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Abstract. Background/Aim: Seizures are a serious condition
for patients with brain metastases. Prevalence, risk factors
and a potential association of seizures with survival prior to
whole-brain irradiation (WBI) for cerebral metastases were
retrospectively investigated. Patients and Methods: In 1,934
patients, the prevalence of pre-treatment seizures (pre-WBI)
was determined. Seven pre-treatment characteristics were
evaluated for associations with seizures. Ten characteristics
including pre-treatment symptoms (none vs. seizures only vs.
seizures+others vs. others only) and seizures (yes vs. no) were
analyzed for survival. Results: In 251 patients (13.0%), pre-
treatment seizures were documented. The occurrence of
seizures was significantly associated with 1-3 brain metastases
and lack of extra-cerebral spread. On multivariate analysis,
age, gender, performance score, number of metastases and
extra-cerebral spread were significantly associated with
survival; pre-treatment symptoms and seizures showed
associations on univariate but not on multivariate analyses.
Conclusion: Few brain metastases and lack of extra-cerebral
spread were independent risk factors for pre-treatment
seizures. Seizures appeared positively associated with survival.

Depending on the type of primary tumor, brain metastases are
diagnosed in up to 40% of adult cancer patients during the
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course of their malignant disease (1). Many of these patients
receive whole-brain irradiation (WBI), particularly patients
with more than three lesions and patients with a reduced
performance status. Seizures were identified as a condition
that causes significant impairment in quality of life (2, 3).
However, the figures regarding the prevalence of pre-
treatment seizures vary in the literature and range between
12% and 35% (3-10). The rate of brain metastasis-related
seizures has decreased in the era of magnetic resonance
imaging due to earlier detection of the lesions, when they are
still asymptomatic (10). Moreover, disagreement exists
regarding potential risk factors for seizures (3, 5, 7, 8). The
identification of such risk factors is important. Prophylactic
administration of anti-epileptic drugs does not appear to result
in a reduction of seizures in patients with brain metastases,
but selected high-risk patients may benefit from prophylactic
treatment (3). Another issue that needs further clarification is
the potential prognostic role of pre-treatment seizures for
survival. Prognostic factors for survival are important for
optimal personalization of cancer treatment (11-17). The
present analysis was performed to assess these important
issues related to pre-treatment seizures. It was performed in
a large cohort of patients treated with a single type of
radiotherapy, namely WBI alone, in order to reduce the risk
of bias caused by the selection of the radiotherapy type.

Patients and Methods

A total of 1,934 patients treated with WBI alone for brain
metastases between 1991 and 2018 were included in this
retrospective study. The study was approved by the ethic committee
of the University of Liibeck (reference number: 20-120A).

In this cohort, the prevalence of seizures prior to the initiation of
WBI was determined. In addition, seven pre-treatment
characteristics were evaluated for associations with occurrence of
seizures. These characteristics included age at WBI (<62 vs. 263
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Table 1. Patient characteristics investigated within this study.

Characteristic Number of patients (%)

Pre-treatment symptoms

No symptoms 167 (9)
Seizures only 125 (6)
Seizures+other symptoms 126 (7)
Other symptoms only 1,516 (78)
Radiation program
5x4 Gy 400 (21)
10x3 Gy 972 (50)
14-20x2-2.5 Gy 562 (29)
Age
<62 Years 961 (50)
>63 Years 973 (50)
Gender
Female 931 (48)
Male 1,003 (52)
ECOG performance score
0-1 720 (37)
=2 1,214 (63)
Primary tumor type
Breast cancer 327 (17)
NSCLC 803 (42)
SCLC 274 (14)
RCC 55 (3)
Melanoma 77 (4)
CUP 122 (6)
CRC 101 (5)
Other types 175 9)
Number of brain metastases
1 314 (16)
2-3 337 (17)
>4 1,283 (66)
Extra-cerebral spread
Yes 1,409 (73)
No 525 (27)
Interval from first diagnosis of
malignancy until radiotherapy
<6 Months 964 (50)
>7 Months 970 (50)

ECOG: Eastern Cooperative Oncology Group; NSCLC: non-small cell
lung cancer; SCLC: small-cell lung cancer; RCC: renal cell carcinoma;
CUP: cancer of unknown primary; CRC: colorectal cancer.

years, median age=63 years), gender, Eastern Cooperative Oncology
Group (ECOG) performance score (0-1 vs. =2) (18), primary tumor
type [breast cancer vs. non-small cell lung cancer (NSCLC) vs.
small cell lung cancer (SCLC) vs. renal cell carcinoma (RCC) vs.
melanoma vs. cancer of unknown primary (CUP) origin vs.
colorectal cancer (CRC) vs. other types (types with <50 patients)],
number of brain metastases (1 vs. 2-3 vs. =4), extra-cerebral spread
(yes vs. no) and interval from first diagnosis of malignancy until
radiotherapy of brain metastasis (<6 vs. =7 months, median
interval=7 months). Moreover, these seven characteristics plus the
WBI-program (5x4 Gy vs. 10x3 Gy vs. 14-20x2-2.5 Gy), the type
of pre-treatment symptoms (no symptoms vs. seizures only vs.
seizures + other symptoms vs. other symptoms only) and pre-
treatment seizures (yes=seizures only or seizures + other symptoms
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Table II. Associations between pre-treatment patient characteristics and

pre-treatment seizures.

Characteristic Patients with p-Value
seizures

Age
<62 Years 142 (14.8%) 0.029
>63 Years 109 (11.2%)

Gender
Female 111 (11.9%) 0.22
Male 140 (14.0%)

ECOG performance score
0-1 112 (15.6%) 0.015
=2 139 (11.4%)

Primary tumor type
Breast cancer 40 (12.2%) 0.85
NSCLC 114 (14.2%)
SCLC 34 (12.4%)
RCC 5(9.1%)
Melanoma 9 (11.7%)
CUP 14 (11.5%)
CRC 16 (15.8%)
Other types 19 (10.9%)

Number of brain metastases
1 62 (19.7%) <0.001
2-3 58 (17.2%)
=4 131 (10.2%)

Extra-cerebral spread
Yes 154 (10.9%) <0.001
No 97 (18.5%)

Interval from first diagnosis of

malignancy until radiotherapy
<6 Months 123 (12.8%) 0.79
=7 Months 128 (13.2%)

ECOG: Eastern Cooperative Oncology Group; NSCLC: non-small cell
lung cancer; SCLC: small-cell lung cancer; RCC: renal cell carcinoma;
CUP: cancer of unknown primary; CRC: colorectal cancer; bold p-
values were significant (After Bonferroni adjustment, p-values <0.007
were considered significant representing an alpha level <0.05).

vs. no=no symptoms or other symptoms only) were analyzed with
respect to survival. The distributions of these characteristics are
summarized in Table I.

The analyses regarding the evaluation of the seven pre-treatment
characteristics for associations with seizures were performed with
the Chi-square test. After applying the Bonferroni adjustment for
multiple comparisons (7 tests), the p-value had to be lowered to
0.007 to consider that a characteristic was significantly associated
with the occurrence of pre-treatment seizures at an alpha-level of
<0.05 (19). p-Values <0.05 were considered a trend.

For the univariate analyses regarding survival, the Kaplan-Meier
method and the log-rank test were used. Since ten characteristics
were included in this analysis (10 tests), p-values <0.005 were
considered significant representing an alpha-level of <0.05 after
applying the Bonferroni adjustment. Again, p-values <0.05 were
considered a trend. Significant characteristics were additionally
evaluated for independence using a Cox regression model, where p-
values <0.05 were considered significant.
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Table III. Results of the univariate analyses of survival following whole-brain irradiation.

Characteristic At 3 months (%) At 6 months (%) At 9 months (%) At 12 months (%) p-Value
Pre-treatment symptoms
No symptoms 49 32 25 21 <0.001
Seizures only 61 47 42 40
Seizures + others 41 25 18 13
Other symptoms only 48 29 21 14
Pre-treatment seizures
Seizures 51 36 30 26 0.002
No seizures 48 29 22 15
Radiation program
5x4 Gy 57 34 25 18 0.014
10x3 Gy 46 27 20 16
14-20x2-2.5 Gy 47 32 25 17
Age
<62 Years 57 38 30 22 <0.001
=63 Years 39 23 16 11
Gender
Female 51 34 27 21 <0.001
Male 46 26 19 12
ECOG performance score
0-1 66 49 40 31 <0.001
=2 38 19 13 8
Primary tumor type
Breast cancer 57 41 35 28 <0.001
NSCLC 44 30 23 17
SCLC 48 26 18 11
RCC 62 33 28 22
Melanoma 45 27 16 6
CUP 45 26 18 13
CRC 39 20 16 9
Other types 54 28 18 14
Number of brain metastases
1 55 41 32 27 <0.001
2-3 59 40 34 25
=4 44 25 18 12
Extra-cerebral spread
Yes 41 22 16 11 <0.001
No 67 50 41 32
Interval from diagnosis of malignancy until RT
<6 Months 45 29 21 15 0.007
=7 Months 51 32 25 18

RT: Radiotherapy; ECOG: Eastern Cooperative Oncology Group; NSCLC: non-small cell lung cancer; SCLC: small-cell lung cancer; RCC: renal
cell carcinoma; CUP: cancer of unknown primary; CRC: colorectal cancer, bold p-values were significant (After Bonferroni adjustment; p-values

<0.005 were considered significant representing an alpha level <0.05).

Results

In 251 of the 1,934 patients (13.0%), seizures were documented
prior to the initiation of WBI. In the corresponding analysis
(Table II), a significant association between a characteristic and
pre-treatment seizures was found for a limited number of 1-3
brain metastases (p<0.001) and absence of extra-cerebral spread
(p<0.001). In addition, age <62 years (p=0.029) and an ECOG
performance score of 0-1 (p=0.015) showed trends.

On univariate analyses of survival (Table III), a significant
association between a characteristic and outcome was observed

for pre-treatment symptoms (p<0.001, Figure 1), pre-treatment
seizures (p=0.002, Figure 2), age (p<0.001), gender (p<0.001),
ECOG performance score (p<0.001), primary tumor type
(p<0.001), number of metastases (p<0.001) and extra-cerebral
spread (p<0.001). In addition, trends were found for the WBI-
program (p=0.014) and the interval from first diagnosis of the
malignancy and WBI (p=0.007).

In the subsequent Cox regression analysis (Table IV), age
(p<0.001), gender (p<0.001), ECOG performance score
(p<0.001), number of metastases (p<0.001) and extra-
cerebral spread (p<0.001) maintained significance and were
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Figure 1. Kaplan—Meier curves related to the different types of pre-
treatment symptoms, namely no symptoms (n=167), seizures only (n=125),
seizures+other symptoms (n=126) and other symptoms only (n=1,516).

considered independent predictors of survival. Type of pre-
treatment symptoms (p=0.79) and type of primary tumor
(»=0.97) were not significant. Since type of pre-treatment
symptoms and pre-treatment seizures were confounding
variables, a second multivariate analysis was performed
including pre-treatment seizures instead of pre-treatment
symptoms. In this analysis, pre-treatment seizures did not
achieve significance (p=0.99). The results regarding the
other characteristics were very similar to the first
multivariate analysis.

Discussion

Brain metastases are more common in oncology than
primary brain tumors and can be associated with significant
symptoms (1). One of these symptoms is seizures that can
have a negative impact on the patients’ quality of life, as
previously described for patients with primary brain tumors
(20, 21). In the literature, the prevalence of seizures in
patients with brain metastases ranges between 12% and 35%
(3-10). This may be a result of variations between the
cohorts of these studies with respect to patient characteristics
including the number of cerebral lesions and primary tumor
types. The treatment for brain metastases varies with respect
to these two characteristics. Many patients with a single
lesion receive neurosurgical resection or radiosurgery with
or without WBI. Most patients with very few lesions
especially with less radiosensitive tumors such as RCC and
melanoma receive radiosurgery. The majority of patients
with brain metastases from SCLC, a poor performance
status, and/or many lesions receive WBI alone (1).
Moreover, the treatment itself can increase or decrease the
occurrence of seizures (2, 3, 7).
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Figure 2. Kaplan—Meier curves related to pre-treatment seizures
(seizures only or seizures+other symptoms, n=251) or no pre-treatment
seizures (no symptoms or other symptoms only, n=1,683).

Table IV. Results of the multivariate analyses with the Cox regression
model.

Factor Risk  95%-Confidence p-Value
ratio interval
Type of pre-treatment symptoms  1.01 0.95-1.06 0.79
Pre-treatment seizures™ 1.00 0-86-1.16 0.99
Age 1.34 1.21-1.47 <0.001
Gender 1.21 1.10-1.34 <0.001
ECOG performance score 1.84 1.64-2.06 <0.001
Primary tumor type 1.00 0.98-1.02 0.97
Number of brain metastases 1.08 1.03-1.13 <0.001
Extra-cerebral spread 1.72 1.53-1.94 <0.001

ECOG: Eastern Cooperative Oncology Group; *data obtained from an
additional multivariate analysis; bold values indicate significant p-
values.

To avoid a bias due to the type of treatment selected, the
present study focused on patients who did not receive local
therapy such as neurosurgery or radiosurgery but received
WBI alone. Moreover, it investigated pre-treatment seizures
to exclude a bias caused by treatment-associated effects.
According to previous studies, a bias due to the interval
between diagnosis of brain metastases and start of WBI
appeared very unlikely (22, 23).

In the present cohort of 1,934 patients, the prevalence of
pre-treatment seizures was 13.0%. This rate was within the
range of 12-35% reported in the literature but at the lower
end (3-10). This may be explained by the fact that the
proportion of patients with melanoma, which has been
reported to be the tumor type with the highest rate of
seizures, was low, i.e. only 4%, and the cumulative
proportion of the low-risk tumors breast cancer and CRC
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was as high as 22% (2, 4, 8). The under-representation of
melanoma patients is explained by the fact that the majority
of patients with brain metastases from melanoma undergo
radiosurgery with or without WBI rather than WBI alone (1).

In the present cohort, we identified two characteristic that
were significantly associated with increased occurrence of
pre-treatment seizures, namely the number of 1-3 brain
metastases and absence of extra-cerebral spread. In addition,
a trend was observed for age <62 years and an ECOG
performance score of 0-1. Until now, the data from the
literature regarding the number of cerebral lesions were
conflicting. In a retrospective series of 799 patients, a single
lesion was identified as a significant risk factor for seizures
in those patients not receiving surgical resection (p=0.002),
which was in line with the results of our present study (3).
In contrast, in a retrospective study of 565 undergoing
resection of brain metastases, preoperative seizures were
significantly associated with >2 lesions (p=0.013) (7). These
data support the idea that the risk factors for seizures vary
between different groups of patients with brain metastases
and that subgroup analyses are required to properly detect
the corresponding prevalence. In another retrospective study
of patients receiving neurosurgical resection for brain
metastases, age was reported to be negatively associated with
pre-operative seizures, which agrees with the above
described finding in our study (5). In addition, we have
identified extra-cerebral spread as another risk factor. When
trying to explain this finding one can only speculate.
However, one reason may be the fact that patients with extra-
cerebral metastases very often have other severe symptoms
and their prognoses are determined by complications caused
by visceral metastases (1, 12, 24). Therefore, minor seizures
may be missed. Extra-cerebral spread is often associated
with a poor performance status, which may explain our
findings regarding the ECOG score.

Extra-cerebral spread and a poor performance status are
generally associated with poorer survival of patients
irradiated for brain metastases (12, 24). When aiming to
tailor a treatment to a patient’s situation and needs, the
remaining lifespan is an essential aspect. Thus, prognostic
factors of survival are important. Therefore, the potential
prognostic impact of seizures on survival was investigated
in this study. The occurrence of seizures was significantly
associated with improved survival at least in the univariate
analysis. Such an association has been previously described
for glioma patients (2, 25). In a large retrospective cohort
(n=1,028) including 649 patients with high grade gliomas,
seizures were associated with better survival in the entire
cohort (p<0.03) and the high-grade group (p<0.05) but not
in patients with low-grade glioma (p>0.2) (25). However,
seizures were significantly associated with more favorable
survival in several retrospective studies of low-grade glioma
patients (2).

In the present study, several independent predictors of
survival were identified including younger age, female
gender, better performance status, lower number of brain
metastases, and absence of extra-cerebral spread. These
prognostic factors were previously described for patients
with brain metastases, which demonstrated consistency of
the data of the present study (11-14, 24, 26). However, the
retrospective nature of this study should be considered
during the interpretation of its results. This applies also to
the previous retrospective studies that investigated
prevalence, risk factors and prognostic impact of seizures.

In summary, in the present study the prevalence of pre-
treatment seizures was 13%. A low number of up to three
brain metastases and the absence of extra-cerebral spread
were independent risk factors for pre-treatment seizures.
Seizures appeared positively associated with survival.
Further studies are required to better define the role of pre-
treatment seizures in patients with brain metastases.
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