
Abstract. Background/Aim: Patients with cerebral
metastases from gynecological cancer who receive whole-
brain irradiation (WBI) alone require personalized therapy.
This study contributes to personalized care by creating an
instrument to predict 6-month survival probability. Patients
and Methods: In 49 patients, six pre-treatment variables,
namely age, Eastern Cooperative Oncology Group
performance score (ECOG-PS), primary tumor type, number
of cerebral metastases, metastasis outside the brain, and
interval between diagnosis of gynecological cancer and WBI,
were analyzed for survival. Results: Of the six pre-treatment
variables, ECOG-PS was significantly associated with
survival (p=0.014) and metastasis outside the brain showed
a trend for association (p=0.096). Six-month survival rates
divided by 10 resulted in scores of 0, 2 or 7 points for
ECOG-PS and of 2 or 7 points for metastasis outside the
brain. Scores for individual patients were 2, 4, 7, 9 or 14
points. Three groups were created, those with 2-7, 9 and 14
points, with 6-month survival rates of 10%, 53% and 100%,
respectively (p=0.004). Conclusion: An instrument was
designed to predict the 6-month survival of patients receiving
WBI for cerebral metastases from gynecological cancer and
facilitate personalized care. 

Many patients with cerebral metastases from gynecological
cancer are not candidates for local therapies such
neurosurgical resection and stereotactic radiosurgery due to
their having too many cerebral lesions, a poor performance

status, or many comorbidities (1). Therefore, the majority of
these patients receive whole-brain irradiation (WBI) alone.

Several dose-fractionation regimens are available for WBI,
including short-course programs such as 5×4 Gy in 1 week
or longer-course programs with doses of 2 to 3 Gy per
fraction lasting 2 to 4 weeks.

It has been reported for patients with cerebral metastases
from a variety of solid tumors that intracerebral control and
survival were no worse in those with poor prognoses after
5×4 Gy than after longer-course WBI (2). Therefore, short-
course WBI is recommended for patients with a short survival
time in order to avoid spending many of their remaining days
receiving radiotherapy. According to the results of a previous
study, longer-course WBI with total doses greater than 30 Gy
and doses of less than 3 Gy per fraction resulted in improved
intracerebral control and survival in patients with a longer
expected remaining lifespan (3). Moreover, it has been
reported that using doses of less than 3 Gy per fraction led to
less pronounced neurocognitive deficits (4, 5). Therefore, for
patients with longer expected survival times, longer-course
WBI programs appear more appropriate. The results of those
previous studies demonstrate the importance of estimating a
patient’s remaining lifespan as precisely as possible in order
to choose the appropriate WBI regimen, ideally with the help
of prognostic instruments (survival scores). This study aimed
to create a prognostic instrument that helps predict the 6-
month survival probability particularly for patients receiving
WBI alone for cerebral metastases from gynecological cancer. 

Patients and Methods
Data of 49 patients treated with WBI alone for cerebral metastases
from gynecological cancer between 1988 and 2017 were
retrospectively evaluated. Dose-fractionation regimens included
shorter-course WBI with 5×4 Gy in 1 week (n=16), longer-course
WBI with 10×3 Gy in 2 weeks (n=18) and other longer-course WBI
programs (n=15). The dose-fractionation regimen (5×4 Gy vs.
longer-course programs) and six pre-treatment variables were
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analyzed for possible associations with survival. These variables
included age (≤59 vs. ≥60 years, median age=59 years), Eastern
Cooperative Oncology Group performance score (ECOG-PS) (0-1
vs. 2 vs. 3), type of primary tumor (ovarian vs. uterine vs. cervical
vs. vaginal/vulvar cancer), number of cerebral metastases (1-3 vs.
≥4), metastasis outside the brain (no vs. yes) and the interval
between first diagnosis of the gynecological cancer and WBI (≤24
vs. ≥25 months, median interval=24 months). The distribution of
patients according to all seven variables is summarized in Table I.   

Statistical methods included the Kaplan–Meier method and the
log-rank test for univariate analyses (6). Variables with a p-value of
less than 0.05 were regarded significant and additionally included
in a multivariate analysis, which was performed with the Cox
proportional hazards model. Those pre-treatment variables that were
significant (p<0.05) or showed a trend (p<0.10) for association in
the multivariate analysis were used to create the prognostic
instrument. 

Results 

On univariate analyses, the dose-fractionation regimen of
WBI (p=0.041), ECOG-PS (p=0.001) and metastasis outside
the brain (p=0.017) were significantly associated with
survival (Table II) and were, therefore, included in the
analysis with the Cox proportional hazards model. In this
multivariate analysis, the ECOG-PS (hazard ratio (HR)=1.97,
95% confidence interval (CI)=1.15-3.37, p=0.014) was
significantly associated with survival. In addition, metastasis
outside the brain showed a trend for association (HR=2.00,
95% CI=0.89-5.12, p=0.096). The dose-fractionation
regimen of WBI was not significant in the multivariate
analysis (HR=1.58, 95% CI=0.80-3.35, p=0.195). Therefore,
ECOG-PS and metastasis outside the brain were used to
create the prognostic instrument for estimating the 6-month
survival probability.

The instrument was based on the incorporation of these two
variables by dividing the 6-month percentage survival rates by
10 (Table III). The score from the ECOG-PS and the extra-
cranial metastases were then summed into a single prognostic
score for each patient. This procedure resulted in prognostic
scores of 2, 4, 7, 9 or 14 points. The corresponding 6-month
survival rates were 0%, 14%, 0%, 53% and 100%,
respectively (p<0.001). Based on these scores, three
prognostic groups were created, namely 2-7 points, 9 points
and 14 points. The 6-month survival rates of these groups
were significantly different at 10%, 53% and 100%,
respectively (p=0.004), and median survival times were 4, 7
and 9 months, respectively.  

Discussion

Despite considerable research efforts in the field of
metastatic gynecological cancer, many of these patients have
a poor prognosis, especially in those with multiple brain
metastases requiring WBI. Better outcomes may be achieved

with the implementation of novel anticancer drugs (7).
However, personalized cancer care can contribute to this
ambitious goal. Personalized approaches consider many
aspects of a patient’s specific situation and preferences. One
important aspect is the patient’s survival prognosis. If it is
quite poor, the treatment should not be long or burdensome.
If it is favorable, therapy should aim to achieve the best
possible long-term disease control with acceptable late
toxicities.

These considerations also apply to patients who are
assigned to WBI alone for cerebral metastases from
gynecological cancer. In the case of a short remaining
lifespan, a short course of WBI is preferable. In a large
retrospective study performed on 416 patients with cerebral
metastases from various tumor types and poor survival
prognoses, standard WBI with 10×3 Gy in 2 weeks was as
effective as higher dose, longer regimens (15×3 Gy in 3
weeks/20×2 Gy in 4 weeks) with respect to intracerebral
control and survival (8). The 6-month intracerebral control
rates were 39% after 10×3 Gy and 41% after higher doses,
respectively (p=0.61), and the 6-month survival rates 33%
and 29%, respectively (p=0.86). It was possible to reduce
overall treatment time by 50% from 4 to 2 weeks without
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Table I. Distributions of the investigated seven variables.

Factor                                                                    Number of patients (%) 

Dose-fractionation regimen of WBI
   5×4 Gy in 1 week                                                       16 (33)
   Longer-course programs                                             33 (67)
Age at the time of WBI 
   ≤59 Years                                                                     25 (51)
   ≥60 Years                                                                     24 (49)
ECOG performance score
   0-1                                                                                15 (31)
   2                                                                                   27 (55)
   3                                                                                     7 (14)
Primary tumor type 
   Ovarian cancer                                                           26 (53)
   Uterine cancer                                                             13 (27)
   Cervix cancer                                                                8 (16)
   Vaginal/vulvar cancer                                                   2 (4)
Number of cerebral metastases
   1-3                                                                                13 (27)
   ≥4                                                                                36 (73)
Metastases outside the brain
   No                                                                                11 (22)
   Yes                                                                               38 (78)
Interval between first diagnosis of the 
gynecological cancer and WBI
   ≤24 Months                                                                25 (51)
   ≥25 Months                                                                24 (49)

WBI: Whole-brain irradiation, ECOG: Eastern Cooperative Oncology
Group. 



loss of efficacy. In another large retrospective study in a
similar patient population (n=442), short-course WBI with
5×4 Gy in 1 week was not inferior to 10×3 Gy in 2 weeks
(2). Six-month intracerebral control rates were 50% after 5×4
Gy and 37% after 10×3 Gy, respectively (p=0.07), and 6-
month survival rates were 24% and 27%, respectively
(p=0.29). Thus, the overall treatment time was further
reduced to only 1 week. In contrast, patients with a more
favorable survival prognosis can benefit from longer-course
WBI in terms of improved intracerebral control and survival
(3). Moreover, doses per fraction of less than 3 Gy were
reported to be associated with less neurocognitive decline
than doses of 3 Gy and more per fraction (4, 5). 

Since a patient’s survival time is an important factor to be
considered when selecting the appropriate WBI regimen, it
would be helpful if the treating radiation oncologists were
able to estimate a specific patient’s prognosis, ideally with a
simple instrument. Several such instruments are already
available for patients with cerebral metastases from specific
tumor types such as breast cancer, lung cancer and others (9-
13). In the present study, an additional prognostic instrument
was developed particularly for patients treated with WBI

alone for cerebral metastases from gynecological cancer.
Since only patients treated with WBI alone were included,
this score is more specific and carries less risk of hidden
selection bias due to different treatment approaches than a
previous instrument that also included patients receiving
local modalities for cerebral metastases from gynecological
cancer (14). In the present study, three prognostic groups
were designated based on two variables, namely ECOG-PS
and metastasis outside the brain: 2-7 points, 9 points and 14
points. The 6-month survival rate in the 2-7 points group was
only 10%. Therefore, these patients appear to be good
candidates for short-course WBI, for example with 5×4 Gy
in 1 week. For the other two groups (9 points and 14 points),
the 6-month survival rates were much more favorable, at
53% and 100%, respectively. Patients of both groups appear
appropriate for treatment with longer-course WBI. Patients
of the group with 9 points may receive 10×3 Gy in 2 weeks,
and patients of that with 14 points may receive longer-course
WBI with total doses >30 Gy and doses per fraction <3 Gy.

However, when considering these suggestions, the
retrospective nature of the study and the risk of hidden
selection biases must be considered. In order to further
reduce the risk of WBI-related neurocognitive decline, WBI
may be performed with hippocampal-sparing for selected
patients with a limited number of cerebral lesions that are
not close to the hippocampi (15).    

In conclusion, a new instrument was designed to predict
the 6-month survival probability of patients receiving WBI
for cerebral metastases from gynecological cancer. Three
predictive groups were created with significantly different
survival prognoses, facilitating more personalized treatment
in this specific patient group. 
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Table II. Survival rates at 6 months following whole-brain irradiation
(WBI) on univariate analyses. 

Factor                                                                 Survival at          p-Value
                                                                        6 months (%)

Dose-fractionation regimen of WBI
   5×4 Gy in 1 week                                               44
   Longer-course programs                                     27                    0.041
Age at the time of WBI 
   ≤59 Years                                                             44
   ≥60 Years                                                             21                    0.074
ECOG performance score
   0-1                                                                        67
   2                                                                           22
   3                                                                             0                    0.001
Primary tumor type 
   Ovarian cancer                                                   35
   Uterine cancer                                                     23
   Cervix cancer                                                      50
   Vaginal/vulvar cancer                                           0                    0.635
Number of cerebral metastases
   1-3                                                                        46
   ≥4                                                                        28                    0.565
Metastases outside the brain
   No                                                                        73
   Yes                                                                       21                    0.017
Interval between first diagnosis of the 
gynecological cancer and WBI
   ≤24 Months                                                        32
   ≥25 Months                                                        33                    0.999

ECOG: Eastern Cooperative Oncology Group. Bold: Significant p-values.

Table III. Scoring points obtained by dividing the 6-month survival rates
(in %) by 10. 

                                                             Survival at                  Scoring 
                                                           6 months (%)                 points

ECOG performance score
   0-1                                                           67                               7
   2                                                              22                               2
   3                                                                0                               0
Metastasis outside the brain
   No                                                           73                               7
   Yes                                                          21                               2

ECOG: Eastern Cooperative Oncology Group.
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