.
Factor 0-7 days 8-14 days 15-21 days p-Value
N patients (%) N patients (%) N patients (%)

Gender

Female (N=245) 123 (42) 89 (46) 33 (40)

Male (N=328) 172 (58) 106 (54) 50 (60) 0.95
Age

<65 years (N=272) 148 (50) 92 (47) 32 (39)

=66 years (N=301) 147 (50) 103 (53) 51 (61) 0.62
ECOG-PS

0-1 (N=304) 157 (53) 113 (58) 34 (41)

2 (N=182) 94 (32) 56 (29) 32 (39)

3-4 (N=87) 44 (15) 26 (13) 17 (20) 0.55
Primary tumor type

Breast cancer (N=57) 34 (12) 19 (10) 4(5)

Non-small cell lung cancer (N=282) 127 (43) 106 (54) 49 (59)

Small cell lung cancer (N=105) 54 (18) 36 (18) 15 (18)

Malignant melanoma (N=18) 8 (3) 503) 5(6)

Colorectal cancer (N=33) 24 (8) 7 (4) 2(2)

Cancer of unknown primary (N=17) 8(3) 7 4) 2(2)

Other tumors (N=61) 40 (14) 15 (8) 6 (7) 0.14
Controlled primary tumor

No (N=317) 156 (53) 111 (57) 50 (60)

Yes (N=114) 61 (21) 39 (20) 14 (17)

Unknown (N=142) 78 (26) 45 (23) 19 (23) 0.98
Number of brain metastases

1-3 (N=202) 92 (31) 70 (36) 40 (48)

>4 (N=371) 203 (69) 125 (64) 43 (52) 0.14
Type of imaging

Magnetic resonance imaging (N=390) 195 (66) 139 (71) 56 (67)

Computed tomography (N=183) 100 (34) 56 (29) 27 (33) 0.92
Metastases outside the brain

No (N=50) 17 (6) 23 (12) 10 (12)

Yes (N=464) 255 (86) 145 (74) 64 (77)

Unknown (N=59) 23 (8) 27 (14) 9 (11) 0.13
WBRT regimen

30 Gy in 10 fractions (N=185) 89 (30) 67 (34) 29 (35)

35-37.5 Gy in 14-15 fractions (N=366) 197 (67) 119 (61) 50 (60)

40 Gy in 20 fractions (N=22) 9(3) 9 (5) 4(5) 0.96
Completion of WBRT

No (N=125) 69 (23) 36 (18) 20 (24)

Yes (N=4438) 226 (77) 159 (82) 63 (76) 0.86

WBRT: Whole-brain radiotherapy; ECOG: Eastern Cooperative Oncology Group.

primary tumor. Another very commonly used tool is the
graded prognostic assessment (GPA) score published in
2008 (12). This prognostic instrument was created based on
the data of patients from five randomized trials who
received WBRT, which was supplemented by an SRS boost
in one arm of a trial. The GPA score included four
prognostic groups with median OS times of 2.6, 3.8, 6.9 and
11.0 months, respectively, and was based on Karnofsky
performance score, age, metastases outside the brain and
number of brain metastases (12). In the present study, the
number of brain metastases did not achieve significance on
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univariate analysis but showed a trend for an association
with OS (p=0.056). An independent predictor of OS that
was not previously described for WBRT of brain metastases
is completion of the WBRT as planned. In the present study,
this factor was highly significant (p<0.001). The reason for
non-completion of WBRT mostly is a decline in the
patient’s performance status due to progression of the
malignant disease or to other complications such as
pneumonia or pulmonary embolism leading to an early
death. Only 4% of these patients survived 3 months or
longer following WBRT.
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The comparably poor OS in our study may reflect the
current trend to avoid WBRT whenever reasonably possible,
particularly in patients with few brain metastases and a
favorable OS prognosis, and to use SRS/FSRT alone instead.
Two randomized trials have demonstrated that the addition of
WBRT to SRS/FSRT leads to a significantly more pronounced
decline in neurocognitive function than SRS/FSRT alone (13,
14). In the trial of Chang et al., the rates of neuro-cognitive
deficits (compared to baseline) at 4 months following
irradiation were 96% with and 24% without WBRT (p<0.001)
(13). In the Alliance trial, the corresponding rates at 3 months
were 92% and 64%, respectively (p<0.001) (14). Another trial
from Japan suggested that using SRS/FSRT alone without
WBRT was reasonable for up to 10 metastases (15, 16). The
authors found no significant difference between patients with
2-4 lesions and those with 5-10 lesions with respect to median
OS (10.8 vs. 10.8 months), grade 3-4 adverse events (2% vs.
3%) and neuro-cognitive decline after 4 years (14% vs. 11%).
However, despite the data that led to a decrease in the
proportion of patients with brain metastases receiving WBRT
alone, many patients, particularly patients with multiple brain
metastases and/or a poor performance status, will continue to
be candidates for WBRT alone. When WBRT is used, modern
approaches such as hippocampal sparing and concurrent
treatment with memantine should be considered to reduce the
risk of treatment-related neuro-cognitive deficits (17, 18).

In the present study, the time interval between diagnosis
of brain metastasis using MRI or CT and start of WBRT had
no impact on OS. Thus, if difficult treatment decisions
require multidisciplinary coordination, or waiting for a
definitive histology is important prior to the start of
treatment, WBRT may be postponed for some days.
However, since brain metastases are often associated with
significant clinical symptoms, WBRT should be started as
soon as reasonably possible. Corticosteroids can be used to
help with symptoms as well. In contrast to the interval
between diagnosis of brain metastasis and WBRT, OS was
significantly associated with the pre-treatment factors age,
performance status and metastases outside the brain. These
factors have been previously identified as independent
predictors of OS in patients irradiated for brain metastases,
which demonstrates consistency of the data of the present
study with the literature and supports validity of the results.
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