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Abstract

Purpose To study survival outcomes and prognostic factors in patients undergoing whole brain radiation therapy (WBRT)
for brain metastases in the contemporary setting.

Methods Patients undergoing WBRT from 2013-2021 were retrospectively included in an ethics-approved institutional
database. Patient and treatment characteristics were assessed, including patient age, primary tumor histology, Karnofsky
Performance Status (KPS), extracranial disease, as well as WBRT dose. Overall survival (OS) was calculated from onset
of WBRT using the Kaplan-Meier method.

Results A total of 328 patients (median age 63 years) were included. Most patients (52%) had > 10 brain metastases, and
17% had leptomeningeal disease. WBRT was delivered with 10x3 Gy (64%), 5% 4 Gy (25%), or other regimens (11%).
Median follow-up was 4.4 months (range, 0.1-154.3), and median OS was 4.7 months (95%ClI, 3.8-6.0). OS differed
between histologies (p=0.01), with the longest survival seen in breast cancer (median 7.7 months). Patients with KPS of
90-100 survived for a median of 8.3 months, compared to 4.1 months with KPS 70-80, and 1.7 months with KPS <70
(p<0.01).

Multivariate analyses revealed that KPS had the largest impact on survival. Patients who received a WBRT dose of =30 Gy
also had a reduced risk of death (HR 0.45; p<0.001). Survival differed between subgroups reclassified according to the
Rades scoring system (p<0.01).

Conclusion Survival outcomes of patients undergoing WBRT in the contemporary era appear comparable to historical
cohorts, although individual patient factors need to be considered. Patients with otherwise favorable prognostic factors may
benefit from longer-course WBRT.
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Introduction the life expectancy of patients, who may be more likely

to develop BM over the course of their disease [1]. Out

Brain metastases (BM) are a common occurrence in patients
with cancer, and a significant cause of morbidity and mor-
tality. The relevance of BM is increasing due to advances
in cancer detection and treatment, which have increased
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of all cancer patients, 20-40% will develop BM, which
most commonly occur in patients with lung cancer, fol-
lowed by breast cancer [2, 3]. Most patients with BM have
a poor prognosis, with early studies having reported a me-
dian survival of approximately 1 month in patients who
were left untreated [4, 5]. Current treatment options include
whole brain radiation therapy (WBRT), stereotactic radio-
therapy including stereotactic radiosurgery (SRS), neuro-
surgical resection, systemic anti-cancer therapies, dexam-
ethasone, best supportive care (BSC) or a combination of
the above [6, 7]. Both initial treatment methods and over-
all survival (OS) of patients with BM have changed over
the last decades. An analysis of patients treated between
1986-2020 revealed that the use of SRS as well as systemic
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treatment had increased, whereas a decline in neurosurgical
resections was observed. Median OS improved from 5 to
7 months over this time period [8].

As a standard treatment for patients with multiple BM,
WBRT aims to improve neurological symptoms and qual-
ity of life (QoL), prevent additional symptoms and prolong
survival [9]. In the past, the toxicity of WBRT appeared
less relevant due to the poor life expectancy of patients
with BM, as well as the lack of effective treatment alter-
natives. This has changed due to improvements in OS for
many patients with BM, for whom the negative effects of
WBRT have gained significance [10, 11]. Acute side ef-
fects, which are mostly temporary, may include headaches,
fatigue, nausea, erythema, and loss of hair. Late side effects
may persist, and this includes neurocognitive decline as the
most feared complication after WBRT. Potential side effects
must be weighed against the benefits of WBRT in the pal-
liative setting. A randomized study in non-small cell lung
cancer (NSCLC) patients with BM who were unsuitable for
surgery or SRS showed no difference in OS when WBRT
was added to BSC (including dexamethasone) [7]. Despite
known limitations of the study [12], this questions the clin-
ical benefit of WBRT especially in patients with a very
poor prognosis, and emphasizes the need for individualized
assessment in this setting.

A variety of scoring systems have been developed to
predict survival outcomes in patients with BM. Recursive
partitioning analysis (RPA) was the first scoring system to
be widely used in clinical practice. Published in 1997, the
system differentiated three classes, with RPA class 1 pa-
tients having the best and RPA 3 the poorest prognosis.
The classes were primarily based on the Karnofsky Per-
formance Status (KPS) of the patients [13]. Graded Prog-
nostic Assessment (GPA) is another index that has been
used to predict the survival of patients with BM. First pub-
lished in 2008, the score has since been revised to gener-
ate diagnosis-specific (DS-)GPA indices, and to incorporate
molecular markers [6, 14—16]. Other scoring systems in-
clude Score Index for Radiosurgery (SIR), Basic Score for
Brain Metastases (BSBM) and the Golden Grading System
(GGS), which estimates survival of patients treated with
SRS [17-19]. In 2008, Rades et al. published a different
scoring system that specifically estimated survival of pa-
tients with BM who were treated with WBRT. Their anal-
ysis identified four prognostic factors, which were used to
calculate four prognostic groups (A-D): age, KPS, the pres-
ence of extracranial metastases, and interval between tumor
diagnosis and WBRT [20, 21]. The Rades score can be used
to estimate survival after WBRT, and identify patients who
may be better treated with short-course (e.g. 5 x 4 Gy) rather
than longer course WBRT. However, the Rades score was
based on a retrospective analysis of patients undergoing
WBRT between 1992 and 2005. Since then, stereotactic ra-

diotherapy techniques have been widely adopted, including
SRS as a now common approach for patients with multi-
ple BM. Furthermore, the landscape of systemic treatment
options has evolved significantly. Both the characteristics
and treatment outcomes of patients undergoing WBRT are
therefore likely different in current practice, which ques-
tions the validity of prognostic scores. This study aims to
investigate survival outcomes of patients undergoing WBRT
in the contemporary era, which may also support clinical
decision making in this palliative setting.

Methods

This retrospective study included patients with brain metas-
tases undergoing WBRT from 2013-2021 at the University
Hospital of Basel in Basel, Switzerland. The project was
approved by the Ethics Committee of Northwestern and
Central Switzerland. No funding was received for the plan-
ning or conduct of this study.

Patients with brain metastases were identified by scan-
ning the department’s radiation oncology information sys-
tem MOSAIQ (Elekta, Sweden) for diagnoses with an ICD-
10 code of C79.3 (secondary malignant neoplasm of brain
and cerebral meninges). Patient demographics and clinical
parameters were collected from electronic medical records.
This data was anonymised using an external data catalogue,
and stored on a study-specific Castor EDC platform (Castor,
USA). All cases were manually reviewed, with exclusion
of patients who did not receive WBRT (e.g. patients who
underwent SRS only, or those who received prophylactic
rather than therapeutic WBRT).

All patients had undergone WBRT on an Elekta Syn-
ergy (Elekta, Sweden) linear accelerator using either 3D-
conformal radiotherapy (3DCRT) or volumetric modulated
arc therapy (VMAT) with 6 MV photons. The recorded
patient and treatment characteristics included factors such
as patient age, KPS, primary tumor histology, number of
brain metastases, extracranial tumor burden, as well as
WBRT dose and fractionation. A focal boost to one or mul-
tiple metastases was delivered on an individual basis (e.g.
in fitter patients, or when lesions were considered to be
symptomatic). Magnetic resonance (MR) and/or computed
tomography (CT) imaging of the brain was available in
all cases. Survival outcomes were obtained from hospital
records, including correspondence with external institu-
tions, and directly from family physicians in selected
cases.

OS was calculated from onset of WBRT using the Ka-
plan Meier (KM) method. A multivariate Cox regression
analysis was performed to calculate the hazard ratio (HR)
of death after WBRT, using the following variables: sex,
age group (<50, 51-70, >70 years), KPS (<70, 70-80,
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90-100), primary tumor type, controlled primary (e.g. after
surgical resection), extracranial metastases, leptomeningeal
disease, and WBRT dose applied (<30Gy or =30Gy; ex-
cluding patients who stopped treatment early due to clini-
cal deterioration). In addition, patients were classified ac-
cording to the Rades Scoring System based on age, KPS,
extracranial metastases at the time of WBRT, and inter-
val from tumor diagnosis to WBRT [20]. Statistical analy-
ses were performed using RStudio Version 2023.03.0+386
(RStudio, USA).

Results

A total of 328 patients were identified and included in
the analysis. The characteristics of these patients are sum-
marized in Table 1. Patients were a median of 63 years
(range, 29-85) old at time of WBRT. The proportion of
male and female patients was 44% (n=145) and 56% (n=

Table 1 Characteristics of patients who underwent WBRT for brain
metastases

Patients (n=

328)
Sex Male 145 (44%)
Female 183 (56%)
Age, median 63 (29-85)
(range), y
Karnofsky <70 58 (18%)
Performance Status 70-80 170 (52%)
90-100 100 (30%)
Primary tumor Non-small cell lung 135 (41%)
histology cancer
Breast 73 (22%)
Small cell lung cancer 42 (13%)
Melanoma 30 (9%)
Other 48 (15%)
Number of brain <3 79 (24%)
metastases 4-9 77 (23%)
>10 172 (52%)
Leptomeningeal Yes 56 (17%)
disease No 272 (83%)
Extracranial Yes 262 (80%)
disease No 66 (20%)
Primary tumor Yes 159 (48%)
controlled No 169 (52%)
WBRT regimen 10x3 Gy 210 (64%)
5% 4Gy 82 (25%)
6x4Gy 12 (4%)
Other 24 (7%)
Boost to Yes 37 (11%)
macroscopic No 291 (89%)

disease

Abbreviations: WBRT whole brain radiation therapy
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183), respectively. The most common primary tumor histol-

ogy was NSCLC (41%), followed by breast cancer (22%),
small cell lung cancer (SCLC; 13%) and melanoma (9%).
Less common primary tumors (all with < 10 cases included)
were prostate (3%), esophageal and gastric (2%), gyneco-
logical (2%), colorectal (1%), head and neck (1%), and
other including undifferentiated histologies (5%). In pa-
tients with NSCLC, targetable mutations in the epidermal
growth factor receptor (EGFR) and anaplastic lymphoma
kinase (ALK) genes were known to be present in 8% and
4% of cases, respectively. In patients with breast cancer,
human epidermal growth factor receptor 2 (HER2) muta-
tions were present in 27% of cases, whereas 22% had triple-
negative disease.

The initial treatment intent, at time of first cancer diag-
nosis, was curative in 145 patients (44%), and palliative in
183 patients (56%). The median KPS at time of WBRT was
80 (range, 30—100), and extracranial disease was present in
80% of patients. Most patients had =10 brain metastases
(n=172; 52%), with the remaining patients having either
4-9 (n=177;23%) or <3 metastases (n="79; 24%). Evidence
of leptomeningeal disease (with or without parenchymal
metastases) was present in 56 patients (17%).

The most common WBRT dose-fractionation scheme
was 30 Gy in 10 fractions (n=210; 64%), followed by 20 Gy
in 5 fractions (n=82;25%), and 24 Gy in 6 fractions (n=12;
4%). The remaining 24 patients (7%) were treated with in-
dividual dose-fractionation schemes (total dose 18—-46 Gy in
4-23 fractions). A focal boost to macroscopic disease was
delivered in 37 patients (11%). Patients treated in > 10 frac-
tions had a better KPS than those treated in <10 fractions
(p<0.01), although age was not different between these
groups (p=0.21). WBRT was completed as scheduled by
302 (92%) patients. In the remaining 26 patients (8%),
WBRT was stopped early due to clinical deterioration or
patient choice.

Median follow-up was 4.4 months (range, 0.1-154.3
months). The KM estimates of survival are shown in Fig. 1.
Median OS for the entire cohort was 4.7 months (95%ClI,
3.8-6.0) after WBRT. OS differed between primary tumor
type (p<0.01; Fig. la), with the longest survival seen in
patients with breast cancer (median 7.7 months; 95%ClI,
5.1-10.2). In comparison, patients undergoing WBRT for
metastases of NSCLC (the largest subgroup) had a median
OS of 4.8 months (95%CI, 3.2-6.1). Patients with SCLC
and melanoma had a median OS of 3.5 months (95%CI,
2.1-6.4) and 4.6 months (95%CI, 2.0-9.2), respectively,
whereas patients with other histologies had a median OS
of 3.0 months (95%CI, 1.7-4.9). OS also differed between
patients stratified by KPS (p<0.01; Fig. 1b). Patients with
a KPS of 90-100 survived for a median of 8.3 months
(95%CI, 7.0-13.0), compared to 4.1 months (95%CI,
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Fig. 1 Kaplan-Meier estimates of overall survival following WBRT for brain metastases, stratified by primary tumor type (left panel) and KPS
(right panel). More favorable survival outcomes were observed in patients with breast cancer, as well as in those with a good performance status.
Abbreviations: KPS Karnofsky Performance Status, NSCLC non-small cell lung cancer, SCLC small cell lung cancer, WBRT whole brain radiation
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Fig.2 Multivariate Cox regression analysis showing the HR of death after WBRT in patients with brain metastases. Abbreviations: HR hazard
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Fig.3 OS in patients classified according to the Rades scoring system,
which was previously developed for patients undergoing WBRT for
brain metastases. Survival outcomes differed between Rades subgroups
in this more contemporary cohort, with a stepwise increase in OS seen
from group A (poorest outcome) to D (best outcome). Abbreviations:
OS overall survival, WBRT whole brain radiation therapy

3.5-6.1) in patients with KPS 70-80, and 1.7 months
(95%CI, 1.2-2.6) in patients with KPS <70 (p<0.01).

Results of the multivariate Cox regression analysis are
shown in Fig. 2. Neither the patients’ sex nor age group
were significant covariates for death after WBRT in our
cohort. The covariate with the largest effect size was KPS,
with a HR of 0.50 and 0.35 for patients with KPS 70-80 and
90-100, respectively (p<0.001). The lowest HR of death
was seen in patients with breast cancer (HR 1.0; reference),
whereas patients with metastases from melanoma (HR 2.01;
p=0.007) and SCLC (HR 2.12; p=0.002) appeared to have
the worst outcomes. The presence of extracranial metas-
tases (HR 1.48; p=0.016) and leptomeningeal disease (HR
1.58; p=0.012) was detrimental, whereas primary tumor
control was not a significant factor (HR 0.95; p=0.738)
in the model. In patients who completed WBRT as sched-
uled (n=302), those who received a dose of >30Gy had
a significantly lower HR of death (HR 0.45; p<0.001) than
those who had received <30Gy. Delivery of a boost to
macroscopic disease was not associated with a lower HR
of death, although a statistical trend could be observed (HR
0.70; p=0.089).

Patients were reclassified according to the Rades scor-
ing system, as described previously [20]. The KM esti-
mates of OS for these different subgroups are shown in
Fig. 3. Survival outcomes differed between subgroups based
on the Rades scoring system (p<0.01): median OS was
1.9 months (95%CI, 1.4-3.6), 2.7 months (95%CI, 2.2-3.6),
6.1 months (95%CI, 4.8-7.6) and 14.5 months (95%ClI,
6.4-44.0) for groups A-D, respectively. The 6-month sur-
vival rates for groups A-D were 17% (95%ClI, 8-35%),
31% (95%Cl1, 22-44%), 50% (95%CI, 44-58%) and 66%
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(95%CI, 50-85%). For reference, the 6-month survival rates
in the original Rades cohort were 6%, 15%, 43% and 76%
for groups A-D, respectively [20].

Discussion

We report on the survival outcomes of patients undergo-
ing WBRT for brain metastases in a contemporary setting.
Overall, the survival outcomes appeared comparable to his-
torical controls, reflecting the poor prognosis of patients
with (multiple) brain metastases. However, we also ob-
served significant differences between subgroups, and we
identified prognostic factors which may assist clinical de-
cision making in this setting.

Comparing outcomes of different cohorts is difficult due
to a heterogeneity in patient selection, which may mask
potential differences due to other factors, such as available
treatment options. Our observation period of 2013-2021
covers a time during which the use of SRS has become
more widespread, including in patients with multiple brain
metastases. Furthermore, improvements in systemic thera-
pies, including targeted agents with central nervous system
(CNS) activity, have altered the treatment landscape for
patients with brain metastases. In conjunction, these devel-
opments could have shifted the use of WBRT to later dis-
ease stages, when other approaches have failed and/or are
no longer available. However, some patients with a very
poor prognosis may have also been spared WBRT in the
modern era. This may be particularly after 2016, when the
QUARTZ trial suggested that WBRT offers little clinical
benefit in NSCLC patients with brain metastases who are
unsuitable for surgical resection or stereotactic radiotherapy
[7]. The uncertainty surrounding WBRT outcomes in a con-
temporary era therefore led us to analyze our institutional
outcomes in this cohort.

Overall, with a median OS of 4.7 months, our sur-
vival outcomes appear comparable to earlier WBRT series.
A Japanese series of 111 patients (67% NSCLC) reported
a median OS of 3.6 months after WBRT, and suggested that
elevated lactate dehydrogenase (LDH) is an independent
negative predictor for survival [22]. A Korean study used
a large-scale health insurance claims database to identify
patients who underwent radiotherapy for brain metastases,
and reported a relatively long median OS of 8.4 months af-
ter WBRT, although most patients still died within the first
year [23]. In contrast, median OS was only 2.5 months in
a German series of 339 patients undergoing WBRT [9]. Dif-
ferent studies have sought to develop predictive models for
survival, including a study from Thailand, which reported
a median OS of 5.1 months in 389 patients who underwent
WBRT for metastatic NSCLC [24]. We observed a similar
median OS of 4.8 months in patients with NSCLC, which
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is notably better than the 2.1 months reported in QUARTZ,
likely reflecting the selection of patients with a very poor
prognosis for that trial [7, 12]. In addition, patients in
QUARTZ received only 5 x 4 Gy, which may be considered
a suboptimal dose based on our own observations.

Our analysis confirmed that a patient’s general condition,
as measured by KPS, appears to be the most significant pre-
dictor for survival in patients undergoing brain radiother-
apy, whereas age was not a significant factor in our cohort.
Patients with brain metastases from breast cancer had the
best prognosis, whereas extracranial metastases and lep-
tomeningeal disease were prominent negative predictors.
Notably, receipt of a WBRT dose of >30Gy was a strong
predictive factor in our model, indicating that these patients
(typically treated with 10x3Gy) had better survival than
those who received <30Gy (typically 5x4Gy). This is in
contrast to the cohort of Rades et al., where there appeared
to be no difference in survival between short-course and
longer-course WBRT [20]. Although our multivariate anal-
ysis included a variety of prognostic factors, it is likely that
additional confounders will have influenced the choice of
fractionation regimens over time. Still, we consider it appro-
priate to offer longer-course WBRT in fit patients who may
achieve longer-term survival (e.g. with controlled extracra-
nial disease and/or effective systemic treatment options).

We confirmed that the Rades scoring system, based on
WBRT data from 1992 to 2005, can still be used to classify
patients into prognostic subgroups in a contemporary set-
ting. However, the predictive accuracy for survival is likely
very limited, considering the dramatic shifts in cancer care.
Broadly, OS at 6 months appeared to be somewhat bet-
ter in our cohort for Rades groups A-B, whereas this was
overall similar for groups C-D. The Rades scoring system
was developed exclusively for WBRT, whereas other prog-
nostic scores have generally also included patients treated
with surgery and/or SRS, in addition to other (methodologi-
cal) differences that may limit their applicability to patients
undergoing WBRT. For example, the updated DS-GPA ex-
cluded patients with recurrent brain metastases and/or lep-
tomeningeal disease, which are common scenarios in which
patients will undergo WBRT in a contemporary era [25]. In
general, we observe that the acceptance of prognostic scores
in daily clinical routine appears to be somewhat lacking.
This may be due to the increasing complexity of individual
clinical scenarios, for which prognostic indices may not be
refined enough, particularly with regards to potential long-
term survival [26, 27]. Additional work is therefore needed
to develop tools for an era of personalized care, where pa-
tient-reported QoL could succeed OS as the primary out-
come measure in patients undergoing WBRT.

Our study has several limitations. We focused on OS
as the primary outcome measure, and did not report on
the causes of death. This is similar to other reports in this

setting, where the causes of death are often unknown due
to limited diagnostics and/or patients dying at home or in
hospice facilities. Similarly, the availability of follow-up
imaging was variable, and additional studies are needed to
explore patterns of relapse in our cohort. Due to the retro-
spective nature of the work, we cannot exclude that hidden
confounders may have influenced results of our multivari-
ate analysis. Furthermore, our study covered a period of
approximately 8 years, during which significant changes
in patterns of care may have occurred. Additional studies
will therefore contribute to a more detailed understanding
of individual patient outcomes, based on factors such as
molecular alterations in different tumor subtypes, as well
as receipt of systemic and/or additional local therapies.

Conclusion

In conclusion, survival outcomes of patients undergoing
WBRT in the contemporary era appear comparable to his-
torical cohorts, although individual patient factors remain
critical for clinical decision making. Patients with otherwise
favorable prognostic factors (e.g. good performance status,
controlled extracranial disease, effective systemic treatment
options) may benefit from longer-course WBRT.
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