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Predicting Survival After Whole-brain Irradiation for
Cerebral Metastases in Patients with Cancer of the Bladder
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Abstract. Background/Aim: This study aimed to create a
predictive tool for estimating the remaining lifespan of
patients after whole-brain irradiation (WBI) for cerebral
metastases from bladder cancer. Patients and Methods: In
34 of these patients clinical parameters were analyzed for
survival including age at start of WBI, gender, Karnofsky
score, number of cerebral metastases and involvement of
extra-cranial sites of metastasis. Results: Involvement of
extra-cranial sites (14%) and Karnofsky score (9%) showed
the greatest difference regarding 6-month survival and were
considered for the tool. Points were assigned based on the
following: no involvement of extra-cranial sites=1 point,
involvement of extra-cranial sites=0 points, Karnofsky score
>70=1 point, Karnofsky score <60=0 points. Patients’ scores
were 0, 1 or 2 points with 6-month survival rates of 13%,
27% and 50%, respectively. Conclusion: Based on two
clinical parameters, a tool was developed that may help
estimate the lifespan of patients irradiated for cerebral
metastases from bladder cancer.

In adult cancer patients developing cerebral metastases, those
with cancer of the urinary bladder account for only 1-2% (1,
2). The survival prognosis of this subgroup is poor when
compared to patients with cerebral metastasis from other
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tumor entities like breast cancer and requires significant
improvement (1). Better outcomes of treatment may be
achieved with new therapeutic developments, for example
minimally-invasive surgical techniques, novel systemic
therapies and new radiotherapy approaches including
stereotactic radiosurgery for more than three lesions and
whole-brain-irradiation (WBI) with hippocampal sparing (3-
9). Another approach that has gained importance, when
aiming to improve the outcomes of cancer patients, is the
personalization of the treatment, i.e. optimally tailoring the
treatment to the situation and the needs of an individual
patient. Such personalized approaches should consider the
patient’s remaining lifespan (1, 10, 11). Patients with a
longer lifespan should receive a treatment that improves their
prognoses in terms of local control and survival but with a
low risk of late treatment-related morbidity, since many of
these patients live long enough to be at risk of experiencing
late toxicity (12). In contrast, patients with a short remaining
lifespan would be better candidates for a less intensive,
shorter treatment to avoid spending much of their remaining
life receiving therapy (13). These considerations apply also
to radiotherapy of cerebral metastases, in particular if the
patients are assigned to receive WBI. Different dose-
fractionation schedules of WBI are available for this
situation, mainly 20 Gy in 5 fractions over 1 week, 30 Gy in
10 fractions over 2 weeks and 40 Gy in 20 fractions over 4
weeks (1). In order to select the appropriate WBI-schedule
for an individual, it would be critical to know his or her
expected lifespan. This could be estimated with the use of
predictive tools (10, 11). Since in patients with cerebral
metastases survival prognoses vary between different tumors
types, the availability of a specific predictive tool for each
tumor is desirable. This study was particularly focused on
patients treated with WBI for cerebral metastases from
cancer of the bladder.
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Table 1. Distribution of the investigated clinical parameters.

Table II. Survival rates at 3 and 6 months after WBI.

Number of patients (%)

Age at WBI

<69 years 17 (50)

270 years 17 (50)
Gender

Female 6 (18)

Male 28 (82)
Karnofsky performance score

<60 18 (53)

>70 16 (47)
Number of cerebral metastases

1-3 9 (26)

>4 25 (74)
Involvement of extra-cranial metastatic sites

No 11 (32)

Yes 23 (68)
WBI-regimen

20 Gy in 5 fractions 11 (32)

30 Gy in 10 fractions 18 (53)

40-45 Gy in 15-20 fractions 5(15)

WBI: Whole-brain irradiation.

Patients and Methods

A cohort of 34 patients with cerebral metastasis who were treated
with WBI alone was retrospectively analyzed for five clinical
parameters regarding potential associations with survival. Some
patients were already part of a previous study (14). The factors
investigated included age at start of WBI (<69 vs. =70 years,
median=69.5 years), gender, general condition given by the
Karnofsky performance score of <60 vs. =70, median=60%),
number of cerebral metastases (1-3 vs. =4, median=4) and
involvement of extra-cranial sites by metastatic disease (no vs.
yes). In addition, the impact of the dose-fractionation schedule of
WBI (20 Gy in 5 fractions over 1 week vs. 30 Gy in 10 fractions
over 2 weeks vs. 40-45 Gy in 15-20 fractions over 3-4 weeks)
was investigated. The distributions of these parameters are
summarized in Table 1. The analyses of survival were done with
the Kaplan-Meier method plus the log-rank test (15). The two
clinical parameters that showed the greatest difference with
respect to 6-month survival rate were selected to be included in
the prognostic tool.

Results

In the entire cohort, the 3-month and 6-month survival rates
were 44% and 26%, respectively. On analysis of survival,
involvement of extra-cranial sites by metastatic disease
(14%) and the Karnofsky performance score (9%) had the
greatest differences in the 6-month survival rate and were
included in the scoring tool (Table II). The following points
were assigned to these parameters: no involvement of extra-
cranial sites=1 point, involvement of extra-cranial sites=0
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At 3 months At 6 months p-Value
(%) (%)

Age at WBI

<69 years 41 24

=70 years 47 29 0.67
Gender

Female 50 33

Male 43 25 0.70
Karnofsky performance score

<60 44 22

=70 44 31 0.44
Number of cerebral metastases

1-3 33 22

>4 48 28 0.96
Involvement of extra-cranial
metastatic sites

No 45 36

Yes 43 22 0.53
WBI-regimen

20 Gy in 5 fractions 45 36

30 Gy in 10 fractions 44 22

40-45 Gy in 15-20 fractions 40 20 0.70
Entire cohort 44 26

WBI: Whole-brain irradiation.

points, Karnofsky performance score of =70=1 point,
Karnofsky performance score of <60=0 points. Thus, the
scores for individual patients were 0, 1 or 2 points. The
corresponding survival rates were 40%, 45% and 50%,
respectively, at 3 months, and 13%, 27% and 50%,
respectively, at 6 months following WBI (p=0.30). The
median survival times were 3 months, 3 months and 5
months, respectively.

Discussion

Advanced cancer of the bladder is a very aggressive
malignant disease, associated with a poor prognosis. This
applies particularly to patients who have developed distant
metastases including metastases to the brain. In order to
improve the outcomes of these patients, multi-disciplinary
approaches including novel radiotherapy or surgical
techniques and novel drugs or drug combinations are
often used. In addition, personalization of the anticancer
treatment has become more popular, which generally takes
into account patient’s remaining lifespan. Therefore,
treatment personalization may be facilitated by applying
prognostic factors associated with survival or even better
by using predictive tools, i.e. survival scores. Such scores
are already available for bladder cancer patients for
treatment of the primary tumor, a loco-regional recurrence
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and for metastatic disease in general (14, 16, 17). The
present study was conducted to create a survival score for
patients receiving WBI alone for cerebral metastases from
cancer of the bladder. Based on two clinical parameters,
namely the patient’s general condition given by the
Karnofsky performance score and involvement of extra-
cranial sites by metastatic disease, a predictive tool was
developed. Three prognostic groups were formed, 0
points, 1 point and 2 points. Patients achieving only 0
points had a very poor prognosis with a 6-month survival
rate of only 13%. Therefore, these patients appear good
candidates for a short course of WBI such as 20 Gy in 5
fractions over 1 week. In a previous study of 442 patients,
the comparison of this WBI-regimen (N=232) to 30 Gy in
10 fractions over 2 weeks (N=210) did not show a
significant difference between the 6-month survival rates
that were 24% and 27%, respectively (p=0.29) (12).
Grade 3 WBI-related acute toxicity rates were 9% with
20 Gy in 5 fractions and 6% with 30 Gy in 10 fractions,
respectively (p=0.35). Required median dexamethasone
doses were 24 mg/day and 20 mg/day, respectively. Those
patients who achieved 1 point on the newly developed
score presented here had a 6-month survival rate of 27%,
which is still relatively unfavorable and similar to the
24% and 27% observed in the previous study. Therefore,
these patients may also appear best treated with 20 Gy in
5 fractions.

Patients achieving 2 points had the most favorable
survival prognosis of the present cohort with a 6-month
survival rate of 50% and a median survival time of 5 months.
However, when compared to the 6-month survival rates of
patients with cerebral metastases from other primary tumors,
a 6-month survival probability of 50% and a median survival
time of 5 months may be considered an intermediate
prognosis. Previous studies have shown that patients with
intermediate prognoses appear most suitable candidates for
longer-course WBI with 30 Gy in 10 fractions (10, 11).
However, when following the recommendations regarding
the appropriate WBI-regimen, one should be aware of
possible selection biases inherent to the retrospective nature
of the data used to create the predictive tool. Nevertheless,
this tool can serve physicians who would like to personalize
the treatment for each case.

In conclusion, based on the patient’s general condition and
extra-cranial metastatic involvement, a new predictive tool
was created to estimate the lifespan of patients receiving
WBI for cerebral metastases from bladder cancer and to
support personalizing their care.
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