
Abstract. Background/Aim: Seizures impair patients’
quality of life. The prognostic role of pre-treatment seizures
in patients with 1-3 cerebral metastases receiving local
therapies plus whole-brain radiotherapy (WBRT) was
investigated. Patients and Methods: In 249 patients,
prevalence, risk factors and associations of pre-treatment
seizures with survival were retrospectively evaluated. Age,
gender, performance score, tumor type, number of lesions,
extra-cerebral metastases, and time from tumor diagnosis to
treatment of cerebral metastasis were analyzed for
associations with seizures. These characteristics and pre-
treatment seizures were also analyzed for associations with
survival. Results: The prevalence of pre-treatment seizures
was 24.1%. Trends for associations were found between
seizures and gender or performance score. On multivariate
analysis, age (p=0.008), performance score (p=0.004),
tumor type (p<0.001) and extra-cerebral metastasis
(p<0.001) were significantly associated with survival.
Conclusion: Seizures were comparably common prior to
local therapies plus WBRT for cerebral metastases. No
factor was found to be significantly associated with seizures,
and seizures were not associated with survival. 

Seizures are a serious problem in patients with both primary
and secondary brain tumors (1). For the latter group, different

treatment protocols are administered, depending mainly on
the type of primary tumor and the number of cerebral lesions
(2). The vast majority of patients with multiple cerebral
metastases, often defined as four or more lesions, receive
whole-brain radiotherapy (WBRT) alone (2, 3). In patients
with oligo-metastatic disease (less than four lesions), local
therapies such as neurosurgery, stereotactic radiosurgery
(SRS) or other radiation boost techniques are frequently used
(2, 4). In a considerable number of patients with oligo-
metastatic cerebral disease, particularly in those patients with
a high risk of developing new cerebral metastases outside the
treated areas, local therapies are combined with WBRT (5-7).
In contrast, patients with a limited number of cerebral
metastases from less radiosensitive tumors such as malignant
melanoma are often treated with neurosurgery or SRS alone
(2). Since the risk of pre-treatment seizures is also associated
with the number of cerebral metastases and primary tumor
type, the prevalence of seizures varies between the groups
receiving different treatments, namely WBRT alone,
neurosurgery or SRS alone and local therapy plus WBRT (8,
9). Therefore, it appears reasonable to perform separate
studies for these groups. The present study focused on
patients treated with local therapy plus WBRT for 1-3
cerebral metastases and investigated the role of pre-treatment
seizures, in terms of prevalence and potential risk factors, as
well as their association with survival.

Patients and Methods

In a cohort of 249 patients with 1-3 cerebral metastases, who
received a local therapy plus WBRT between 1997 and 2019, the
role of pre-treatment seizures (prevalence, risk factors and
association with survival) was retrospectively evaluated. Local
therapies included neurosurgical resection (n=163), stereotactic
radiosurgery or fractionated stereotactic radiotherapy (n=70) and a
simultaneous integrated boost (n=16). The study received approval
from the local ethics committee (University of Lübeck, 20-120A). 
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The following characteristics were analyzed for associations with
pre-treatment seizures: Age (≤60 vs. ≥61 years, median=61 years),
gender, Karnofsky performance score (≤70% vs. ≥80%, median=80%),
primary tumor type [breast cancer vs. non-small cell lung cancer
(NSCLC), small cell lung cancer (SCLC), cancer of unknown primary
(CUP) and other (n<20) tumor types], number of cerebral lesions (1 vs.
2 or 3), extra-cerebral metastasis (yes vs. no) and time from tumor
diagnosis to treatment of cerebral metastasis (≤9 vs. ≥10 months,
median=10 months). In addition, these characteristics were analyzed
for survival as were pre-treatment symptoms (no symptoms vs. seizures
alone, seizures+other symptoms and other symptoms alone) and pre-
treatment seizures [yes (seizures±other symptoms) vs. no] (Table I).

For the analyses of potential associations with seizures the Chi-
square test was used and p-values of <0.05 indicated a significant
association. Survival times were calculated from the first day of
treatment for cerebral metastasis. Survival analyses were performed
using the Kaplan-Meier method plus the log-rank test. Again, p-
values of <0.05 were considered significant, and the corresponding
characteristics were included in a multivariate Cox regression
analysis. If a p-value was <0.05, the characteristic was considered
an independent predictor of survival. 

Results

In the present series, prevalence of pre-treatment seizures
was 24.1% (60 of 249 patients). Seizures alone occurred in

33 patients (13.3%), and seizures plus other symptoms were
recorded for additional 27 patients (10.8%). None of the
investigated characteristics showed a significant association
with the occurrence of pre-treatment seizures (Table II). 

The univariate analyses of survival revealed significantly
better outcomes for age ≤60 years, (p<0.001), a Karnofsky
performance score of ≥80% (p=0.001), more favorable primary
tumor type (breast cancer or lung cancer, p=0.003) and no extra-
cerebral metastasis (p<0.001) (Table III). For pre-treatment
symptoms (p=0.46) and pre-treatment seizures (p=0.30), no
significant correlation with survival was found, although
patients with seizures appeared to have a better prognosis. Age
(p=0.008), Karnofsky performance score (p=0.004), primary
tumor type (p<0.001) and extra-cerebral metastasis (p<0.001)
were also significant in the multivariate analysis and, therefore,
considered independent prognostic characteristics (Table IV).

Discussion

Patients with a very limited number of cerebral metastases
generally have more favorable survival prognoses than
patients with many lesions (2). A considerable proportion of
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Table I. Distribution of patient characteristics.

Characteristic Number of 
patients (%)

Pre-treatment symptoms No symptoms 5 (2)
Seizures alone 33 (13)
Seizures+other symptoms 27 (11)
Other symptoms alone 184 (74)

Pre-treatment seizures Seizures 60 (24)
No seizures 189 (76)

Age ≤60 Years 122 (49)
≥61 Years 127 (51)

Gender Female 134 (54)
Male 115 (46)

Karnofsky PS ≤70% 91 (37)
≥80% 158 (63)

Primary tumor type Breast cancer 55 (22)
NSCLC 104 (42)
SCLC 29 (12)
CUP 20 (8)
Other tumor types 41 (16)

Number of cerebral lesions 1 174 (70)
2 or 3 75 (30)

Extra-cerebral metastasis Yes 104 (42)
No 145 (58)

Time from tumor diagnosis ≤9 Months 128 (51)
to treatment of cerebral ≥10 Months 121 (49)
metastasis

PS: Performance score; NSCLC: non-small cell lung cancer; SCLC:
small-cell lung cancer; CUP: cancer of unknown primary.

Table II. Associations between patient characteristics and pre-treatment
seizures.

Characteristic Number of patients p-Value
with seizures (%)

Age
≤60 Years 31 (25.4) 0.68
≥61 Years 29 (22.8)

Gender
Female 25 (18.7) 0.059
Male 35 (30.4)

Karnofsky performance score
≤70% 16 (17.6) 0.11
≥80% 44 (27.8)

Primary tumor type
Breast cancer 17 (30.9) 0.25
NSCLC 25 (24.0)
SCLC 5 (17.2)
CUP 6 (30.0)
Other tumor types 7 (17.1)

Number of cerebral lesions
1 41 (23.6) 0.80
2 or 3 19 (25.3)

Extra-cerebral metastasis
Yes 22 (21.2) 0.42
No 38 (26.2)

Time from tumor diagnosis  
to treatment of cerebral metastasis

≤9 Months 33 (25.8)
≥10 Months 27 (22.3) 0.57

NSCLC: Non-small cell lung cancer; SCLC: small-cell lung cancer;
CUP: cancer of unknown primary.



patients with 1-3 lesions receive local treatment with or
without WBRT. In randomized trials, the addition of WBRT
led to an improvement in 1-year intracerebral control but was
associated with greater neuro-cognitive decline 3 to 4 months
following treatment (10, 11). However, an intracerebral
recurrence can also be associated with neuro-cognitive
deficits. Thus, careful patient selection is required when
assigning a treatment regimen with or without WBRT in
addition to neurosurgery or SRS to patients with 1-3 cerebral
metastases. Scoring systems were developed to predict the
risk of an individual patient to develop new cerebral
metastases following SRS alone (5-7). In a study of 214
patients treated with SRS alone for 1-3 cerebral metastases,
three groups were defined based on the number of lesions,
extra-cerebral metastasis and primary tumor type (6). The
risk of developing new distant cerebral metastases within 6
months after SRS was 64%, 35% and 20%, respectively, and
the risk after 12 months was 73%, 56% and 29%,
respectively. Patients of the first group and selected patients
of the second group appeared more likely to benefit from
WBRT when added to SRS. Therefore, a local therapy like
SRS supplemented by WBRT is still a good option for many
patients with 1-3 cerebral lesions (2, 5-7). 

Patients assigned to this treatment regimen are at risk of
experiencing seizures, mostly prior to the start of treatment

(12). The probability of pre-treatment seizures depends on
the type of treatment and the number of lesions (8, 9). In a
previous study, the number of lesions was inversely
correlated with the rate of seizures in non-operated patients,
whereas no significant correlation was found for pre-
treatment seizures in operated patients (8). In that study,
seizures occurred in 33.3% of non-operated patients with a
single lesion compared to 16.5% of patients with more than
one lesion (p=0.007). Thus, patients with a single lesion who
are treated with a non-surgical local therapy plus WBRT
appeared to have a comparably high risk of seizures. This
applied to 45 patients of the present study. In another
previous study that included only patients receiving a
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Table III. Results of the univariate analyses of survival.

Characteristic At 6 months At 12 months At 18 months At 24 months p-Value
(%) (%) (%) (%)

Pre-treatment symptoms No symptoms 60 30 n.a. n.a. 0.46
Seizures alone 73 66 44 30
Seizures+others 74 52 36 18
Other symptoms alone 66 46 33 25

Pre-treatment seizures Seizures 73 60 40 25 0.30
No seizures 66 46 33 24

Age ≤60 Years 79 61 43 32 <0.001
≥61 Years 57 38 27 14

Gender Female 72 54 38 25 0.20
Male 63 44 31 24

Karnofsky performance score ≤70% 56 34 24 24 0.001
≥80% 74 58 41 25

Primary tumor type Breast cancer 76 64 46 36 0.003
NSCLC 70 50 35 26
SCLC 72 55 30 22
CUP 45 17 17 0
Other tumor types 56 36 29 19

Number of cerebral lesions 1 71 51 37 25 0.22
2 or 3 60 46 29 21

Extra-cerebral metastasis Yes 55 34 23 19 <0.001
No 77 61 43 27

Time from tumor diagnosis ≤9 Months 67 45 32 18
to treatment of cerebral metastasis ≥10 Months 68 53 38 30 0.19

NSCLC: Non-small cell lung cancer; SCLC: small-cell lung cancer; CUP: cancer of unknown primary; n.a.: not available; bold values represent
significant p-values.

Table IV. Results of the multivariate analysis of survival.

Factor Risk 95%-Confidence p-Value
ratio interval

Age 1.61 1.14-2.28 0.008
Karnofsky performance score 1.62 1.17-2.23 0.004
Primary tumor type 1.06 1.00-1.12 0.040
Extra-cerebral metastasis 1.83 1.34-2.51 <0.001

Bold values represent significant p-values.



resection of their brain metastases, pre-operative seizures
were observed significantly more often in patients with more
than two lesions (p=0.013) (9). A comparison of the previous
and our present study regarding this finding is not
reasonable, since in our study only two patients (1%) of
those 163 patients receiving neurosurgical resection had
more than two lesions.  

In the present study, the prevalence of seizures was 24.1%,
which was within the range of 12-35% reported for patients
with cerebral metastases (8, 12-14). Another issue
investigated in the current study was the identification of risk
factors for the occurrence of seizures, but no significant risk
factors were identified. This can be explained by the fact that
the study was limited to patients with 1-3 cerebral lesions.
Therefore, the number of lesions, one of the most important
risk factors previously identified, could not play a significant
role as in other studies (8, 9). Moreover, the prognostic role
of the number of lesions depends on the type of treatment.
In non-operated patients, single brain metastasis was
reported to be significantly associated with seizures (8),
whereas in operated patients, occurrence of pre-treatment
seizures was associated with more than two lesions (9).
Since the present study included both patients receiving and
not receiving neurosurgical resection, a significant
association between seizures and the number of lesions
might not have been expected. 

Another previously identified risk factor for occurrence of
seizures is the primary tumor type (1, 12). Due to the fact
that the patients of this study represented a very specific
group, the distribution of primary tumors was different to
other series, particularly regarding the proportion of
melanoma patients (2, 15-20). This likely had an impact on
the difference regarding the prognostic role of the primary
tumor type between the current and previous studies.
However, this difference also shows that it is reasonable to
separately analyze the different treatment groups of patients
with cerebral metastases. 

In this study, pre-treatment seizures were not significantly
associated with survival, although patients with seizures
alone had the best outcomes of all groups categorized
according to their pre-treatment symptoms. Moreover,
patients with seizures had a non-significantly better survival
than patients without seizures. A positive correlation between
seizures and survival has been previously reported for
patients with primary brain tumors (1, 21). In contrast to pre-
treatment seizures, we found significant associations between
improved survival and age ≤60 years, Karnofsky
performance score ≥80%, favorable primary tumor types and
lack of extra-cerebral metastasis. These characteristics have
been previously recognized as significant predictors of
survival in patients irradiated for cerebral metastasis,
consistent with the findings of the present study (15-20).
However, when interpreting these findings, the retrospective

design of this study should be taken into account because its
nature bears the risk of a hidden selection bias. 

In summary, the prevalence of pre-treatment seizures in
this cohort of patients treated with a local therapy plus
WBRT for 1-3 cerebral metastases was comparably high.
Significant risk factors for the occurrence of pre-treatment
seizures were not identified. Significant associations between
seizures and survival were also not identified. Additional
clinical research (ideally prospective studies) is warranted to
better understand the role of seizures in this specific group
of patients. 
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