
Abstract. Background/Aim: Although omitting whole-brain
radiotherapy (WBRT) during the treatment of few brain
metastases more popular, many patients receive local therapies
plus WBRT. WBRT may be less reasonable for patients with poor
overall survival (OS), particularly if they are older. This study
aimed to identify predictors of OS in these patients. Patients and
Methods: One-hundred-and-two older patients receiving a local
therapy (surgery, radiosurgery, simultaneous integrated boost)
and WBRT for 1-3 brain metastases were evaluated. Type of
local therapy, WBRT-regimen, age, gender, performance status,
primary tumour type, number of brain metastases, extra-cerebral
metastasis, and interval from tumour diagnosis to treatment of
brain metastases were analysed for OS. Results: Absence of
extra-cerebral metastasis was significantly associated with
increased OS on univariate analysis (p=0.001) and Cox
regression analysis (risk ratio=2.13, p=0.002). Conclusion:
Extra-cerebral metastasis is an independent predictor of OS and
can be helpful when assigning a treatment to older patients with
few brain metastases.

Secondary malignant lesions in the brain are about ten times
more common than primary brain tumours (1). Treatment
varies depending on several factors including the number of
brain metastases (2). The majority of patients with multiple
cerebral lesions, mostly defined as more than three lesions,
receive whole-brain radiotherapy (WBRT) alone. In patients
with oligo-metastases, i.e. patients with 1 to 3 lesions,
WBRT alone is generally limited to patients with a poor

performance status or very large unresectable metastases (2).
Many patients with oligo-metastatic brain disease are treated
with a local therapy including surgical resection and
radiosurgery (3, 4). Local therapies are increasingly
administered alone; however, in a considerable number of
patients they are combined with WBRT (2-4). In several
studies and a meta-analysis of patients with 1 to 3 brain
metastases, a radiosurgery-boost in addition to WBRT led to
significant improvement of intracerebral control (5-8).
Moreover, several previous studies and two meta-analyses
have found that the addition of WBRT to surgery or
radiosurgery improved intracerebral control and local control
of the treated metastases and delayed the development of
new brain metastases (8-15). Since two randomized trials
have demonstrated that the addition of WBRT was associated
with a significantly greater extend of cognitive decline,
physicians have become more reserved regarding WBRT in
combination with surgery and radiosurgery (16, 17).
However, an intracerebral recurrence was shown to be
associated with cognitive dysfunction as well, and modern
approaches to reduce cognitive decline such as hippocampal
sparing and memantine were not used in these two trials (18-
20). Therefore, the role of WBRT, when added to a local
therapy, requires further clarification. One aspect that should
be considered, when thinking of combining a local therapy
and WBRT, is the probability of developing new brain
metastases outside the treated areas. If this probability, which
can be estimated with a scoring system, is high, the patients
should be considered for WBRT (21). Another aspect is a
patient’s remaining lifespan. Since the risk of cognitive
decline increases with time, this aspect is particularly
important for longer-term survivors. Therefore, prognostic
factors of survival in patients who may be candidates for a
local therapy plus WBRT would be helpful. This accounts
particularly for older patients, who often are unable to
withstand intensive combined treatments. For many older
patients with a limited lifespan, a short course of WBRT
instead of a more aggressive local therapy may be preferable
(22). To facilitate the decision-making process when
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physicians have to assign a treatment to an older patient with
oligo-metastatic brain disease, the present study aimed to
identify independent predictors of survival in a cohort of
older patients who had received a local therapy plus WBRT. 

Patients and Methods
A cohort of 102 older patients, aged 65 or more years, was included
in this retrospective study, which was approved by the local Ethics
Committee. These patients were treated with a combination of local
therapy and WBRT for 1 to 3 brain metastases between 1995 and
2019. Local therapies included pre-WBRT surgery (n=65), post-
WBRT single-fraction radiosurgery (n=21) and a simultaneous
integrated boost given concurrently with WBRT using volume-
modulated arc therapy (n=16). WBRT-regimens included 20 Gy in
5 fractions (n=8), 30 Gy in 10 fractions (n=55) and 35-40Gy in 14-

20 fractions (n=39). Type of local therapy, WBRT-regimen and
seven other factors were analysed for potential associations with
overall survival (OS) (Table I). These factors included age at the
onset of brain metastases treatment (≤69 versus ≥70 years, median
age=69 years), gender, patient’s performance status (given as
Karnofsky performance score, KPS ≤70 versus ≥80, median
KPS=80), primary tumor type (breast cancer versus non-small cell
lung cancer, small-cell lung cancer, other types), number of brain
metastases (1 versus 2 or 3), extra-cerebral metastasis (absence
versus presence) and interval from tumour diagnosis to the first day
of treatment of brain metastases (≤4 versus ≥5 months).

Time to death was calculated from the first day of treatment,
namely the day of surgery or the first day of radiation therapy.
Initially, all nine factors were analysed in univariate analyses
including the Kaplan–Meier method and the log-rank test.
Significant factors (p<0.05) were subsequently evaluated for
independence (also defined as p<0.05) in a Cox regression analysis. 
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Table I. Patient characteristics and potential prognostic factors. 

Factor                                                                           Number of 
                                                                                    patients (%)

Type of treatment
   WBRT + RS                                                              21 (20.6)
   Surgery + WBRT                                                      65 (63.7)
   WBRT + SIB                                                            16 (15.7)
Dose-fractionation of WBRT
   20 Gy in 5 fractions                                                   8 (7.8)
   30 Gy in 10 fractions                                               55 (53.9)
   35-40 Gy in 14-20 fractions                                    39 (38.2)
Age at start of treatment
   ≤69 Years                                                                  54 (52.9)
   ≥70 Years                                                                  48 (47.1)
Gender
   Female                                                                       44 (43.1)
   Male                                                                          58 (56.9)
Performance status
   KPS ≤70                                                                    37 (36.3)
   KPS ≥80                                                                    65 (63.7)
Primary tumor type
   Breast cancer                                                            13 (12.7)
   NSCLC                                                                      42 (41.2)
   SCLC                                                                         14 (13.7)
   Other types                                                                33 (32.4)
Number of brain metastases
   1                                                                                 72 (70.6)
   2 or 3                                                                         30 (29.4)
Extra-cerebral metastasis 
   Absence                                                                     58 (56.9)
   Presence                                                                    44 (43.1)
Interval from tumor diagnosis to 
the first day of treatment 

   ≤4 Months                                                                 51 (50.0)
   ≥5 Months                                                                 51 (50.0)

WBRT: Whole-brain radiotherapy; RS: radiosurgery; SIB: simultaneous
integrated boost, KPS: Karnofsky performance score; NSCLC: non-
small cell lung cancer; SCLC: small-cell lung cancer.

Table II. Overall survival rates at 6 and 12 months. 

Factor                                                 6 mos.         12 mos.          p-Value
                                                              (%)                (%)

Type of treatment
   WBRT + RS                                       67                  28                 0.440
   Surgery + WBRT                               60                  31
   WBRT + SIB                                      44                  44
Dose-fractionation of WBRT
   20 Gy in 5 fractions                           63                  63                 0.308
   30 Gy in 10 fractions                         62                  27
   35-40 Gy in 14-20 fractions              54                  33
Age at start of treatment
   ≤69 Years                                            56                  31                 0.683
   ≥70 Years                                            63                  32
Gender
   Females                                               59                  31                 0.792
   Males                                                  59                  33
Performance status
   KPS ≤70                                             51                  24                 0.221
   KPS ≥80                                             63                  36
Primary tumor type
   Breast cancer                                      54                  19                 0.530
   NSCLC                                               62                  32
   SCLC                                                  64                  28
   Other types                                         55                  36
Number of brain metastases
   1                                                          63                  34                 0.198
   2 or 3                                                  50                  25
Extra-cerebral metastasis 
   Absence                                              69                  46                 0.001
   Presence                                              45                  14
Interval from tumor diagnosis to 
the first day of treatment 

   ≤4 Months                                          57                  34                 0.981
   ≥5 Months                                          61                  30

WBRT: Whole-brain radiotherapy; RS: radiosurgery; SIB: simultaneous
integrated boost; KPS: Karnofsky performance score; NSCLC: non-
small cell lung cancer; mos.: months; SCLC: small-cell lung cancer;
bold p-value is significant.



Results

Median follow-up times were 7 months (range=0-34 months)
in all patients and 12 months (range=6-34 months) in those
patients who were alive at their last contact with a medical
institution. The median OS of all 102 patients was 8 months,
and the OS-rates at 6 and 12-months were 59% and 32%,
respectively. On univariate analyses (Table II), absence of
extra-cerebral metastasis was the only factor that showed a
significant association with increased OS (Figure 1,
p=0.001). In the subsequent Cox regression analysis, this
association was demonstrated to be independent. The risk
ratio was 2.13, and the 95% confidence interval was 1.32 to
3.47 (p=0.002). 

Discussion

The optimal treatment protocol for patients with very few
brain metastases requires further clarification. Local
therapies such as surgery and radiosurgery, administered
alone or in combination with WBRT, have become
increasingly popular for these patients during the last 15
years (2-15). For about 10 years, when a small randomized
trial (n=58) suggested that the rate of post-treatment
cognitive dysfunction was significantly higher after
radiosurgery plus WBRT than after radiosurgery alone,
physicians became more reserved regarding the addition of
WBRT (16). The trial was stopped prematurely by the data
safety monitoring board, because cognitive dysfunction after
4 months was observed four times more often in the
radiosurgery plus WBRT arm (96% versus 24%, p<0.001).
However, intracerebral control rates at 12 months were
significantly lower when WBRT was added (27% versus
73%, p<0.001) (16). Since neuro-cognitive testing was not

performed at 12 months, it remained unclear whether the
higher rate of new or recurrent cerebral metastases led to
impairment in cognitive functions, as previously suggested
in the study of Aoyama et al. (18). In 2013, the results of the
Alliance trial were published, demonstrating a significant
difference regarding the rate of cognitive decline after 3
months, i.e. 92% with and 64% without WBRT (p<0.001)
(17). However, intracerebral progression rates after 6 and 12
months were 12% and 15%, respectively, after radiosurgery
plus WBRT compared to 35% and 50%, respectively, after
radiosurgery alone (p<0.001). Thus, patients with a
comparatively high risk of intracerebral progression after
radiosurgery alone should be considered for additional
WBRT. These patients can be identified with a scoring
system reported in 2014 (21). Based on the number of brain
metastases, primary tumour type and presence of extra-
cerebral metastasis, three groups were formed with 6-month
rates of freedom from distant brain metastasis of 36%, 65%
and 80%, respectively (p<0.001). Since patients of the first
group had a 64%-probability of developing new brain
metastases within 6 months following radiosurgery alone,
they appeared good candidates for addition of WBRT (21). 

Another aspect that should be considered when
administering a combined treatment of surgery or radiosurgery
is the patient’s survival time. On one hand, cognitive decline
is considered a radiation-related late toxicity, and its risk
increases with time (2). However, the risk of experiencing new
or recurrent brain metastases also increases with time. For
several tumour entities including melanoma, new treatment
concepts combine surgery or radiosurgery with new systemic
drugs that have the potential to cross the blood-brain barrier
(23, 24). However, these new drugs can be associated with
considerable side effects that can be serious, particularly for
older patients. Therefore, combining local therapies with
WBRT appears a reasonable option for older patients with
very few brain metastases who are at a high risk of
experiencing new or recurrent brain metastases. 

However, it remains a difficult to decide which older
patient should receive the combined treatment. One critical
aspect that plays a role during the decision-making process is
the patient’s remaining lifespan. Patients with a longer
estimated survival and a high risk of new or recurrent brain
metastases would likely benefit from adding WBRT to a local
therapy. Those patients with a low risk of intracerebral
progression following surgery or radiosurgery alone may
receive the local therapy without WBRT. After surgery, one
may consider to perform local radiation of the resection cave
(25). Older patients with a poor survival prognosis may not
be optimal candidates for surgery or radiosurgery at all and
may be considered for a short course of WBRT alone, e.g.
with 20 Gy in 5 fractions (22). To support radiation and
medical oncologists when selecting the treatment for an older
patient with 1 to 3 brain metastases, the present study aimed
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Figure 1. Kaplan–Meier curves for the overall survival (OS) of patients
with and without extra-cerebral metastasis.



to detect prognostic factors independently associated with OS.
Extra-cerebral metastasis was the only factor significantly
associated with OS on both univariate and Cox regression
analyses. Patients without extra-cerebral metastasis had 6-
and 12-month survival probabilities of 69% and 46%,
respectively. Therefore, these patients should be considered
for a local therapy with or without WBRT, depending on the
risk of developing new or recurrent brain metastases after
local therapy alone (21). If WBRT is administered, new
strategies for reducing the risk of cognitive decline,
hippocampal-sparing techniques and memantine, should be
strongly considered (19, 20). On the contrary, patients with
extra-cerebral metastasis had less favourable prognoses with
only 14% long-term survivors. Many of these patients may
be appropriate candidates for WBRT alone instead of more
aggressive local therapies (22). However, when considering
these recommendations, one should also consider the fact that
this is a retrospective study with its general limitations
including the risk of hidden biases.  

In summary, extra-cerebral metastasis proved to be an
independent prognostic factor of survival in a cohort of older
patients treated with a local therapy plus WBRT for 1 to 3
brain metastases. This factor can be helpful for radiation and
medical oncologists when individualizing the treatment
protocol to an older patient with few brain metastases.
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